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	SUMMARY

	This paper provides information on the status of studies within the ITU-R Working Party 4C and 5D groups to address the potential for interference to Mobile Earth Stations (MES) operating in the frequency band 1 518-1 559 MHz, from the planned introduction of IMT/LTE transmissions in the frequency band 1 492-1 518 MHz.

Action:  
· FSMP WG/9 is invited to review the protection levels being considered within the ITU-R WP 4C and 5D groups, along with the protection levels specified within ECC Report 299.  
· [bookmark: _Hlk17127863][bookmark: _Hlk17127903]FSMP WG/9 is also invited to review the proposed revisions to the general guidelines being developed within ICAO FSMP, to ensure the protection of aeronautical L-band MES at airports from the potential for interference arising from the introduction of IMT/LTE transmissions below 1 518 MHz (as identified in ICAO FSMP Action 08-06).
· FSMP WG/9 is invited to consider sending responses to the liaison statements sent to ICAO by the ECC regarding ECC Report 299 and the plans for the introduction of new MSS terminals with improved resilience, and by ITU-R WP 5D on the work being conducted in the ITU-R.





INTRODUCTION
At the Eight Working Group Meeting (WG/8) of the Frequency Spectrum Management Panel (FSMP) in Montréal, Canada, over 21-29 January 2019, the meeting agreed to continue the development of general guidelines to be included as a part of the Handbook on the protection of aeronautical L-band MES.  The meeting also identified that Annex 3 of Working Paper 16 from FSMP WG/8 may be used as a suitable framework in the development of such guidelines (see ICAO FSMP Action 08-06).
[bookmark: _Hlk17126934]This paper proposes revisions to the limits contained in Annex 3 of FSMP-WG/8 Working Paper 16 on the protection of aeronautical L-band MES.  The proposed revisions are based on the latest outputs available from ITU-R Working Party 4C and 5D on the development of a Preliminary Draft New Recommendation and Report on MSS and IMT L-band compatibility.
It is noted the work within the ITU-R is still on-going and will be carried forward to the next ITU-R study cycle.  However, given that the status of the studies are sufficiently complete to identify the protection measures necessary to facilitate compatibility at airports, between IMT systems planned below 1 518 MHz and aeronautical MES operating above 1 518 MHz, it is proposed to progress the development of ICAO FSMP guidelines based on the protection measures that are considered as appropriate from an aviation perspective.  Such measures would encompass the protection of currently operating aeronautical L-band MESs at airports in the frequency band 1 518-1 559 MHz (including those providing aeronautical safety communications within the frequency band 1 525-1 559 MHz), as well as future, less stringent, protection requirements at airports resulting of the introduction of next generation aeronautical MES designed to have a higher receiver blocking tolerance of high power transmissions in adjacent frequency bands.
DISCUSSION
Following the last FSMP Working Group Meeting in January 2019, ITU-R WP 4C met in June 2019 and WP 5D met in February 2019 and July 2019.  Unfortunately, the meetings were unable to complete the development of the Draft new Recommendation and Report ITU-R M.[REP/REC MSS & IMT L-BAND COMPATIBILITY], and these documents, along with other relevant documents, are carried forward for further consideration to the next meetings of WP 4C and WP 5D in the next WRC study cycle.  An extract of the WP 5D meeting report from the July 2019 meeting summarising the status of discussions on MSS and IMT L-band compatibility, together with a copy of the latest revision to the draft new Recommendation and Report being developed is provided Annex 1.
By way of summary, the WP 5D meeting report identifies the status of the PDN Report ITU-R M.[REP MSS & IMT L-BAND COMPATIBILITY] may be considered as stable and ready for approval.  However, a few items remain where different views were expressed which could not be resolved in time at the WP 5D July 2019 meeting.  For the PDN Recommendation ITU-R M.[REC MSS & IMT L-BAND COMPATIBILITY], WP 5D identifies: a number of concerns that were expressed; that the document still contains a large number of square brackets and Editor’s Notes; and only around half of the document has so far been reviewed by WP 5D. WP 5D therefore considered not to elevate the document to a preliminary draft new Recommendation and has updated its work plan accordingly.
Also, it should be noted that WP 5D was unable to reach a consensus to approve the draft Revision of Recommendation ITU-R M.1036-5 on frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) in the bands identified for IMT in the Radio Regulations (RR).  
On the status of the Revision of Recommendation ITU-R M.1036-5, three significant issues are identified by WP 5D as needing to be resolved, which are:
· how to treat the operation of IMT systems in frequency bands allocated to the mobile service other than those identified in the RR;
· the identification of the frequency arrangements for IMT in the frequency band 1 427-1 518 MHz, and whether they should be included in the draft revision to ITU-R M.1036-5 or included as a part of the next revision of the Recommendation, following the finalization of the ITU-R documents on compatibility between IMT and MSS at L-band; and
· the identification of frequency arrangements in the frequency bands 1 980-2 010 MHz and 2 170-2 200 MHz, which have been identified for both the terrestrial component of IMT and the satellite component of IMT, pending completion of studies on the mitigation techniques to avoid harmful interference between the two components.
Resolution of the Bullet 2 issue above is relevant to the development of guidelines within ICAO on MSS & IMT L-band compatibility since it relates to the frequency arrangements for IMT in the frequency band 1 492-1 518 MHz and what additional frequency separation or guard band (e.g. between 0 MHz to 6 MHz) below 1 518 MHz is appropriate, together with any additional measures that administrations may consider necessary to facilitate the adjacent band compatibility by IMT with MSS above 1 518 MHz.
WP 5D agreed to submit the draft Revision of Recommendation ITU-R M.1036-5 to the Study Group 5 meeting scheduled for September 2019, in order for these remaining issues to be addressed and potentially the revision to then be considered for approval under Resolution ITU-R 1-7.  See Annex 2 for a copy of the draft revision, together with an extract of the text concerning the proposed frequency arrangements for IMT in the frequency band 1 427-1 518 MHz.  
PROPOSAL
As WP 4C and WP 5D have not finalised their work on IMT/MSS compatibility at L-band, and noting the next meeting of WP 5D[footnoteRef:1] is scheduled for February 2020, while the next meeting of WP 4C is scheduled in May 2020, it is proposed that FSMP progresses the work on the development of general guidelines within ICAO FSMP on the protection of aeronautical systems at airports based on the current status of studies available within the ITU-R and CEPT.  It is not anticipated the overall technical conclusions of such studies will change as a result of any further study. [1:  There is an early WP 5D scheduled but the Working Group on Spectrum Aspects of WP 5D is scheduled to meet next in February 2020.] 

To this end, Annex 3 contains proposed edits for consideration within FSMP updating the draft guidelines.  The proposals are made using revision marking from the limits and protection measures identified in Annex 3 of Working Paper 16 from FSMP WG/8.
It is further noted FSMP has received two liaison statements (provided in FSMP-WG09-WP05) from the Electronic Communications Committee (ECC) of The European Conference of Postal and Telecommunications Administrations (CEPT) and from ITU-R Working Party 5D on the issue of potential blocking of Mobile Earth Stations operating in bands adjacent to 1 518 MHz (including 1 525-1 559 MHz) at sea ports and airports.  These liaison statements relate to guidelines that may be developed within FSMP and, as such, would need to be duly considered by the meeting. 
It is proposed that FSMP may consider responding to the ECC, thanking them for their liaison statement, and noting that the duration of identified short time period for the first phase (e.g., 7 years) that is intended to protect currently operating aeronautical L-band MES is not considered sufficient from an aeronautical perspective given the high costs involved changing aviation equipage.  It may be noted the relevant standardisation bodies are in the process updating the adjacent channel selectivity requirements for aviation receivers in order to tolerate better the operation of high power adjacent channel signals.
It is also proposed that any response to the ECC includes the following sentiments: ICAO is pleased to see the development of example PFD limits for protection of aeronautical MESs, noting that those in Section A2.2 (based on measured performance of aeronautical L-band MES receivers) provide adequate protection to existing aircraft MESs for single and multiple LTE channels.
It is proposed that FSMP may considering responding to WP 5D, in particular to highlight the need for protection of aeronautical MESs used for safety related applications in the band 1525-1559 MHz.
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
continue the work on FSMP Action 08-06 reflecting the latest available output from the ECC, as well as the ITU-R studies; 
consider a response to ECC on their liaison statement contained in FSMP-WG09-WP05, and noting that the duration of identified short time period for the first phase (e.g. 7 years) that is intended to protect currently operating aeronautical L-band MES is not considered sufficient from an aeronautical perspective given the high costs involved changing aviation equipage.  It may be noted the relevant standardisation bodies are in the process updating the adjacent channel selectivity requirements for aviation receivers in order to tolerate better the operation of high power adjacent channel signals; and
considering responding to ITU-R WP 5D, in particular to highlight the need for protection of aeronautical MESs used for safety related applications in the band 1525-1559 MHz.


Annex 1.  Report and working documents under development within ITU-R WP 4C and WP 5D on potential for interference from IMT transmissions below 1 518 MHz to MES receivers operating above 1 518 MHz.

Attach: 
i) WP5D (July 2019) Meeting Report Extract;
ii) PDN Recommendation MSS - IMT L-band; and
iii) PDN Report MSS - IMT L-band.







Annex 2.  Draft revision to ITU-R M.1036-5 on IMT frequency arrangements that will be considered at the September 2019 meeting of Study Group 5.

SG 5 at its meeting in September 2019 will need to decide whether to include the following frequency assignments of IMT systems in the band 1 427-1 518MHz within a revision to ITU-R 1036-5, or to consider the arrangements within the next revision.

[bookmark: _Hlk17144036]Extract of frequency arrangments for consideration in Section 4 of ITU-R M.1036-5, covering the frequency band 1 427-1 518 MHz.

“The recommended frequency arrangements for implementation of IMT in the band 1 427‑1 518 MHz are provided in Table 4 and in Fig. 4, noting the implementation aspects in section 1 above.
TABLE 4
[bookmark: _Hlk17143982]Frequency arrangements in the band 1 427-1 518 MHz
	Frequency arrangements
	Paired arrangements (FDD)
	Un-paired arrangements 
(TDD)
(MHz)

	
	Mobile station transmitter
(MHz)
	Centre gap
(MHz)
	Base station transmitter
(MHz)
	Duplex separation
(MHz)
	

	G1
	External
	–
	1 427-1 517
	–
	None

	G2
	1 427-1 470
	5
	1 475-1 518
	48
	None

	G3
	
	
	
	
	1 427-1 517



NOTE 1 – With respect to IMT in the frequency band 1 492-1 518 MHz and the MSS in the frequency band 1 518-1 525 MHz, ITU-R studies were conducted in accordance with Resolution 223 (Rev.WRC-15) and provide possible technical measures to facilitate adjacent band compatibility. Frequency arrangements in this band take into account the results of these studies.

Based on these studies, administrations may consider additional frequency separation below 1 518 MHz at the upper part of G1, G2, or G3 (e.g. a total separation of 0 MHz to 6 MHz). This is one of a number of possible measures to facilitate adjacent band compatibility. (See Report ITU-R M.[REP.MSS & IMT L-BAND COMPATIBILITY] [and Recommendation ITU-R M.[REC.MSS & IMT L-BAND COMPATIBILITY]]).”
fIGURE 4
(see notes to Table 4)
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[image: ]

Attachment: Input to SG5 on Draft Revision to ITU-R Rec M.1036-5







Annex 3.  Straw-man document:  Draft general guidelines that may be considered by spectrum regulators to ensure the protection of aeronautical MES systemsreceivers operating in the frequency band 1 518-1 525 MHz, from the introduction of IMT/LTE in the frequency band below 1518 MHz. Measures. 
[Editors note.  A summary of the key outstanding issues to be addressed within WP 4C and 5D (as identified in the draft PNDR Report and Recommendation on IMT/MSS sharing at L-band) is provided below.  It is copied for information for ICAO FSMP to assist in the development of any guidelines on protection limits for aeronautical MES receivers.

	Issue
	Aspects for consideration within WP 4C & 5D

	Guard band
	•	Need to specify whether from IMT or MSS, or both.
•	Need to suggest specific values in range 0-6 MHz.
•	Should be consistent with Recommendation ITU-R M.1036.

	Base station emission limits (standard and enhanced?) 
	•	Ideally only a single option, but if multiple options, need to specify the applicable scenario for each.
•	Maximum frequency for unwanted emission limits TBD.
•	Need feedback from WP 5D on feasibility of meeting limits.

	UE emission limits
	•	Ideally only a single option, but if multiple options, need to specify the applicable scenario for each.
•	Maximum frequency for unwanted emission limits TBD.
•	Need feedback from WP 5D on feasibility of meeting limits.

	Protection measures for ship earth stations and aircraft earth stations
	•	Need for additional protection measures for ports/airports
•	May include pfd values and other measures (to be based on Report).

	IMT/MES equipment improvements
	•	Should be a recommendation on MES blocking, possibly with options.
•	Need to talk about timing of implementation for MES.
•	Need to talk about timing of improvement in IMT UW emissions.


]
Editor’s note: To assist in the development of general guidelines, information is requested within ICAO FSMP on what form such guidance should take, what is the expected content, where the output would be made available and whether such material should instead be included as in an annex to the handbook

· [bookmark: _Hlk17143873]so as    [I.e., to allocate frequency arrangement “G1” of [ITU-R M.1036-6]]
· This will prevent the operation of mobiles within short distances (down to 10s of metres) of an aircraft MES, avoiding unmanaged potential for interference from uncoordinated mobile transmissions.
· This will also avoid base-station transmission with 0 MHz guard band up to 1 518 MHz.  [I.e., as per frequency arrangement “G2” of [ITU-R M.1036-6]].
· [bookmark: _Hlk17145775]Additionally, it is recommended to delay the use base-station transmission in the band , until such a time that improved aeronautical MES equipment is available and also airlines have had the opportunity to update equipage as necessary.  This time period is related to discussions on “IMT/MES equipment improvements” below.
Introduction

To be developed.
[Editor’s Note: general introductory text describing the use of the band 1 518-1 559 MHz (including the provision of aeronautical safety communications within the frequency band 1 525-1 559 MHz) by aeronautical MES, and the testing of terminal functions correctly when the aircraft is on the ground is to be included.]
i) Measured blocking levels of most susceptible terminal identified within Draft ECC report 299.

[Editor’s note:  it is proposed to delete the results of measurements contained in Draft ECC Report 299 in order to simplify the guidelines.  Instead, reference on the blocking performance of the most susceptible aeronautical L-band MES receiver that was measured is included alongside the protection PFD limits identified below.]
Blocking results from a single LTE channel transmission

The blocking performance of the AESs listed in Table 1 have been measured against a single 5 MHz LTE channel at 1512-1517 MHz, and a summary of the results for the most susceptible Classic Aero (AES E) and SB (AES B) are presented in Table 2.
[bookmark: _Ref519843767][bookmark: _Ref519843729]Table 1: Types of aeronautical terminals tested
	Aeronautical Terminal Types
	Service
	Operational Band

	AES A
	Classic Aero and SB
	1525 -1559 MHz

	AES B
	Classic Aero and SB
	1525 -1559 MHz

	AES C
	Classic Aero and SB
	1525 -1559 MHz

	AES D
	Classic Aero and SB
	1525 -1559 MHz

	AES E
	Classic Aero and SB
	1525 -1559 MHz

	AES F
	Classic Aero and SB
	1525 -1559 MHz

	AES G
	Classic Aero 
	1530 -1559 MHz

	AES H
	Classic Aero 
	1530 -1559 MHz



Table 2: Measured blocking performance of Classic aero AES (E) and SB AES (B) 
from a single LTE channel
	Terminal Type
	Blocking performance (dBm)
	Wanted carrier Frequency (MHz)

	Classic Aero (AES E)
	-50.3
	1555.1

	SB (AES B)
	-40.8
	1525.1



It is important to note that transmissions from LTE channels below 1512 MHz also cause blocking of the terminals. To illustrate this, the blocking performance of Classic Aero (AES E) and SB (AES B) were also measured against an LTE channel at different channels below 1512 MHz and the results are shown in Table 3.
[bookmark: _Ref519843861]Table 3: Measured blocking performance of the most susceptible Classic aero (AES E) and SB
 (AES B) from a single 5 MHz LTE channel at different frequency centres
	LTE Centre frequency (MHz)
	Blocking performance of classic aero (AES E) (dBm) 
	Blocking performance of SB (AES B) (dBm)

	1514.5
	-50.3 
	-40.8

	1509.5
	-35
	-25.7

	1504.5
	-35
	>-20

	1499.5
	-21
	>-20



Blocking results from multiple LTE channel transmission

The blocking performances of the AESs listed in Table 2 have also been measured against multiple LTE channels simultaneously transmitting, and the results for the most susceptible Classic aero (AES E) are shown in Table 4.
[bookmark: _Ref519843936]Table 4: Measured blocking performance of Classic Aero (AES E) (most susceptible AES) 
from multiple LTE channels
	Measured blocking performance from LTE channel at 1492-1502 MHz (dBm)
	Measured blocking performance from LTE channel at 1502-1512 MHz (dBm)
	Measured blocking performance from LTE channel at 1512-1517 MHz (dBm)

	-48.4
	-48.4
	-55.5

	Not measured
	-45.6
	-55.5



ii) 2nd set of PFD contained Draft ECC report 299 that is based on measured MES levels IMT Base Station PFD Limits to protect aeronautical MES from receiver blocking

The recommended approach to protection of aeronautical L-band MES is through the application of power flux density (PFD) limits.  The geographic area to be protected should be defined, which is normally the area within an airport when aircraft are at the gate, taxing, or on the runway.  The PFD produced by IMT base stations must be kept below the PFD limit value at the boundary of the protected area and any point inside the area.  Operators of IMT base stations located outside the protected area will need to assess the PFD at the boundary of, and inside, the area to ensure that the PFD limit is not exceeded.  The PFD approach allows for the mobile operator to take into account the actual IMT base station characteristics (such as antenna height and downtilt) and the actual propagation loss (e.g. taking account of local clutter).  In some cases, it may be possible for operators to deploy IMT base stations inside buildings within the defined area (e.g. inside the airport terminal) while still ensuring the PFD limits outside the building is met, when the building wall loss is taken into account.

[Editor’s Note: A figure to illustrate the application of the PFD limit is to the added.]

It is anticipated that national licensing authorities will ensure that the protected areas and associated PFD limits are defined and included in the IMT operator’s licence conditions.  This should be done in consultation with the relevant national aviation safety representatives and/or with the airport operator.

The PFD limits in this section are based on the blocking measurements of the most susceptible terminals, as performed by some Satcom manufacturers which were presented in section i) aboveand presented in ECC Report 299[footnoteRef:2].  The blocking criterion for current aeronautical L-band MES receiver design with respect to IMT base stations operating a single IMT channel transmission in the frequency band 1 512-1 517 MHz is -50.3 dBm, while the blocking criterion with respect to IMT base stations operating multiple IMT channel transmissions is -55.5 dBm.  For next generation aeronautical L-band MES receivers that are expected to be more resilient to blocking effects and hence would lead to more relaxed constraints on IMT base stations, the blocking criterion with respect to IMT emissions in the band 1 512-1 517 MHz is -30 dBm. [2:  https://www.ecodocdb.dk/download/8f411ee1-4d48/ECC%20Report%20299.pdf] 


The PFD limits are identified in two parts:  Phase 1 limits are derived for the protection of existing aeronautical L-band MES equipment, while Phase 2 limits are derived based on the protection requirements for next generation aeronautical L-band MES equipment.  

Note: the PFD limits identified in Tables 1 and 2 are based on a MES with an assumed antenna gain values towards the horizon of either 3 dBi or 17 dBi.  The limits are replicated from Annex 1 of PDN Recommendation ITU-R M.[REC.MSS & IMT L-band COMPATIBILITY].

The protection limits for aeronautical MES with an assumed maximum gain of 3 dBi towards the horizon are identical to the PFD levels specified in Annex 2, Option 2 within ECC Report 299 (i.e., based on measured blocking performance of aeronautical L-band MESs). 

For cases where the aeronautical L-band MES antenna gain towards the horizon can exceed 3 dBi, in particular when such aeronautical MES have high gain antennas (with maximum gain up to 17 dBi) and are used in airports having a low elevation angle towards the associated MSS satellite, the lower PFD limits derived for an assumed gain of 17 dBi towards the horizon would be appropriate as an aeronautical MES protection requirement.

Table 1
PFD limits for IMT BS with single IMT channel transmission
	Phase
	
	Phase 1
	Phase 2

	
	MSS terminal antenna gain (dBi)
	PFD limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)

	Airports
	3
	-28.9
	-42.9
	-58.2
	No limit required
	-27.9
	-37.9

	
	17
	-42.9
	-56.9
	-72.2
	No limit required
	-41.9
	-51.9



Table 2
PFD limits on IMT BS with multiple IMT channel transmissions
	Phase
	MSS terminal antenna gain (dBi)
	Phase 1
	Phase 2

	
	
	PFD limit for emissions in the band 1 492‑1 512 MHz (dBW/m2)
	PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)
	PFD limit for emissions in the band 1 492-1 512 MHz (dBW/m2)
	PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)

	Airports
	3
	-53.5
	-63.4
	-30.9
	-40.9

	
	17
	-67.5
	-77.4
	-44.9
	-54.9



Table 5: PFD limits on MFCN BS transmitting a single channel
	Phase
			Phase 1
	Phase 2

	
	PFD limit for BS emissions in the band 1492-1502 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1502-1512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1512-1517 MHz (dBW/m2) 
	PFD limit for BS emissions in the band 1492-1502 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1502-1512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1512-1517 MHz (dBW/m2)

	Airports 
	-28.9
	-42.9
	-58.2
	No limit required
	-27.9
	-37.9



Table 6: PFD limits on MFCN BS transmitting multiple channels
	Phase
	Phase 1
	Phase 2
	
	

	
	PFD limit for BS emissions in the band 1492-1512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1512-1517 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1492-1512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1512-1517 MHz (dBW/ m2)
	
	

	Airports 
	-53.5
	-63.4
	-30.9
	-40.9
	
	


Notes: the maximum PFD should be considered within airport in places where aircraft are likely to be positioned and calculated at height of 10 m above local ground level.

[Editors note. Further guidance may need to be provided on the propagation model and clutter to be used in calculating the PFD.  The time percentage associated with the propagation model may be considered to be for attenuation not exceeded for 20% of time, e.g., equating to long term propagation conditions, to avoid the need to consider short term propagation enhancements.]
Recommended time lines in the application of Phase 1 limits and the transition to Phase 2 protection limits.
 .
[Editor’s note: the following text has been suggested based on the text from the report of FSMP WG7, the ICAO and ASRI responses to the publication consultation of draft new Report 299, as well text currently included in draft new Report 299.]

ICAO FSMP views that it It is imperative important the Phase 1 PFD limits protect existing aviation equipment and the transition to Phase 2 PFD limits be conducted at a date that is supportable by aviation equipage schedules.  Member States should discuss appropriate timelines for protection measures with their national aeronautical industries (including the airlines and their trade bodies) to assess the potential impact, cost and the best way forward, so that they can take the appropriate steps with no unnecessary delay to reduce the duration of the Phase 1 PFD limits to an acceptable and reasonable timeframe.  

By way of general guidance, it is recognised that the longstanding position of airlines and operators has been to accommodate updates to aircraft systems as part of the natural lifecycle of airframes and avionics. Such a timeframe is normally between 20-30 years for each aircraft, given the significant capital cost of purchasing or changing an operational aircraft.  Any changes to aeronautical L-band satellite communication equipment requires updates to the performance standards, procedures, regulations and guidelines which govern air transport.  Design of new equipment must be developed to the new aviation standards and be certified as safe for use by a competent authority.  Once new equipment design has been certified, it has to be incorporated into the production of new aircraft for line-fit delivery, mandated for installation and made available to the airline industry.  For retrofit installations, a supplementary type certificate (STC) must be obtained from EASA/FAA for each type and variant of aircraft.  Currently there are no certified aeronautical L-band satcom terminals available that comply with the new receiver blocking requirement of -30 dBm from mobile-base station transmissions at 1 512-1 517 MHz.
iii) Conditions on unwanted emissions for mobile base station transmissions in the 1 492-1 517 MHz.
[bookmark: _Ref480830572]
In addition to receiver blocking effects, there is a potential for interference associated with the unwanted emissions of IMT base stations.  Hence, it is necessary to define the maximum level of unwanted emissions from IMT base station transmissions falling within an aeronautical MES receiver pass band.

To be developed.  ITU-R WP 4C and 5D are studying this aspect.  

[Editor’s note:  It is noted that ECC[footnoteRef:3] Decision (17)06 has specified unwanted e.i.r.p density limits from base station transmissions, per sector in a multi-sector site, falling within the band 1 518- 1 520 MHz (of -0.8 dBm/MHz), and within the band 1 520-1 559 MHz (of -30 dBm/MHz), and with a maximum in band e.i.r.p of 58 dBm per cell for base-station transmissions operating in band 1 512-1 517 MHz. [3:  ECC Decision (17)06 (https://www.ecodocdb.dk/download/4f052b0b-2c6c/ECCDEC1706.pdf)] 


[ICAO Inmarsat FSMP] considers these ECC limits are not sufficient to protect MES receivers , as it the preclude the use of the 1 518-1 520 MHz band for MES operation nearby base-station transmissions as well as resultsing in an unacceptable potential for interference into the 1 521 5180-1  559 MHz frequency band.]..

[ICAO FSMP] recommends unwanted e.i.r.p density of out-of-band emissions from IMT base stations operating in the frequency band 1 492-1 518 MHz are no higher than -41 dBm/MHz into the frequency bands 1 518-1 525 MHz and 1 525-1 559 MHz.  This unwanted emissions limit is in line with Option B of recommends 2 of [Working Document towards a Preliminary Draft New] Recommendation ITU-R M.[REC.MSS & IMT L-band COMPATIBILITY].  The limit, combined with the geographical separation that can be expected between the aircraft and base stations would ensure the MES receiver degradation due to IMT unwanted emissions is to acceptable levels.

iv) Identification of at 1-6 MHz Gguard band for SDL IMT operation.
v) 
To be developed.  ITU-R WP 4C and 5D are studying this aspect.  
 The recommended limits for IMT out-of-band emissions will require a guard band to allow for practical filters to achieve the required reduction in base station emissions.  Moreover, a guard band is necessary to allow for future MES receivers to be designed to be resilient to high IMT blocking levels below 1 518 MHz.  A minimum guard band of 3 MHz is recommended as providing a reasonable balance between maximising spectrum for IMT and the practical implementation of the necessary filtering in the base station and in the MES.  The guard band should be applied below 1518 MHz.  
 [Editor’s note: The measurements on aeronautical MES receivers contained in ECC Report 299 in Section ii) demonstrate  show aviation MES receivers are much more sensitive (by around 15 dB) sensitive to interference received from the topmost IMT/LTE channel in 1 512-1 517 MHz relative to use of IMT/LTE channels below 1 512 MHz.  Therefore, in development of any guidance within FSMP, it may be proposed that An appropriately-sized guard band below 1518 MHz (e.g., 3-6 MHz) could be an effective means of mitigating (but not entirely eliminating) some interference to aviation MES receivers from new IMT/LTE systems.  Other restrictions in the operation in LTE transmissions in the band 1 512-1 517 MHz within the vicinity of airports, or including operation limited to low-power indoor mobile base-station use within airports, also would pose significantly lessreduce the potential for interference to aircraft L-band satcom receivers as compared to than unrestricted operation of LTE/IMT in channels below 1 512 517 MHz. ]  
National spectrum regulators may consider not licensing the uppermost channels of the band 1 427- 1518 MHz (and in particular the topmost channel), recognising that in some countries there is limited demand from mobile operators for use of this band in the immediate term.  The uppermost channels may be licensed at a later date, which may also take advantage of the more relaxed “Phase 2” PFD limits anticipated after deployment of improved aeronautical L-band MES.  Avoiding use of the uppermost IMT channels would also ease the IMT base station filter requirements.
TDD UE operation permissible under a TDD operation identified in draft revision to ITU-R Recommendation 1036-5.
To be developed.  ITU-R WP 4C and 5D are studying this aspect.
[Editor’s note: in case Study Group 5 approves revision to ITU-R M.1036-5 with a TDD frequency arrangement for IMT operation in the band 1 427-1 518 MHz, the following text is proposed for consideration]:
It is noted that Draft Recommendation [ITU-R M.1036-6] contains several different frequency arrangements for IMT operation in the 1 427-1 518 MHz band.  It is recommended that administration only allocate the band 1 492-1 517 MHz for IMT base-station transmissions/user equipment reception, in order to prevent the use of mobile equipment transmissions in the band immediately adjacent to 1 518 MHz.  This would restrict the operation of IMT mobile transmissions up to the aircraft door (and potentially inside the fuselage), avoiding potentially unmanaged sources of interference arising from uncoordinated IMT mobile transmissions in bands adjacent to 1 518 MHz.  Frequency arrangement G1 (“SDL”) and G2 (“FDD”) meet this requirement, whereas frequency arrangement G3, which is based on a TDD arrangement would not meet this requirement and is therefore not recommended.
— END —
(16 pages)
FSMP-WG09-WP23_IMT - L-band Satcom (Inmarsat)r1.docx
WP5D Meeting Reports (extract).docx
- 171 -

Ch. 4 – SPECTRUM ASPECTS - Att. 4.8

[bookmark: dbreak]chapter 4

Meeting Report of Working Group Spectrum Aspects



4	Meeting Report of Working Group Spectrum Aspects

4.1	Meeting Report of SWG Frequency Arrangements

4.2	Meeting Report of SWG Sharing Studies

4.3	Detailed workplans of SWG Sharing Studies

4.4	[Preliminary] draft new Report ITU-R M.[REP.MSS & IMT L-BAND COMPATIBILITY]

4.5	Working document towards a preliminary draft new Report ITU-R M.[IMT.AAS]

4.6	Working document towards preliminary draft new Report on co-channel sharing analysis involving imt-advanced systems using high altitude platform station as base stations

4.7	Working document towards a preliminary draft new Recommendation ITU-R M.[REC.MSS & IMT L-BAND COMPATIBILITY]

4.8	Summary of discussion on 4 800 MHZ (review of No. 5.441B)




chapter 4

Source:	Document 5D/TEMP/815

Meeting Report of Working Group Spectrum Aspects

1	Summary of activities

During the 32nd meeting of Working Party (WP) 5D held in Búzios, Brazil, Working Group Spectrum Aspects met twice and took into consideration 42 input contributions and 15 input contributions carried forward from previous meetings. The main objectives for the 32nd meeting were to complete the draft revision of Recommendation ITU-R M.1036-5 ready for submission to Study Group (SG) 5 and to finalise the text on sharing and compatibility studies related to WRC-19 agenda item 9.1, issues 9.1.1 and 9.1.2 as well as studies on Resolution 223 (WRC-15) matters. A key objective was to complete the deliverable, draft new Report ITU-R M.[RADAR&IMT SHARING] on in-band and adjacent band coexistence and compatibility studies between IMT systems in 3 300-3 400 MHz and Radiolocation systems in 3 100-3 400 MHz for submission to Study Group 5.

Studies were also expected to be completed on the compatibility study contained in the deliverable draft new Report ITU-R M.[REP.MSS & IMT L-BAND COMPATIBILITY] so that this study could be submitted to SG 5 for approval while good progress was expected on the working document towards a PDN Recommendation ITU-R M.[REC.MSS & IMT L-BAND COMPATIBILITY].

Although Spectrum Aspects adopted a heavy schedule for SWG and Drafting Group meetings, sadly not all objectives were met. In particular, it is noted that detail work on deliverables related to WRC-19 issues 9.1.1 and 9.1.2 was suspended following consideration of liaison statements received from Working Parties 4C and 4A since these liaisons advised that both groups foresee studies under their responsibilities continuing on these topics in the new study cycle following WRC-19.

It is also to be noted that a consensus on the draft revision of Recommendation ITU-R M.1036-5 was not able to be reached. Three significant issues remain and require to be resolved before the revision can be approved. However, it was agreed after further discussion at the final Plenary of WP 5D that the revision document (refer to Document 5D/TEMP/788(Rev.1)) would be submitted to SG 5 in order for the remaining issues to be resolved at the higher level and the revision to then be considered for approval. If SG 5 has difficulty resolving the issue related to Attachment 1 to the Annex, concerns were expressed that if there is no agreement on this matter the text should revert to the published version.

The studies on the 2 deliverables draft new Report and Recommendation ITU-R M.[REP/REC.MSS & IMT L-BAND COMPATIBILITY] also were not able to be completed and it was decided that the relevant documents would be carried forward for further consideration to the 34th meeting of WP 5D, the next meeting at which Spectrum Aspects will be in session (refer to Documents 5D/TEMP/781 and 5D/TEMP/765(Rev.1), respectively).

On a more positive note, the major deliverable on the in-band and adjacent band coexistence and compatibility studies between IMT systems in 3 300-3 400 MHz and Radiolocation systems in 3 100-3 400 MHz was completed and it was agreed that this document should be submitted to SG 5 for approval as a new ITU-R Report (refer to Document 5D/TEMP/782). The completion of this study culminates some four years of work and is a major milestone for WP 5D.

Four liaison statements were prepared and there was further discussion based on an input contribution on RR footnote No. 5.441B in the 4 800 MHz frequency band. Although no specific conclusion was reached by Spectrum Aspects on this matter, a summary of the discussion was prepared (refer to Document 5D/TEMP/784(Rev.1)) for attachment to the Chairman’s Report of the meeting. Other output documents developed for attachment to the Chairman’s Report included updates to work-plans and working documents on studies under action that will be taken up in the new study period including:

–	Updating the working document on AAS antenna pattern modelling (refer to Document 5D/TEMP/738).

–	Further studies on HAPS as IMT base stations (refer to Document 5D/TEMP/763).

Finally, a unanimous decision was taken by Spectrum Aspects to terminate work on the deliverable Recommendation ITU-R M.[IMT.3300 MHz FSS] since no input contributions were received on this topic during the complete 2015-2019 study period.

2	Structure and overview

2.1	SWG structure adopted for the meeting

The structure for the 32nd meeting was agreed as follows:

(i)	SWG Frequency Arrangements (Chairman Mr Yutao Zhu (China), Dr Bienvenu Soglo (Intel) assumed the role of Acting Chairman when Mr Zhu had to leave the meeting early).

(ii)	SWG Sharing Studies (Chairman Mr. Michael Kraemer (Germany)).

Detail considerations on the revision of Recommendation ITU-R M.1036-5 were held in a drafting group established by SWG Frequency Arrangements. SWG Sharing Studies activated three drafting groups and one Ad Hoc Group.

2.2	SWG activities

The activities and discussions at the SWG level are summarised in the individual SWG meeting reports as follows:

–	SWG Frequency Arrangements meeting report contained in Document 5D/TEMP/789.

–	SWG Sharing Studies meeting report contained in Document 5D/TEMP/807(Rev.1).

2.3	Input contributions to be carried forward to 34th meeting of WP 5D (February 2020)

The meeting agreed to carry forward to the next meeting input documents 5D/1203, 1246, 1257, 1259, 1262, 1264, 1265, 1266, 1279 and 1281 for further consideration by SWG Sharing Studies.

2.4	Next meeting

While the 33rd meeting of WP 5D is scheduled to be held in December 2019, this meeting will be entirely focused on the activities of the Technology Aspects Working Group. It should be noted that neither the General Aspects Working Group nor the Spectrum Aspects Working Group will be in session at the 33rd meeting. The next meeting at which Working Group Spectrum Aspects will be in session will be at the 34th meeting of WP 5D scheduled to be held in February 2020.

3	Concluding remarks

I would like to thank Mr Zhu, Dr Soglo and Mr. Kraemer for their leadership in chairing the SWGs and Dr Hiroyuki Atarashi for assisting as editor at the final meeting of Spectrum Aspects.

On a personal note, this meeting was my last time as Chairman of Working Group Spectrum Aspects. It has been an honour and a privilege to serve in this role and I wish Working Group Spectrum Aspects every success in its future activities.

	Alan R Jamieson
	Chairman, WG Spectrum Aspects
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attachment 4.1

Source:	Document 5D/TEMP/789

Meeting Report of SWG Frequency Arrangements

Sub-Working Group Frequency Arrangements met four times over 4 periods, during the 32nd meeting of Working Party (WP) 5D in Búzios, Brazil. The meetings were attended by around 80 delegates; and SWG Frequency Arrangements considered 6 input contributions and one carried forward documents as assigned by WG Spectrum Aspects.

One Drafting Group was established under SWG Frequency Arrangements at this meeting:

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]–	DG M.1036 chaired by Dr. Bienvenu Comlan AGBOKPONTO SOGLO to improve the preliminary draft revision of Recommendation ITU-R M.1036-5.

SWG Frequency Arrangements reviewed the input contributions and focused on the key issues remaining from the 31bis WP 5D meeting, especially: 1) Paragraph below Table 1 in the introduction part of the published version of ITU-R M.1036-5; 2) Improvement to Note 12 in Section 3 which was in square bracket; 3) Improvement to Note 5 under Section 5 and 4) Discussions on how to treat the last part of Note 1 to Section 4 - Frequency arrangements in the 1 427-1 518 MHz frequency band.

SWG Frequency Arrangements made very good progress in the revision of the preliminary draft revision of Recommendation ITU-R M.1036-5 by improving the structure of the recommendation; and after extensive discussions, the meeting tentatively agreed in principle to include a modified version of the paragraph mentioned in 1) above at the beginning of Table 1 in attachment 1 to the Annex of this PDRR M.1036. In addition the meeting agreed on a new Note 12 in Section 3 and improved the text to Note 5 under Section 5.

Apart from the very good progress made during the meeting; there are some open issues that need to be further considered at the working group spectrum aspects meeting as follows:

1	The meeting had extensive discussions with regards to the paragraph under Table 1 in the introduction section of the published version of Rec. ITU-R M.1036-5: “Also, administrations may deploy IMT systems in bands allocated to the mobile service other than those identified in the RR, and administrations may deploy IMT systems only in some or parts of the bands identified for IMT in the RR”, and agreed in principle to include a modified version of the paragraph at the beginning of Table 1 in Attachment 1 to the Annex of this PDRR ITU-R M.1036. There are two places with square brackets in the paragraph that need to be further discussed. Some Administrations are of the view that in case of no agreement on this paragraph, the meeting should return to the published version of the paragraph below Table 1 of Rec. ITU-R M.1036-5; and another Administration also added a sentence in the noting part of this recommendation as noting b) which is in square bracket subject to a final agreement on the paragraph at the beginning of attachment 1 to the annex of the PDRR ITU-R M.1036.

2	With regards to the treatment of section 4 “Frequency arrangements in the band 1 427-1 518 MHz”, there were some concerns by certain ITU-R Members to include section 4 in the revision of Recommendation ITU-R M.1036 and there was no agreement on this issue, while two views were expressed as follows:

View #1

–	Draft revision of Recommendation ITU-R M.1036-5 which includes section 4 should be submitted to Study Group 5 in September 2019.

–	When adopting this draft revision of Recommendation, consequential changes to the last part of Note 1, which refers to Report ITU-R M.[REP.MSS & IMT L‑BAND COMPATIBILITY] and Recommendation ITU-R M.[REC.MSS & IMT L-BAND COMPATIBILITY], may be performed based on the situation at that time.

View #2

–	Draft revision of Recommendation ITU-R M.1036-5 which does not include section 4 should be submitted to Study Group 5 in September 2019.

–	Section 4 as its current form should be included in the next revision of this Recommendation in the next study cycle after finalization of the above two ITU-R deliverables regarding compatibility between IMT and MSS.

3	The meeting made some progress on improving Note 5 under section 5, but there is still a square bracket put for the last sentence of this note as there were no agreement reached. One administration indicated that the changes to Note 5 needs to be liaised with Study Group 4 working parties in accordance with Doc. 5/3(Rev.1) of the ITU-R (Future updating of the Recommendations and other ITU-R texts under responsibility of Study Groups 4 and 5); and that this matter needs to be taking into consideration while considering the PDRR ITU-R M.1036 at the working group spectrum aspect level.

[bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Based on the progress made, SWG Frequency Arrangements would like to submit Document 5D/TEMP/788 – Preliminary draft revision of Recommendation ITU-R M.1036-5 to the Working Group spectrum aspects for consideration.

In addition, SWG Frequency Arrangements would like to submit the following document to be 

attached to the Chairman’s Report.

–	Doc. 5D/TEMP/789: Meeting Report of SWG Frequency Arrangements

Finally, I would like to thank all the participants for their contributions and support for the work on the revision of Recommendation ITU-R M.1036-5.

					        Dr. Bienvenu Comlan AGBOKPONTO SOGLO

                                                                      Acting Chairman, SWG Frequency Arrangements

                                                                           (bienvenu.agbokponto.soglo@intel.com)
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Attachment 4.2

Source:	Document 5D/TEMP/807(Rev.1)

[bookmark: _Toc108258017]Meeting Report of SWG Sharing Studies

1	Introduction

SWG Sharing Studies met for 3 sessions during the 32nd meeting of Working Party 5D attended by around 100 delegates and considered 45 input documents and documents carried forward from the last meeting, addressing the following issues:

–	IMT/BSS 1.5 GHz compatibility.

–	IMT/MSS 2 GHz coexistence.

–	3 300 MHz compatibility.

–	IMT/MSS 1.5 GHz compatibility.

–	HAPS as IMT base stations.

–	AAS antenna radiation pattern modelling.

–	4 800 MHz (protection of AMS and review of RR No. 5.441B).

–	Recommendation ITU-R SM.1448 and Appendix 7.

–	Coordination zones for EESS and protection for RAS.

–	Report ITU-R BT.2382.

–	Wireless power transmission via RF beam.

–	Coexistence MSS/IMT in 2 655-2 690 MHz.

–	Recommendation for compatibility with EESS at 26 GHz.

Three Drafting Groups and one Adhoc Group were established to progress the work which met for a total of 17 sessions:

–	Drafting Group IMT/MSS 1.5 GHz COMPATIBILITY chaired by Mr. Sarunas Oberauskas (Lithuania) continued discussions on technical measures to ensure coexistence between the MSS in the frequency band 1 518-1 525 MHz and IMT in the frequency band 1 492-1 518 MHz.

–	Drafting Group 3 300 MHz COMPATIBILITY chaired by Mr. Baxton Sirewu (Zimbabwe) continued the work on in-band and adjacent band coexistence and compatibility studies between IMT systems in 3 300-3 400 MHz and Radiolocation systems in 3 100-3 400 MHz.

–	Drafting Group HAPS-IMT chaired by Mr. Shiro Fukumoto (Japan) continued the work on co-channel sharing analysis involving IMT-Advanced systems using HAPS as base stations.

–	Adhoc Group on 4 800 MHz chaired by Dr. Hiroyuki Atarashi (Japan) discussed an analysis of conditions for the use of IMT in the frequency band 4 800-4 990 MHz in order to protect the aeronautical mobile service (AMS) as defined by RR No. 5.441B.

During its deliberations, SWG Sharing Studies produced 10 output documents as detailed in section 2 below.

2	Progress of work

2.1	IMT/BSS 1.5 GHz compatibility (WRC-19 agenda item 9.1, issue 9.1.2)

...

2.2	IMT/MSS 2 GHz coexistence (WRC-19 agenda item 9.1, issue 9.1.1)

...

2.3	3 300 MHz compatibility

...

2.4	IMT/MSS 1.5 GHz compatibility

Working Party 5D received three input contributions (Documents 5D/1256, 5D/1261 and 5D/1282) on this topic and updated the PDN Report (Document 5D/TEMP/781) and the working document for the PDN Recommendation (Document 5D/TEMP/765(Rev.1)).

Regarding the status of the report, it was pointed out that this was considered stable and ready for approval already at the last WP 5D meeting. However, new material and comments were then added by WP 4C which required further work to resolve. A number of issues were addressed during the DG sessions, but a few items were remaining where different views were expressed whether WP 5D can address them at the current meeting or whether they require more time. Offline discussions continued after the closing session of SWG Sharing Studies in order to try and resolve the remaining issues in time for the WG Spectrum Aspects meeting so that the report could then be elevated to Study Group 5.

Regarding the status of the recommendation, it was suggested that this could be elevated the first step to a preliminary draft new Recommendation. However, a number of concerns were expressed, and it was noted that the document still contains a large number of square brackets and Editor’s Notes and only about half of the document has so far been reviewed by WP 5D. Therefore, it was not possible to elevate the document to a preliminary draft new Recommendation. The detailed workplan was updated accordingly.

2.5	HAPS as IMT base stations

...

2.6	AAS antenna pattern modelling

...

2.7	4 800 MHz (protection of AMS and review of RR No. 5.441B)

...

2.8	Recommendation ITU-R SM.1448 and Appendix 7

...

2.9		Coordination zones for EESS and protection for RAS

...

[bookmark: _Hlk14162212]2.10	Report ITU-R BT.2382

...

2.11	Wireless power transmission via RF beam

...

2.12	Coexistence MSS/IMT in 2 655-2 690 MHz

...

2.13	Recommendation for compatibility with EESS at 26 GHz

...

2.14	Discontinuation of the work on IMT-FSS 3 300 MHz

...

3	Output documents

During its deliberations SWG Sharing Studies developed a total of 10 TEMP documents for consideration at WG Spectrum Aspects as follows:

TEMP documents for approval (5):

–	5D/TEMP/761(Rev.1)

–	5D/TEMP/762(Rev.1)

–	5D/TEMP/779

–	5D/TEMP/782

–	5D/TEMP/790(Rev.1)

TEMP documents to be attached to the Working Party 5D Chairman’s Report (4):

–	5D/TEMP/738

–	5D/TEMP/763

–	5D/TEMP/765(Rev.1)

–	5D/TEMP/781

TEMP documents to be included in Chapter 2 of the Working Party 5D Chairman’s Report (1):

–	5D/TEMP/780(Rev.1)

Input documents to be carried forward to the next Working Party 5D meeting: 5D/1203, 5D/1246, 5D/1257, 5D/1259, 5D/1262, 5D/1264, 5D/1265, 5D/1266, 5D/1270 and 5D/1281.

Finally I would like to thank all participants for their contributions to the work of SWG Sharing Studies and in particular Dr Atarashi, Mr Sirewu, Mr Oberauskas and Mr Fukumoto for their hard work in chairing the Drafting and Adhoc Groups and leading the offline discussions and work.
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Attachment 4.7

Source:	Document 5D/TEMP/765(Rev.1)

WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW RECOMMENDATION ITU-R M.[REC.MSS & IMT
L-BAND COMPATIBILITY]

Adjacent band compatibility studies of IMT-Advanced systems in the mobile
service in the band below 1 518 MHz with respect to systems in the mobile‑satellite service in the frequency band 1 518-1 525 MHz

[bookmark: _Hlk13562048]Note: The following table and leading text is from Attachment to Doc. 5D/1256 (Annex 12 to Document 4C/472) and is kept for further considerations and is intended to be removed once the issues have been addressed in the further drafting process.

Aspects for consideration in the development of a new Recommendation on IMT/MSS compatibility at 1 518 MHz.

[Editor’s note: this document (Annex 12 to Doc. 4C/472) does not indicate agreement on any particular item but is a list for future consideration.]



		Issue

		Aspects for consideration



		Guard band

		•	Need to specify whether from IMT or MSS, or both.

•	Need to suggest specific values in range 0-6 MHz.

•	Should take into consideration be consistent with Recommendation ITU-R M.1036.



		Base station emission limits (standard and enhanced?) 

		•	Ideally only a single option, but if multiple options, need to specify the applicable scenario for each.

•	Maximum frequency for unwanted emission limits TBD.

•	Need feedback from WP 5D on feasibility of meeting limits.



		UE emission limits

		•	Ideally only a single option, but if multiple options, need to specify the applicable scenario for each.

•	Maximum frequency for unwanted emission limits TBD.

•	Need feedback from WP 5D on feasibility of meeting limits.



		Protection measures for ship earth stations and aircraft earth stations

		•	Need for additional protection measures for ports/airports

•	May include pfd values and other measures (to be based on Report).



		IMT/MES equipment improvements

		[bookmark: _Hlk14087819]•	Should be a recommendation on MES blocking, possibly with options.

•	Need to talk about timing of implementation for MES.

•	Need to talk about timing of improvement in IMT UW emissions.





[Editor’s note WP 4C: This working document is a merging of contributions to the June 2019 WP 4C meeting.  The proposed revisions have not been discussed in detail or agreed but are included in the working document for further work at the next WP 4C and WP 5D meetings.]



___  Inmarsat (Doc. 4C/453)

___  UAE	(Doc. 4C/462)

___  DNK, F, LTH, S (Doc. 4C/465)

[Editor's note (WP 4C): views were expressed that the material in this working document is based on input contributions that have not been discussed in details nor agreed and should be reviewed once Report ITU-R M.[REP.MSS & IMT L-BAND COMPATIBILITY] is finalized. Other views were expressed that the material has been discussed and no need to stop working on the Recommendation pending the agreement the Report. The proponents of this view also noted that the work on ITU-R Recommendation related to IMT frequency arrangements Recommendation ITU-R M.1036 is depended on sharing studies in the Report.]

[Comment: As the Report is now almost complete, this note is no longer relevant.]

[UAE also proposes to delete the note above.]

[Editor's note (WP 4C): Resolution 223 (Rev.WRC-15) invites to develop harmonized frequency arrangement to facilitate IMT deployment in the frequency band 1 427-1 518 MHz taking into account the results of sharing and compatibility studies. Furthermore it invites to include the results of the studies in one or more ITU Recommendations. Consequently, additional elements may need to be added to the relevant part of this document.]

Scope

This document Recommendation provides describes a framework for adjacent band compatibility studies between satellite systems in the mobile-satellite service operating in the band 1 518‑1 525 MHz and IMT-Advanced systems potentially operating in the bands below 1 492-1 518 MHz in line with the Resolution 223 (Rev.WRC-15).

[Editor’s note WP 5D: find a place in the recommendation for the sentence: “The recommended protection measures also address compatibility with mobile earth stations operating in the band 1 525‑1 559 MHz.”]

This document describes a framework for adjacent band compatibility studies between satellite systems in the mobile-satellite service operating in the band 1 518‑1 525 MHz and IMT-systems operating in the band 1 492-1 518 MHz in line with the Resolution 223 (Rev.WRC-15).

Keywords

[TBD]

Abbreviations/Glossary

		BS

		Base Station



		e.i.r.p.

		Equivalent isotropically radiated power



		IMT

		International Mobile Telecommunications



		MES 

		Mobile Earth Station 



		p.f.d.

		Power flux density









Related ITU-R Recommendations/Reports

−	Working document towards a [preliminary] draft new Report ITU-R M.[REP.MSS & IMT L-BAND COMPATIBILITY] – Adjacent band compatibility studies of IMT-Advanced systems in the mobile service in the band below 1 518 MHz with respect to systems in the mobile-satellite service in the frequency band 1 518-1 525 MHz

−	Preliminary draft revision of Recommendation ITU-R M.1036-5 – Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) in the bands identified for IMT in the Radio Regulations (RR)



The ITU Radiocommunication Assembly,

considering

a)	that the frequency band 1 427-1 429 MHz is allocated to the mobile, except aeronautical mobile, service in all three Regions on a primary basis;

b)	that the frequency band 1 429-1 525 MHz is allocated to the mobile service in Regions 2 and 3 and to the mobile, except aeronautical mobile, service in Region 1 on a primary basis;

[Editor’s note WP 5D: may need to split frequency range in considering c)]

c)	that the frequency band 1 518-1 559 MHz is allocated in all three Regions to the mobile-satellite service (MSS) on a primary basis and is used for land MSS, maritime MSS and aeronautical MSS applications;

[d)	that the use of the band 1 518-1 525 MHz by mobile satellite service is subject to coordination subject to 9.11A and stations in the mobile satellite service shall not claim protection from stations in fixed service;]

de)	that WRC-15 identified the frequency band 1 427-1 518 MHz for use by administrations wishing to implement terrestrial IMT systems;

ef)	that there is a need to ensure the continued operations of the MSS in the frequency band 1 518-1 525 MHz;

f)	that appropriate technical measures to facilitate adjacent band compatibility between MSS in the frequency band 1 518-1 525 MHz and IMT in the frequency band 1 492-1 518 MHz have been studied;

g)	that there may be a need to provide protection for ensure compatibility between IMT and MES on land and at seaports and airports,.







recognizing

a)	that Resolution 223 (Rev.WRC-15) invites the ITU-R to conduct compatibility studies in order to provide technical measures to ensure coexistence between MSS in the frequency band 1 518‑1 525 MHz and IMT in the frequency band 1 492-1 518 MHz,





noting



b)	that [preliminary] draft new Report ITU-R M.[REP.MSS & IMT L-band COMPATIBILITY] contains the technical measures to ensure coexistence between MSS in the frequency band 1 518-1 525 MHz and IMT in the frequency band 1 492-1 518 MHz;

c)	that some studies in [preliminary] draft new Report ITU-R M.[REP.MSS & IMT L-band COMPATIBILITY] also contains technical measures that address compatibility with mobile earth stations operating in the band 1 525-1 559 MHz;

noting

[Editor’s note WP 5D: noting below needs to be reviewed after agreement on recommends is reached]



[a)	that administrations wishing to facilitate compatibility between IMT and MES, may need to apply additional mitigation techniques to IMT base stations and user terminals for those frequency assignments at the upper part of the 1 492-1 518 MHz frequency band to avoid harmful interference to MES;

a)	That administrations may apply additional mitigation techniques in order to facilitate the compatibility between IMT and MES.]

recommends

1	that IMT systems deployed in the band 1 492‑1 518 MHz and MSS systems deployed in the band 1 518-1 525 should take into account draft new Report ITU-R M.[REP.MSS & IMT L‑band COMPATIBILITY] containing the technical measures to ensure coexistence between MSS in the frequency band 1 518-1 525 MHz and IMT in the frequency band 1 492-1 518 MHz;

[Editor’s note (WP 4C): Issue was raised that further discussion is required on the text below as there is no agreement yet on any mitigation technique and hence recommends 2 may need to be reviewed.]



1	that administrations may consider additional frequency separation [below 1 518 MHz] (e.g. a total separation of 0 MHz to 6 MHz) when the two services are geographically collocated.

22	[that emissions from IMT base stations operating in the band 1 427492-1 518 MHz should not exceed the following levels[footnoteRef:1]:] [1:  Four options are provided, reflecting different views on which levels provide coexistence between IMT and MSS, based on the studies in Report ITU-R M.[REP.MSS & IMT L band COMPATIBILITY].] 


Option A (IMT can operate up to 1 517 MHz):

–	In-band emissions in the band 1 512-1 517 MHz: 58 dBm e.i.r.p.;

–	a)	[Unwanted emissions in the band 1 518-1 520 MHz: [TBD]-0.8 dBm/MHz e.i.r.p.,.;

–	b)	Unwanted emissions in the band 1 520-1 525 MHz: [TBD]-30 dBm/MHz e.i.r.p.;]

[Editor’s note (WP 4C): The MSS characteristics are the same in 1 518-1 520 MHz and 1 520‑1 525 MHz, and hence the technical basis of this segmentation is required.]

Option B (IMT can operate up to 1 518 MHz):

–	In-band emissions in the band 1 492-1 518 MHz: see limits in Annex 2;

–	Unwanted emissions in the band 1 518-1 525 MHz: -41 dBm/MHz e.i.r.p.

1	that emissions from IMT base stations operating in the band 1 427-1 518 MHz should not exceed the following levels:]

Option C (IMT can operate up to 1 517 MHz):

)	[

–	Base station power in 1 512-1 517 MHz should not exceed 58 dBm/5MHz e.i.r.p.; 



–	Unwanted emissions in the band 1 518-1 520 MHz: [TBD]-30 dBm/MHz e.i.r.p..,;

–	b)	Unwanted emissions in the band 1 520-1 525 MHz: [TBD]-41 dBm/MHz e.i.r.p;.;]

–	Unwanted emissions at 1 525 MHz: -52 dBm/MHz e.i.r.p.

Option D (IMT can operate up to 1 517 MHz):

–	Unwanted emissions in the band 1 520-1 525 MHz: -30 dBm/MHz e.i.r.p.;

[Editor’s note WP 5D: there may be a need for new recommends that would cover frequency range 1 525-1 559 MHz for IMT BS emissions.]

2	that, for the protection of MSS land mobile earth stations in the frequency band 1 518-1 525 MHz from emissions of the IMT in the frequency band 1 492-1 518 MHz, administrations may apply the provisions contained in Annex A.

2	that, for the protection of MSS land mobile earth stations in the frequency band 1 518-1 525 MHz from emissions of the IMT in the frequency band 1 492-1 518 MHz, administrations may apply the provisions contained in Annex A[Inmarsat comment: The proposed Annex A emission limits are covered by Option A above] [source Doc. 5D/1282]

5	that where administrations wish to provide enhanced level of protection of land earth stations, there may be a need to apply additional mitigation techniques to IMT BSs and terminals for the frequencies at the top end of the 1 492-1 518 MHz frequency band to avoid harmful interference to MESs including:

5	that where administrations wish to provide enhanced level of protection of land earth stations, in alternative to Annex A and Annex B, administrations may consider the mitigation techniques contained in Annex C. 

33	that emissions from IMT terminal user equipment transmitting operating in the band 1 427-1 518 MHz should comply with not exceed the following levels:

[Editor’s note WP 5D: there may be a need for new recommends that would cover frequency range 1 525-1 559 MHz for IMT UE emissions.]

Option E:

–	In-band emissions in the band 1 512-1 517 MHz should not exceed 20 dBm e.i.r.p.;

–	a)	Unwanted emissions in the band 1 518-1 52025 MHz should not exceed: [TBD-70] dBm/MHz e.i.r.p.,.;

–	Not be used within 10m of a ship earth station[footnoteRef:2]. [2:  This distance is applicable for next generation ship earth stations that meet the new blocking resilience requirements.] 


b)	Unwanted emissions in the band 1 520-1 525 MHz: [TBD]/MHz e.i.r.p.;

Option F:

–	Unwanted emissions in the band 1 520-1 525 MHz: -20 dBm/MHz e.i.r.p.

[Editor’s note WP 5D: the material below has not been discussed in detail and need further work at the next WP 5D meeting.]

44	[that, irrespective of the IMT station emission limits that administrations may adopt, where administrations wishing to provide protection of ship earth stations in harbours, or aircraft earth stations in their areas of operation  at airports, may need to apply there may be a need to apply additional mitigation techniques to IMT BSs in the vicinity of seaports and airports those areas (including seaports and airports) for the frequencies at the top end of the in the band 1 492‑1 518 MHz frequency band to avoid harmful interference to MESs as shown in Annex 1;]

4	that, irrespective of the IMT station emission limits that administrations may adopt, administrations wishing to provide protection of ship earth stations, or aircraft earth stations in their areas of operation  may need to apply additional mitigation techniques to IMT BSs in the vicinity of those areas (including seaports and airports) for the frequencies in the band 1 492‑1 518 MHz to avoid harmful interference to MESs as shown in Annex 1 or Annex 4; [Inmarsat comment: some further explanation will be required to guide administrations regarding appropriateness of the Annex 4 pfd values]; [source Doc. 5D/1282]

3	that that administrations administrations may wishing to provide additional protection to of ship earth stations and  in harbours, or aircraft earth stations at airports in their areas of operation.may need to apply additional mitigation techniques to IMT BSs in the vicinity of seaports and airports for the frequencies at the top end of the 1 492‑1 518 MHz frequency band to avoid harmful interference to MESs as shown in Annex 2;]

3	that administrations may wish to provide additional protection to ship earth stations and  aircraft earth stations in their areas of operation.[Inmarsat comment: this provision is covered by the recommends 4 above] [source 5D/1282]

3	that where administrations wish to provide protection of ship earth stations in harbours, or aircraft earth stations at airports, they may consider additional mitigation techniques with respect to Annex A, contained in Annex B,

3 	that where administrations wish to provide protection of ship earth stations in harbours, or aircraft earth stations at airports, they may consider additional mitigation techniques with respect to Annex A, contained in Annex B[Inmarsat comment: this provision is covered by the recommends 4 above] [source Doc. 5D/1282]

5	that where administrations wish to provide enhanced level of protection of land earth stations, there may be a need to apply additional mitigation techniques to IMT BSs and terminals for the frequencies at the top end of the 1 492-1 518 MHz frequency band to avoid harmful interference to MESs including:

a)	limit on IMT base station emissions in the band 1 512-1 517 MHz: [TBD] dBm e.i.r.p;

b)	limit on IMT terminal emissions in the band 1 512-1 517 MHz: [TBD] dBm e.i.r.p;

c)	[additional measures TBD]].

[UAE also propose to remove resolves 4]

[Doc. 5D/1282 (Inmarsat) proposes to remove resolves 4.]

4	that, next generation MESs should meet receiver blocking requirements given in Annex 3; [source Doc. 5D/1282].

[Editor’s note WP 5D: the issue of blocking requirements of the MES receiver in recommends needs further considerations at the next WP 5D meeting. Some views there expressed that the value for MES receiver blocking characteristics is subject to the standard adopted by the national standardisation body of each Administration. On the other hand, Annex 12 of WP 4C Chairman’s Report (Doc. 4C/472) indicates that there “should be a recommendation on MES blocking, possibly with options”.]






[UAE also proposes to remove Annex 1.]

[Doc. 5D/1282 (Inmarsat) proposes to remove Annex 1.]





























[Editor’s note (WP 4C): This annex may be better reflected in the recommends part.]

ANNEX 1

[UAE proposes to remove this Annex.]

[Doc. 5D/1282 (Inmarsat) proposes to keep this Annex.]

IMT Base Station pfd Limits to protect maritime and aeronautical MESs

In order to provide protection of maritime and aeronautical terminals in their areas of operation, it is recommended to apply a protection measure based on pfd limits on the IMT BS transmission. The pfd limits to protect maritime operations would be applied to the boundary of area where ships use MES terminals, which means ports, coastal areas, and some inland waterways. The pfd limits to protect aeronautical operations would be applied to the boundary of the area where aircraft operate on the ground, which means most international airports, some national airports and some maintenance facilities. This assumes there will be no IMT BS located at sea or on aerial platforms in the band 1 427-1 518 MHz.

The pfd limits should be applied in two phases. For phase 1, the pfd limits are based on the measured blocking performance of heavily deployed maritime and aeronautical terminals currently operating in the field. The blocking criteria with respect to IMT emissions in the band 1 512-1 517 MHz is -76 dBm for currently operating maritime terminals and is -50.3 dBm for currently operating aeronautical terminals.  For phase 2, the pfd limits are based on next generation terminals, which are expected to be more resilient and hence would lead to more relaxed constraints on IMT BSs.  The blocking criteria with respect to IMT emissions in the band 1 512‑1 517 MHz is -30 dBm for next generation maritime and aeronautical terminals.

More detail of the blocking criteria and the derivation of the pfd limits is provided in draft new Report ITU-R M.[REP.MSS & IMT L band COMPATIBILITY].



[Editor’s note (WP 4C): Numbers are in square brackets below, as more discussion is required on their derivation.] [Inmarsat comment: In Inmarsat’s view, the square brackets in the tables below can be removed.]

Table A1-1

pfd limits for IMT BS with single IMT channel transmission

		Phase

		

		Phase 1

		Phase 2



		

		MSS terminal antenna gain (dBi)

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)



		Ports and inland waterways

		3

		[−-60.9]

		[-75.9]

		[-83.9]

		No limit required[footnoteRef:3] [3:  No pfd limit is required during Phase 2 for BS emissions in the band 1 492-1 502 MHz provided that BS e.i.r.p. does not exceed 68 dBm.] 


		[-27.9]

		[-37.9]



		

		19

		[-76.9]

		[-91.9]

		[-99.9]

		No limit required

		[-43.9]

		[-53.9]



		Airports

		3

		[-28.9]

		[-42.9]

		[-58.2]

		No limit required

		[-27.9]

		[-37.9]



		

		17

		[-42.9]

		[-56.9]

		[-72.2]

		No limit required

		[-41.9]

		[-51.9]







These pfd values are based on an MES with a range of antenna gain values. There are some cases where the antenna gain towards the horizon can exceed 3 dBi, in particular where high gain aeronautical MES antennas (maximum 17 dBi) and high gain maritime MES antennas (maximum 19 dBi) are used with a low elevation angle towards the satellite. Pfd. values for these cases are included in the table.

Table A1-2

pfd limits on IMT BS with multiple IMT channel transmissions

		Phase

		MSS terminal antenna gain (dBi)

		Phase 1

		Phase 2



		

		

		pfd limit for emissions in the band 1 492‑1 512 MHz (dBW/m2)

		pfd limit for emissions in the band 1 512-1 517 MHz (dBW/m2)

		pfd limit for emissions in the band 1 492-1 512 MHz (dBW/m2)

		pfd limit for emissions in the band 1 512-1 517 MHz (dBW/m2)



		Ports and inland waterways

		3

		[-74.9]

		[-85.9]

		[-30.9]

		[-40.9]



		

		19

		[-90.9]

		[-101.9]

		[-46.9]

		[-56.9]



		Airports

		3

		[-53.5]

		[-63.4]

		[-30.9]

		[-40.9]



		

		17

		[-67.5]

		[-77.4]

		[-44.9]

		[-54.9]







These pfd values are based on an MES with a range of antenna gain values. There are some cases where the antenna gain towards the horizon can exceed 3 dBi, in particular where high gain aeronautical MES antennas (maximum 17 dBi) and high gain maritime MES antennas (maximum 19 dBi) are used with a low elevation angle towards the satellite. Pfd. values for these cases are included in the table.


ANNEX 2

IMT Base Station e.i.r.p. limits to protect current and
next generation land MESs

In order to provide protection of land MSS terminals, it is recommended to apply a protection measure based on e.i.r.p. limits to the IMT BS. The limits would provide adequate protection to land MESs operating in the same area as IMT systems. The e.i.r.p. limits should be applied in two phases. For phase 1, the limits are based on the measured blocking performance of current land MESs. For phase 2 the limits are based on next generation terminals which are expected to be more resilient and hence lead to more relaxed constraints on IMT BSs. The tables below provide flexibility to administrations in deploying the protection levels. Depending on the terrestrial IMT frequency arrangement, and IMT base station deployment scenario, the base station e.i.r.p. values to provide coexistence are shown below.

[Inmarsat comment: In Inmarsat’s view, the square brackets in the tables below can be removed.]

Table A2-1

Proposed IMT BS e.i.r.p. levels to protect current land MESs and their blocking performances
at different IMT frequencies

		Frequency of upper edge of IMT BS channel (MHz)

		Measured MES blocking performance (dBm)

		Maximum e.i.r.p. from IMT base station (dBm)-Rural deployment

		Maximum e.i.r.p. from IMT base station (dBm)-Suburban deployment

		Maximum e.i.r.p. from IMT base station (dBm)-Urban deployment



		1 518

		-63

		[19.5]

		[7]

		[5.5]



		1 517

		-63

		[19.5]

		[7]

		[5.5]



		1 515

		-60

		[22.5]

		[10]

		[8.5]



		1 512

		-56

		[26.5]

		[14]

		[12.5]



		1 510

		-53

		[29.5]

		[17]

		[15.5]



		1 507

		-49

		[33.5]

		[21]

		[19.5]



		1 502

		-41

		[41.5]

		[29]

		[27.5]





Note: values for intermediate frequencies may be determined by interpolation.




Table A2-2

Proposed IMT BS e.i.r.p. levels to protect next generation land MESs and their blocking performances
at different IMT frequencies

		Frequency of upper edge of IMT BS channel (MHz)

		Measured MES blocking performance (dBm)

		Maximum e.i.r.p. from IMT base station (dBm) -Rural deployment

		Maximum e.i.r.p. from IMT base station (dBm) -Suburban deployment

		Maximum e.i.r.p. from IMT base station (dBm) -Urban deployment



		1 518

		-50

		[32.5]

		[20]

		[18.5]



		1 517

		-33

		[49.5]

		[37]

		[35.5]



		1 515

		-27

		[55.5]

		[43]

		[41.5]



		1 512

		-18

		[64.5]

		[52]

		[50.5]



		1 510

		-15

		[67.5]

		[55]

		[53.5]



		1 507

		-14

		[68.5]

		[56]

		[54.5]



		1 502

		N/A

		[N/A]

		[N/A]

		[N/A]





Note: values for intermediate frequencies may be determined by interpolation.




ANNEX A

The following conditions are to be applied simultaneously:

a)	the minimum in-band blocking characteristic for land mobile earth stations receivers from a 5 MHz broadband IMT operating below 1 518 MHz shall be -30 dBm above 20 MHz (when the MES operates above 1 520 MHz)[should be contained in a separate recommends][may be a need for options]

b)	the IMT base station unwanted emission limits e.i.r.p. for a broadband signal interferer operating below 1 518 MHz shall be -30 dBm/MHz above 1 520 MHz.

[Source Doc. 5D/1282.]



a)	the minimum in-band blocking characteristic for next generation mobile earth stations receivers from a 5 MHz broadband IMT signal operating below 1 517 MHz should be −30 dBm (when the MES operates above 1 520 MHz) 



ANNEX B

In order to protect provide protection of ship earth stations in harbours, or aircraft earth stations at airports, administrations may apply the measures contained in this Annex.

The measures consist of a two-phase approach. Phase 1 and Phase two are consecutive in time.

Two possible options are presented. The first option (Option A below) is related to terminals and operational conditions predominant in Region 1, the second (Option 2 below) to terminals and conditions outside Region 2.

[Inmarsat comment: the pfd limits below in Option A are included in the limits in Annex 1, and so it is proposed to remove them from this Annex] [source 5D/1282]

Option A (CEPT case)

–	During phase 1, in order to protect existing terminals, administrations can ensure that certain PFD coordination thresholds (described in Table 1 and 2 below) are met at the location of MES terminals. For phase 1, the PFD limits are based on the blocking measurements of the most susceptible terminal performed by some manufacturers. This phase, therefore, is aimed at the protection of legacy terminals. Phase 1 is supposed to last for an amount of time that the administration deems practical for the upgrade of terminals to the blocking performance required in phase 2.

–	During phase 2, administrations will require an enhanced blocking performance to MESs. During this phase, administrations will ensure new pfd coordination thresholds, corresponding to the enhanced performance of the MESs (described in Table 1 AND 2 below) are met at the location of MES. For phase 2, the pfd limits in Table 1 are based on −20 dBm and −30 dBm blocking levels resulting from the band 1 502-1 512 MHz and the band 1 512-1 517 MHz respectively; and the pfd limits in Table 2 are based on −23 dBm and −33 dBm blocking levels resulting from the band 1 492-1 512 MHz and the band 1 512-1 517 MHz respectively.

Table 1

pfd limits on MFCN BS transmitting a single channel

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492‑1 502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502‑1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512‑1 517 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 492‑1502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502‑1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512‑1 517 MHz (dBW/m2)



		Ports and waterways 

		-60.9

		-75.9

		-83.9

		No limit required

		-27.9

		-37.9



		Airports 

		-32.9

		-42.9

		-58.2

		No limit required

		-27.9

		-37.9







Table 2

pfd limits on MFCN BS transmitting multiple channels

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 492-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/ m2)



		Ports and waterways 

		-74.9

		-85.9

		-30.9

		-40.9



		Airports 

		-53.5

		-63.4

		-30.9

		-40.9







Option B (case outside CEPT)

The pfd limits in this Annex are based on measurements of MSS terminals conducted by FCC. FCC document FCC 05-30, paragraph 63 based on CDMA-2000 instead of OFDM considered −52 dBm for 1-2 MHz frequency separation; −50 dBm would provide better protection for a larger frequency separation for the case of CEPT. It should be noted that Inmarsat C and Inmarsat aeronautical terminals are not included in this test.

[Inmarsat comment: given that WP 4C raised some questions on the measurements used as the basis for the tables below, further context regarding the applicability of the values below may be necessary] [source Doc. 5D/1282]

Table 3

pfd limits on MFCN BS transmitting a single channel

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492‑1 502 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 502 1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512 1 517 MHz (dBm/m2) 

		pfd limit for BS emissions in the band 1 492‑1 502 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 502‑1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512‑1 517 MHz (dBm/m2)



		Ports and inland waterways 

		−12.9

		−12.9

		−27.9

		No limit required

		2.1

		-7.9



		Airports 

		−12.9

		-12.9

		−27.9

		No limit required

		2.1

		-7.9







Table 4

pfd limits on MFCN BS transmitting multiple channels

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBm/m2) 

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBm/m2)



		Ports and inland waterways 

		-12.9

		-12.9

		-27.9

		No limit required

		2.1

		-7.9



		Airports 

		-12.9

		-12.9

		-27.9

		No limit required

		2.1

		-7.9
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attachment 4.4

Source:	Document 5D/TEMP/781

[bookmark: _Hlk14105235][preliminary] draft new
Report ITU-R M.[REP.MSS & IMT L-band COMPATIBILITY]

Adjacent band compatibility studies of IMT-Advanced systems in the mobile
service in the band below 1 518 MHz with respect to systems in the 
mobile-satellite service in the frequency band 1 518-1 525 MHz

[Editor’s note WP 4C: the level of details of the studies should enable reproduction of the study.]

1	Introduction

The frequency band 1 518-1 525 MHz is allocated in all three Regions to the mobile-satellite service (MSS) on a primary basis in Radio Regulations (RR). Since WRC-15 has identified the frequency band 1 427‑1 518 MHz for use by administrations wishing to implement terrestrial IMT systems, and considering that there is a need to ensure the continued operations of the MSS in the frequency band 1 518-1 525 MHz, Resolution 223 (Rev.WRC-15) invites the ITU-R to conduct compatibility studies in order to provide technical measures to ensure coexistence between MSS in the frequency band 1 518-1 525 MHz and IMT in the frequency band 1 492-1 518 MHz.

2	Background

The frequency band 1 518-1 525 MHz (space-to-Earth) was allocated to the MSS at WRC‑03, adjacent to the MSS allocation in 1 525-1 559 MHz and is subject to the provisions in RR No. 5.348, 5.348A, 5.348B and 5.351A. 

The 1 525‑1 559 MHz frequency band is also identified as being available for the satellite component of IMT and the services offered by MSS operators include part of the satellite component for IMT‑2000, as defined by Recommendation ITU-R M.1850-2.

WRC-15 identified the band 1 427-1 518 MHz for the use of IMT, and adopted Resolution 223 (Rev.WRC-15) which considers the need to ensure the continued operations of the MSS in the frequency band 1 518-1 525 MHz, and invites ITU-R to conduct compatibility studies in order to provide technical measures to ensure coexistence between MSS in the frequency band 1 518‑1 525 MHz and IMT in the frequency band 1 492-1 518 MHz.



[Editor’s note (WP 5D): the paragraph was moved to Section 5.]

In addition to the studies in response of invites 1 of the Resolution 223 (Rev.WRC-15) it is noted that some studies in this Report also address the potential interference due to blocking of MESs operating in the frequency band 1 525-1 559 MHz, including ship earth stations used in the GMDSS in the frequency band 1 530-1 544 MHz (RR footnote No. 5.353A) and aircraft earth stations under MSS allocation in the band 1 525-1 559 MHz, noting that priority is given to the AMS(R)S in coordination in the band 1 545-1 555 MHz (see RR No. 5.357A).

[Editor’s note (WP 4C, June 2019): the issue of potential interference from IMT 1492-1518 MHz band to RNSS receivers in the 1559-1610 MHz band was raised, and needs to be further discussed by WP 4C at the next meeting]

[Editor’s note (WP 5D): concerns were raised that interference to RNSS receivers is outside of the scope of Resolutions 223 (Rev.WRC-15) and this Report.]

3	Technical characteristics

3.1	Mobile earth station (MES) parameters

MESs in this band may be operated on land, on aircraft and on ships. Recommendation ITU-R M.1184-3 contains a range of characteristics of MSS systems operating in these bands. MSS characteristics are provided below.

The characteristics are within the range of those contained in the Recommendation but may not be worst case from an interference perspective.

TABLE 1

MSS terminal characteristics

		

		MSS-1
(example based on GMR2)

		MSS-2
(GMR1 example based on voice)

		MSS-3
(GMR1 example based on data)



		MES receiver system noise temp (K)

		316

		340

		320



		Polarisation

		Circular

		Circular

		Circular



		MES reference bandwidth (kHz)

		200

		31.25

		156.25



		MES noise in reference BW (dBW)

		–150.6

		–158.9

		–151.9



		ACS (dB)

		30

		30

		30



		Protection criteria used in the studies (I/N) (dB)

		-20, -15.2, -10, -6







[bookmark: _Hlk13999546]This Report has used various values for interference criteria to address out-of-band emissions (OOB emissions or OOBE) from IMT into MSS, as currently there is no ITU-R Recommendation addressing the protection criteria for MSS from terrestrial service. More information on the protection criteria used in the studies can be found in Annex 4.



[Editor’s note WP 4C: No MCL studies provided yet and the following section may need to be reviewed.]



For the interference analysis from IMT UEs to MESs, with a TDD frequency arrangement, it is proposed that the following criteria can be used to assess the maximum level of UE out-of-band emissions above 1 518 MHz. For the MCL analysis, the proposed criterion is: 

		Maximum I/N (dB)

		−20/−15.2, −6/−10



		Minimum separation distance from UE to MES

		10 m







For a Monte Carlo analysis, the proposed criterion is:

		Maximum I/N (dB)

		−20/−15.2, −6/−10



		To be met for x% locations/time

		x=99%







Some studies in this Report considered potential interference due to blocking of GMR-1 and GMR-2 MES receivers. Other values of blocking requirements are also used in this report in order to do the studies with range of blocking characteristics, also reflecting expectations of improved blocking performance of future terminals. Further information on receiver blocking characteristics are contained in Annex 4.

It is proposed to use the antenna gains and patterns as presented in Table 2. All antenna patterns are average sidelobe levels.

Table 2

MES maximum antenna gain for the different scenarios

		Scenario

		Antenna gain in dBi

		Antenna pattern



		Land

		1

		Non directional



		

		3

		Figure A1-3
(see Annex 1)



		

		17.5

		Figure A1-2
(see Annex 1)



		

		12

		Figure A1-4
(see Annex 1)



		

		6

		Figure A1-5
(see Annex 1)



		

		16

		Figure A1-6
(see Annex 1)



		

		32

		See Appendix 8 of Radio Regulations antenna pattern



		Sea (maritime)

		3

		Figure A1-3 
(see Annex 1)



		

		21

		Figure A1-1
(see Annex 1)



		

		1

		Non directional



		

		12

		Figure A1-4
(see Annex 1)



		

		6

		Figure A1-5
(see Annex 1)



		

		16

		Figure A1-6
(see Annex 1)



		Air (aeronautical)

		3

		Figure A1-3
(see Annex 1)



		

		17.5

		Figure A1-2
(see Annex 1)







3.2	IMT parameters

The characteristics of IMT-Advanced macro base station are in accordance to Report ITU-R M.2292-2 and are contained in Tables 7 and 8 below. The IMT BS OOB emission levels and spectrum emission mask are contained in 3GPP TS 36.104 v.11.2.0. The UE OOB emission levels and spectrum emission mask are contained in 3GPP TS 36.101 v.11.2.0. For study purpose channel bandwidth 5, 10 MHz will be considered for IMT, however other channel bandwidth values may be also considered.

Table 3

IMT base station unwanted emission limits 
(according to 3GPP 36.104 v.11.2.0, Table 6.6.3.2.2-1 (Category B, Option 2))

		Frequency offset of measurement filter −3dB point, Δf

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz ≤ Δf < 0.2 MHz

		0.015 MHz ≤ f_offset 
< 0.215 MHz

		–14 dBm

		30 kHz



		0.2 MHz ≤ Δf < 1 MHz

		0.215 MHz ≤ f_offset 
< 1.015MHz

		



		30 kHz



		(Note 5)

		1.01 5MHz ≤ f_offset 
< 1.5 MHz

		–26 dBm

		30 kHz



		1 MHz ≤ Δf ≤ min (10 MHz, Δfmax)

		1.5 MHz ≤ f_offset < min (10.5 MHz, f_offsetmax)

		–13 dBm

		1 MHz



		10 MHz ≤ Δf ≤ Δfmax

		10.5 MHz ≤ f_offset 
< f_offsetmax

		–15 dBm (Note 6)

		1 MHz







Table 4

IMT base station OOB e.i.r.p. values used in the studies

		Frequency Separation from channel edge

		0-1 MHz

		1-3 MHz

		>3 MHz



		Rural

		–0.8 dBm/MHz

		–0.8 dBm/MHz

		–30 dBm/MHz



		Suburban/Urban

		–2.8 dBm/MHz

		–2.8 dBm/MHz

		–32 dBm/MHz







Table 5

IMT base station OOB e.i.r.p. values used in the studies

		Frequency Separation
from channel edge

		Rural
used in Study B

		Suburban/Urban
used in Studies A, B



		1 MHz

		–0.8 dBm/MHz

		–2.8 dBm/MHz



		3 MHz

		–30 dBm/MHz

		–32 dBm/MHz



		6 MHz

		–33 dBm/MHz

		–35 dBm/MHz



		13 MHz

		–40 dBm/MHz

		–42 dBm/MHz



		43 MHz

		–60 dBm/MHz

		–62 dBm/MHz



		70 MHz

		–78 dBm/MHz

		–80 dBm/MHz



		73 MHz

		–80 dBm/MHz

		–80 dBm/MHz



		80 MHz

		–80 dBm/MHz

		–80 dBm/MHz







Table 6

IMT UE OOB e.i.r.p. values used in the studies

		Study

		Frequency Separation
from channel edge

		Rural/Suburban/Urban



		Study C

		2 MHz

		–20 and –30 dBm/MHz



		Study E

		0 MHz

		-74 up to -25 dBm/MHz



		Study F

		0 MHz

		–80 up to –20 dBm/MHz



		Study G

		0 MHz

		-20 dBm/MHz







Table 7

IMT-Advanced specification related parameters

		

		

		IMT-Advanced 



		

		Duplex mode

		FDD

		TDD



		No.

		Parameter

		Base station

		Mobile station

		Base station

		Mobile station



		1

		Access technique

		OFDM

		SC-FDMA

		OFDM

		SC-FDMA







Table 8

Deployment parameters of the terrestrial IMT-Advanced system

		

		Macro rural

		Macro suburban

		Macro
urban

		Small cell outdoor/
Micro urban



		Base station characteristics/Cell structure



		Cell radius/ Deployment density (for bands between 1 and 2 GHz)

		> 3 km
(typical figure to be used in sharing studies 5 km)

		0.5-3 km
(typical figure to be used in sharing studies 1 km)

		0.25-1 km
(typical figure to be used in sharing studies 0.5 km)

		1-3 per urban macro cell
<1 per suburban macro site



		Cell radius/ Deployment density (for bands between 2 and 3 GHz)

		> 2 km
(typical figure to be used in sharing studies 4 km)

		0.4-2.5 km
(typical figure to be used in sharing studies 0.8 km)

		0.2-0.8 km
(typical figure to be used in sharing studies 0.4 km)

		1-3 per urban macro cell
<1 per suburban macro site



		Antenna height

		30 m

		30 m 
(1-2 GHz)

25 m 
(2-3 GHz)

		25 m 
(1-2 GHz)

20 m 
(2-3 GHz)

		6 m



		Sectorization

		3 sectors

		3 sectors

		3 sectors

		Single sector



		Downtilt

		3 degrees

		6 degrees

		10 degrees

		n.a.



		Frequency reuse

		1

		1

		1

		1



		Antenna pattern

		Recommendation ITU-R F.1336 (recommends 3.1) 
	ka = 0.7

	kp = 0.7

	kh = 0.7

	kv = 0.3

Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.

		Recommendation ITU-R F.1336-4 (omni : recommends 2)



		Antenna polarization

		Linear/±45 degrees

		Linear/±45 degrees

		Linear/±45 degrees

		Linear



		Indoor base station deployment

		n.a.

		n.a.

		n.a.

		n.a.



		Indoor base station penetration loss

		n.a.

		n.a.

		n.a.

		n.a.



		Below rooftop base station antenna deployment

		0%

		0%

		30% (1-2 GHz)

50% (2-3 GHz)

		100%



		Feeder loss

		3 dB

		3 dB

		3 dB

		n.a



		Maximum base station output power (5/10/20 MHz)

		43/46/46 dBm

		43/46/46 dBm

		43/46/46 dBm

		35 dBm



		Maximum base station antenna gain

		18 dBi

		16 dBi

		16 dBi

		5 dBi



		Maximum base station output power/sector (e.i.r.p.)

		58/61/61 dBm

		56/59/59 dBm

		56/59/59 dBm

		40 dBm



		Average base station activity

		50%

		50%

		50%

		50%



		Average base station power/sector taking into account activity factor

		55/58/58 dBm

		53/56/56 dBm

		53/56/56 dBm

		37 dBm



		User terminal characteristics



		Indoor user terminal usage

		50%

		70%

		70%

		70%



		Indoor user terminal penetration loss

		15 dB

		20 dB

		20 dB

		20 dB



		User terminal density in active mode

		0.17/
5 MHz/km2

		2.16/
5 MHz/km2

		3/5 MHz/km2

		3/5 MHz/km2



		Maximum user terminal output power

		23 dBm

		23 dBm

		23 dBm

		23 dBm



		Average user terminal output power

		2 dBm

		–9 dBm

		–9 dBm

		–9 dBm



		Typical antenna gain for user terminals

		–3 dBi

		–3 dBi

		–3 dBi

		–3 dBi



		Body loss

		4 dB

		4 dB

		4 dB

		4 dB







3.3	Scenario

Interference from IMT base station and user equipment into MSS terminals may occur for the following reasons:

1	IMT unwanted emissions: IMT unwanted emissions into the MSS band above 1 518 MHz increasing the MSS receiver noise floor thereby degrading the receivers sensitivity.

2	Overload/blocking: IMT signal below 1 518 MHz causing overload/blocking inside the MSS receiver.

3.4	Propagation models

An appropriate propagation model will need to be used. It may be necessary to use different propagation model assumptions for each of the three scenarios: maritime, aeronautical and land.

Different models can be used for terrestrial path (land/maritime analysis) and can be summarized as follow:

–	Recommendation ITU-R P.452-16 is a path specific interference prediction method which requires a terrain profile. It operates correctly with a smooth Earth profile, it should be noted that this is not equivalent to a path general model such as in Rec. ITU‑R P.1546-5. Recommendation ITU-R P.452-16 predicts median signal levels and enhancements exceeded down to p=0.001% time. 

–	Recommendation ITU-R P.2001-2 is an alternative to Rec. ITU-R P.452-16 which is especially suitable for Monte Carlo simulations. This Recommendation predicts across the entire probability range for enhancements exceeded p=0.001% time to fades exceeded p=0.001% time.

–	Recommendation ITU-R P.1546-5 is a path general terrestrial model derived from measurements over gently rolling terrain and is valid up to 3 GHz. This Recommendation predicts median signal levels and enhancements exceeded down to p=1% time.

–	Recommendation ITU-R P.1812-4 can also be used in the cases of rural areas where the clutter is less than 10 m.

Land BS into MES

–	Rural case – Recommendation ITU-R P.1546-5, and Recommendation ITU-R P.1812-4 for lower clutter height than 10 m.

–	Suburban case – Recommendation ITU-R P.1546-5 with 10 m clutter height.

–	Urban case – Recommendation ITU-R P.1546-5 with 20 m clutter height.

All of these scenarios are carried out with 50% location variability and 50% time.

Annex 2 contains a short description of the considerations that has gone into the selection of propagation models and the associated clutter height.

Sea (maritime)

Recommendation ITU-R P.452-16 with 50% time. For the sea case, interference from a rural IMT base station only is considered. 

Air (aeronautical)

Recommendation ITU-R P.525-2 (i.e. free space loss) is used to consider cases of interference to an AES in flight.

To consider potential interference to an AES located on an aircraft at an airport, analysis of interference to an AES located 10 m a.g.l. is also made in the land-rural environment. 

4	Methodology

Two methodologies have been used in this Report, Minimum Coupling Loss (MCL) and Monte Carlo.

4.1	Minimum Coupling Loss (MCL)

The Minimum Coupling Loss is calculated with the antenna in boresight to each other and taking into account frequency separation. The corresponding separation distance at which each interference criterion is just met is then calculated taking into account the discrimination of both antennas and the frequency separation.

4.2.1	For assessment of interference due to IMT unwanted emissions

The interference from IMT unwanted emissions is evaluated using the following formula:

	(1)

where:

	 	is the IMT unwanted emissions interferer power at the MES receiver;

	 	is the maximum transmitted power by the interferer falling within the channel bandwidth of the MES receiver;

	 	is the IMT base station feeder loss;

	 	is the peak gain of the transmitter antenna (the interferer);

	 	is the gain of the transmitter antenna in the direction of the MES, relative to the peak value.

	 	is the peak gain of the receiver antenna (the victim);

	 	is the gain of the receiver antenna in the direction of the IMT BStransmitter, relative to the peak value.

	 	is the loss due to the propagation;

	 	is the polarization loss;

	 	are the coupling losses and are given by the following formula:

			(2)

The maximum allowed interference power at the MES receiver is given by:

			(3)

where:

	 	is the maximum acceptable IMT unwanted emissions interferer power at the MES receiver;

	 	is the receiver thermal noise power;

	 	is the interference criterion.

The minimum coupling loss (MCL) to meet the criterion can be therefore calculated as:

			(4)

In this study, the coupling losses are determined as a function of the separation distance between the IMT base stationtransmitter and the MES.

4.2.2	For assessment of blocking of MES receivers

The interferer power from the IMT system into the MES receiver has been calculated using the following formula:

 	(5)

where:

	 	is the IMT interferer power at the MES receiver;

		is the in-band transmitted power by the interferer;

	 	is the IMT base station feeder loss;

	 	is the peak gain of the transmitter antenna;

	 	is the gain of the transmitter antenna in the direction of the MES, relative to the peak value;

	 	is the peak gain of the receiver antenna;

	 	is the gain of the receiver antenna in the direction of the IMT BStransmitter, relative to the peak value;

	 	is the loss due to the propagation;

	 	is the polarisation loss;

	 	are the coupling losses and are given by the following formula:

			(6)

The minimum coupling loss (MCL) to meet the criterion can be therefore calculated as:

			(7)

	 	is maximum allowed interference power at the MES receiver.

[Editor’s note WP 4C: Section 5.2 need to be carefully reviewed.]



4.2	Statistical analysis

Monte Carlo simulations have been developed to supplement the information available from the Minimum Coupling Loss calculations and to provide information about what the risk of interference is to a user when both the interferer and the victim system are operating under as close to normal conditions as possible.

In the performed Monte Carlo analysis, it is assumed that the MES may be located at any location within the IMT coverage area. By randomising the location of the MESs and determining the interference at each location, the probability of interference can be assessed.

This addresses the interference probability for a mobile (MES) user and is also taking into account that the MSS system will allocate a channel from within the MSS band to that user. 

The deployment of the IMT network is based on the information in Report ITU-R M.2292. The typical macro cell coverage is formed of three hexagons, as illustrated in Figure 1.

Figure 1

Macro cell geometry (A is the cell radius and B is the inter-site distance)

[image: ]

4.2.1	Monte Carlo analysis for interference from IMT base station into MSS:

Monte Carlo simulations have been developed to provide information about the probability of interference from BS into the MSS in adjacent band for the cases of FDD, SDL and downlink part of TDD.

For the maritime environment the scenarios of interest are where there is cover of a sea area that emanates from rural IMT base stations located inland or a coastal IMT base station which in this location would normally only have two sectors. IMT (SDL) do not generally cover water areas deliberately, it is not cost effective to do so as there is far too little traffic to justify SDL coverage. Rural IMT base stations are considered because base stations covering suburban and urban areas have too much down tilt to reach very far.

The two scenarios of interest are:

1	a rural IMT base station located on the coast line with only two sectors pointing towards land;

2	a rural land based IMT base station that is covering the area up to the coast line.

Below is where the IMT base station positioned on the coastline with only two sectors both pointing towards land.

Figure 2

IMT BS on coastline with 2 sectors pointing towards land

[image: ]

Below is where IMT base station positioned 5 km (A) inland with 1 sector pointing towards the coast.

Figure 3

IMT BS 5 km inland with 1 sector pointing towards the coast

[image: ]

4.2.2	Monte Carlo analysis for interference scenario from IMT UE into MSS:

Monte Carlo simulations have been developed to provide information about the probability of interference from IMT UE into the MSS in adjacent band for the case of TDD transmitting UEs.

In the performed Monte Carlo analysis, it is assumed that MES may be located at any location within the IMT coverage. Different deployment scenarios for IMT have been assessed for the cases of rural urban and suburban taking into account different the IMT cell radius is configured to be 5 km for rural, 1 km for suburban scenario and 0.5 km for urban scenario.

The IMT terminals are distributed uniformly, the number of active terminals are set to 3 terminals in rural, 2 terminals in suburban and 1 terminals in urban per cell per 5 MHz.

4.2.3	With random MES location and fixed MES frequency channel

This addresses the situation when the MES is allocated in the first channel above the frequency separation but randomly located in the area of IMT coverage. In addition some other fixed channels allocated to MES were investigated.

4.2.4	With random MES location and random MES frequency channel

This addresses Monte Carlo simulations trying to establish how much a random user is affected by interference at a random location being allocated a random channel within a defined MSS frequency band.

4.2.5	Network loading and simulation power for IMT BSs

Mobile networks will for the vast majority of time over a day loaded less than 50 %[footnoteRef:1] and more likely to be in the range of 10-50 %[footnoteRef:2]. This is because they have to be able to cope with occasional peak traffic. [1:  	See Report ITU-R M.2241.]  [2:  	3GPP TR 36.814 V9.0.0 (2010-03).] 


This means that the Monte Carlo simulations in rural, suburban, urban areas should be performed at average power – a value that is already conservative for these areas. In practice IMT base stations would be subject to different output power levels, but in order to simplify this study the simulation assumed average power, even if this is understood as not reflecting the real situation.

5	Summary of the results of studies

In addition to the studies in response of invites 1 of the Resolution 223 (Rev.WRC-15) it is noted that some studies in this Report also address the potential interference due to blocking of MESs operating in the frequency band 1 525-1 559 MHz, including ship earth stations used in the GMDSS in the frequency band 1 530-1 544 MHz (RR footnote No. 5.353A) and aircraft earth stations under MSS allocation in the band 1 525-1 559 MHz, noting that priority is given to the AMS(R)S in coordination in the band 1 545-1 555 MHz (see RR No. 5.357A).

[bookmark: _Hlk526964594]5.1	Summary of results of interference from IMT BS to MES

Study A (Annex 5) is based on a Monte Carlo analysis using fixed MES frequency channel to assess the interference from IMT BS out of band emissions into land MES. It considered the MSS protection criteria of I/N = −15.2 and −20 dB.  The probability of having interference when using different MSS systems and in different deployment scenarios can be summarized as follow: for 1 MHz frequency separation the probability of the MES having interference is within the range of 49.6% to 100% (for most of the MES terminals, the probability of interference is 100% ); for 3 MHz frequency separation the probability of the MES having interference reach values of 2.9% to 72.9% ; for 6 MHz guard band separation the probability of the MES having interference reaches a value of 2% to 48.3% . The study also examines the required value of the OOBE in order to achieve 99.9% and 99% of availability using Monte Carlo analysis. The study shows that the required OOBE limits are as follow: the OOBE is found to be less than −62 dBm/MHz in order to achieve availability of 99.9% for all the studied MES terminals; the OOBE is found to be less than −55 dBm/MHz in order to achieve availability of 99% for all the studied MES terminals.

Study B[footnoteRef:3] (Annex 6) used both Monte Carlo and MCL analysis to assess the interference from IMT BS into land, maritime and aeronautical MES. It considered the MSS protection criteria of I/N = −6 and −10 dB, and frequency separations between the two systems of 1, 3 and 6 MHz, in urban, suburban and rural scenarios. It also considered various MES receiver blocking levels depending on different MES receiver characteristics and frequency separation. For MCL calculations, for frequency separation of 1-6 MHz for land, maritime and aeronautical cases, the separation distance due to OOBE is from 5 m to 16.5 km and separation distance due to blocking is from 110 m to 10.785 km. Studies B1, B2 and B3 used Monte Carlo analysis, where both fixed and random MES frequency channel were considered.  Study B1 considered land and sea based MESs while studies B2 and B3 considered land MESs only. The studies B1, B2 and B3 found that probability of interference from OOB emissions for 1 MHz frequency separation is in the range from 0% to 100%, for 3 MHz frequency separation is in the range from 0% to 10.4% and for 6 MHz frequency separation is in the range from 0% to 7.2%. For blocking values ranging from −25 dBm to −60 dBm the interference probability is from 0% to 89.6%. The range of IMT BS OOBE values used in the studies is from −0.8 to −80 dBm/MHz depending on the frequency separation from the channel edge. The OOB emission level to meet 1% and 0.1% probability of interference is within the range −47 dBm/MHz up to −34 dBm/MHz.  [3: 	Based on these studies, ECC Report 263 establishes compatibility measures based on: (1) a BS in-band e.i.r.p. limit of 58 dBm for the band 1 512-1 517 MHz; (2) a BS unwanted emission e.i.r.p. limit of −30 dBm/MHz above 1 520 MHz; and 3) a receiver blocking requirement of −30 dBm for land mobile earth stations for frequencies above 1 520 MHz, with respect to a broadband signal interferer operating below 1 517 MHz.] 


Study D (Annex 8) is based on the measured values of blocking of MSS receivers due to the interference from IMT BS into land, maritime and aeronautical MES. It considered the MSS receiver blocking characteristics for current and next generation MES, and frequency separations between the two systems of 0, 1, 3, 6, 8, 11 and 16 MHz, in urban, suburban, and rural scenarios. For land MES, based on a fixed separation distance of 40m, the study found that with IMT base station e.i.r.p. limits in the range of 5.5 to 41.5 dBm for current MES, and 18.5 to 68.5 dBm for next generation MES, the interference level from IMT BS would meet the MES receiver blocking criteria. The range of values is due to the range of IMT frequency channel offsets used below 1 518 MHz (from 0 to 16 MHz offset) and the IMT deployment scenario (rural, suburban or urban). For maritime MESs, the study found that with pfd limits in the range of -101.9 to -60.9  dBW/m2 for current MES, and −56.9 dBW/m2 to no limits for next generation MES, applied in their respective areas of operation, the interference level from IMT BS would meet the MES receiver blocking criteria. 

For aeronautical MESs, the study found that with pfd limits in the range of -77.4 to -28.9 dBW/m2 for current MES, and -54.9 dBW/m2 to no limits for next generation MES, applied in their respective areas of operation, the interference level from IMT BS would meet the MES receiver blocking criteria.

The ranges of pfd values are due to the different MES antenna gain assumptions, and the specific frequency characteristics of the IMT base stations.

Study H (Annex 12) provides a two phase approach that administrations could adopt to address potential blocking of MES operating in bands adjacent to 1518 MHz (including 1525-1559 MHz) at sea ports and airports. The approach is based on two phases. During phase 1 a set of pfd coordination thresholds are defined, that would ensure the protection of existing aeronautical and maritime terminals. In phase 2, a new set of pfd coordination thresholds is defined, based on the assumption that after the period of phase 1, MES terminals will be updated to achieve a better blocking performance.  For phase 1, the values of pfd for the protection of airports range from -63.4 dBW/m2 from to -12.9 dBW/m2 and for ports from -85.9 dBW/m2 to -12.9 dBW/m2. For phase 2, the values of pfd for the protection of both airports and ports range from -40.9 dBW/m2 to no limits required.

[Editor’s note (WP 4C): The summary above for Study H may need to be reviewed for context in case that changes to Study H are made as a consequence of the note in that Annex]

[bookmark: _Hlk13846562][Editor’s note WP 5D: WP 5D has noted this note and expects the resolution of this issue by WP 4C.]

5.2	Summary of results of interference from IMT UE to MES

Study C (Annex 7) is based on a Monte Carlo analysis using random MES frequency channel within 1 518-1 525 MHz to assess the interference from IMT UE into land MES. Interference probabilities were analysed for three MSS systems in urban, suburban and rural scenarios considering I/N protection ratio of -6 and -10 dB and blocking level of -43 and -70 dBm.

In the case of suburban scenario, the results of interference probability into MSS 2 for I/N of -6 dB are found to be 1.8-4.2% for IMT UE out of band emission limits of -20 dBm/MHz, and 1-2.2% for -30 dBm/MHz. For MSS 1, the results are found to be 2.4-2.6% for IMT UE OOBE limits of ‑20 dBm/MHz, and 1.4-1.8% for -30 dBm/MHz. For MSS 3, the results are found to be 1.8-3% for IMT UE OOBE limits of -20 dBm/MHz, and 1-1.8% for -30 dBm/MHz. For I/N of -10 dB the interference probabilities were found to be 0.9-6.2% with OOBE limit of -20 dBm/MHz.  Interference probabilities were found to be 0.1-2.8% with OOBE limit of -30 dBm/MHz.

In the case of urban scenario, the results of interference probability into MSS 1 for I/N of -6 dB are found to be 4.8-8.8% for IMT UE out of band emission limits of -20 dBm/MHz, and 3-3.4% for ‑30 dBm/MHz. For MSS 2, the results are found to be 8-9.6% for IMT UE OOBE limits of ‑20 dBm/MHz, and 3.6-4.2% for -30 dBm/MHz. For MSS 3, the results are found to be 6-7.6% for IMT UE OOBE limits of -20 dBm/MHz, and 2.8-3.4% for -30 dBm/MHz.

The results of analysis for OOBE of -10 dBm/MHz has shown that the interference probabilities which exceed I/N protect criterion ratio of -6 /-10 dB is less than 6.5% / 11.4% in urban scenario, less than 1.8% / 3.2% in suburban scenario and almost 0% for rural scenario.

The results of rural scenario showed no interference probability for IMT UE out of band emission limits of -10 dBm/MHz, -20 dBm/MHz, and -30 dBm/MHz for I/N of -6 dB and -10 dB. The interference probabilities for blockage level of -70 dBm showed less than 0.2% and 0.6% in suburban and urban scenarios, respectively.

[bookmark: _Hlk526965179]Study E (Annex 9) is based on a Monte Carlo analysis using fixed MES frequency channel to assess the interference from IMT UE out of band emissions into land MES. It considered the MSS protection criteria of I/N = -15.2 and -20 dB, for different MSS systems in urban and suburban scenarios. Results of interference probability into MSS are found to be less than 1% for IMT UE out of band emission limits of the range of ‑74 to -25 dBm/MHz.

[bookmark: _Hlk526965270]Study F (Annex 10) is based on a MCL analysis to assess the interference from IMT UE into land, maritime and aeronautical MESs. It considered the MSS protection criteria of I/N = ‑6, ‑10, ‑15.2 and -20 dB. The study found that with OOB emission e.i.r.p. limits in the range ‑80 to ‑66 dBm/MHz, the interference level from IMT UEs would meet the protection criteria for the land, maritime and aeronautical MESs. Regarding blocking of MES receivers, for the current generation of land MESs the interference exceeds the blocking criterion of -63 to -41 dBm for frequency separations up to 16 MHz. However, the IMT UE is compatible with next generation land MESs with respect to blocking interference, provided the UE operates below 1 517 MHz.

Study G (Annex 11) is based on a Monte Carlo statistical analysis to assess the impact of IMT UE OOBE interference into MESs. The analysis performed probabilities of interference for urban and suburban deployment scenarios, considering I/N protection ratio of -6 dB and -10 dB for each deployment scenario. For the case of suburban deployment scenario, the results of probability of interference into MES for I/N of -6 dB was 13.3% and for I/N of -10 dB was 20.3%. For the case of urban deployment scenario, the results of probability of interference into MES for I/N of -6 dB was 14.4% and for I/N of -10 dB was 18.4%.

6	Conclusions

Various studies have been performed regarding potential interference from IMT base stations and IMT UEs to mobile earth stations (based on certain assumptions described in each study), considering the potential for blocking of the MES receiver and interference due to OOB emissions from IMT base stations and UEs. The outcome of the studies are provided in Section 5.
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Annex 1

Representative MES antenna patterns

A1.1	Antenna pattern for 21 dBi antenna

Figure A1-1

Fleet broadband antenna (peak gain = 21 dBi)

[image: ]

Figure A1-1 is defined by the following equation, where G3(a) is the gain in dBi as a function of off-axis angle a, Gmax = 21 dBi, and D is the diameter, equal to 1.

[image: ]

A1.2	Antenna pattern for the 17.5 dBi antenna

Figure A1-2

(peak gain = 17.5 dBi)

[image: ]

Figure A1-2 is defined by the following equation, where G4(a) is the gain in dBi as a function of off-axis angle a, Gmax = 17.5 dBi and D is the diameter, equal to 0.45 m.

[image: ]

A1.3	Antenna pattern for 3 dBi antenna

Figure A1-3

(peak gain = 3 dBi)

[image: ]

Figure A1-3 is defined by the following equations, where GSPS(e) is the gain in dBi as a function of elevation angle e, e = 90 - |off-axis angle|, and GSPSmax = 3 dBi.
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A1.4	Antenna pattern for 12 dBi antenna

The antenna pattern is as following:

	G = Gmax – 12(/28)2	dBi	for 	  23

	G  38 – 25log()	dBi	for 	23    50

	G  5 				dBi	for	  50

Figure A1-4



A1.5	Antenna pattern for 6 dBi antenna

The antenna pattern is as following:

	G = Gmax					dBi	for	  60

	G = 0.003()2 + 0.358()  4.68	dBi	for	60    90

	G = 0.1598() + 17.622		dBi	for	90    130

	G = 3.15					dBi	for	  130

Figure A1-5



A1.6	Antenna pattern for 16 dBi antenna

	G = Gmax				dBi	for	  6

	G = 16  16((  6)/18.653)2	dBi	for	6    16

	G = 7					dBi	for	16    30

	G = 44.69  25.5152log()	dBi	for	30    76

	G = 3.299				dBi	for	  76

Figure A1-6






Annex 2

Additional information regarding propagation model for land scenario

Recommendation ITU-R P.1546-5 is assumed for the normal environment. However, the applicability of this point-to-area model, based on a huge amount of measurements, is conditioned by the clutter height value (in the vicinity of the mobile receiver). The lower the clutter height, below 10 m, the less applicable this model would be from an interpolation (on receiver height correction) perspective. Because of this other propagation models were investigated and Recommendation ITU-R P.1812-4 was proposed. Recommendation ITU-R P.1812-4 is a path specific simplified version of Recommendation ITU-R P.452. During the simulations it became clear that the simplifications made to Recommendation ITU-R P.1812-4 does not allow the location of clutter to be as an input parameter and in some of the simulations Recommendation ITU-R P.452 was used to position the clutter correctly. It was agreed that the following values for the clutter heights are used for simulations run: 4 m, 7 m and 10 m for a rural environment. As a comparison, the results are displayed in Table A2-1 for 1 km distance with the clutter height located at 100 m from the MES[footnoteRef:4]: [4:  	Using the clearance angle for Recommendation ITU-R P.1546-5, using the specific path for Recommendation ITU-R P.1812-4.] 


Table A2-1

Pathloss calculations for 1 km (ground) separation distance

		Scenario (Rural case)

		4 m

		7 m

		10 m



		Rec. ITU-R P.1812-4, l=50%, t=50%

		104.5 dB

		116.9 dB

		123.5 dB



		Rec. ITU-R P.1546-5, l=50%, t=50%

		111.2 dB

		117.3 dB

		121.4 dB





When the clutter height is equal to 10 m, Recommendation ITU-R P.1812-4 gives higher path loss than Recommendation ITU-R P.1546-5, which suggests that Recommendation ITU-R P.1546-5 is more conservative than Recommendation ITU-R P.1812-4. When the clutter height is lower than 10 m, the path loss gap between Recommendations ITU-R P.1546-5 and ITU-R P.1812-4 reduces until it balances (clutter height equals to 7 m), and for clutter height lower than 7 m, Recommendation ITU-R P.1812-4 is more conservative than Recommendation ITU-R P.1546-5.

According to these results in term of conservative approach for underestimating path loss for rural case:

–	Recommendation ITU-R P.1546-5 is appropriate for clutter height between 7 m to 10 m.

–	Recommendation ITU-R P.1812-4 is appropriate for clutter height between 4 m to 7 m but unable to position the clutter at a distance from the receiver without using profile path rather than clutter.

–	Recommendation ITU-R P.452 can however position the clutter correctly and has been used in some studies.





Annex 3

Methodology for protection of MES operations at harbours and airports

Depending on the e.i.r.p. limits applied to IMT base stations operating below 1 518 MHz, additional mitigation may be required to address the protection of MESs located at harbour and airports. The operation of ship earth stations (SESs) in harbours is important since even though other communication means may be available, it is important to be able to test the satellite communication equipment while in harbour. Similarly, for aircraft earth stations, it is important to be able to test the AES operation while the aircraft is on the ground at an airport. For some aircraft, safety operations require that the AES can demonstrate correct functioning of the satellite communication equipment before take-off.

For ship earth stations and aircraft earth stations, a monte-carlo analysis is not appropriate as MESs are not located randomly within a large area, but are located in small, well defined areas. Also aAllowing the interference criteria to be exceeded for a percentage of locations is not appropriate if those locations happen to coincide with the locations where correct operation of the SES or AES is required. Separation distances in Annex 6 (Tables A6-1, A6-2 and A6-3) show the maximum separation distances that can be expected. For the maritime case, the required separation distances range from 0.3 km to 13.6 km. For the aeronautical case, the required separation distances range from 0.3 km to 16.5 km. The range of distances is due to the interference criterion used and due to the assumed frequency separation (1 MHz, 3 MHz or 6 MHz).

Within a certain distance of the harbour/airport, administrations may need to require IMT operators to coordinate their base stations to ensure that SES/AESs do not receive excessive interference. Taking into account factors such a real propagation path loss, actual IMT base station emissions and MES antenna pointing directions may allow IMT base station operations at closer distances, once a more detailed analysis has taken place. This requirement applies in particular to IMT base stations operating in the uppermost channel(s) below 1 518 MHz.

To ensure that MSS protection requirements at harbours and airports are met, administrations may wish to define pfd values to be met by IMT base stations. The relationship between the maximum pfd and the maximum interference is given by:

		

The table below shows as an example how the pfd values could be determined using the parameter values used in this Report.

Table A3-1

Examples of pfd values to meet out-of-band emission criteria

		Parameter

		Unit

		I/N = -6 dB

		I/N = -20 dB



		MES noise temperature

		(K)

		316.0

		316.0



		MES receiver bandwidth

		(kHz)

		200.0

		200.0



		MES antenna gain in direction of base station

		(dBi)

		3.0

		3.0



		Maximum received level of OOB emissions (I/N)

		(dB)

		−6.0

		−20.0



		Maximum received level of OOB emissions in MES receiver bandwidth

		(dBW)

		−156.6

		−170.6



		Affective area of isotropic antenna at 1518 MHz

		(dBm2)

		−25.1

		−25.1



		Maximum pfd (OOB emissions in receiver bandwidth)

		(dBW/m2)

		−134.5

		−148.5







Table A3-2

Examples of pfd values to meet blocking criteria

		Parameter

		Unit

		Blocking value of -70

		Blocking value of -30



		Maximum receiver blocking level (>5 MHz separation)

		(dBm)

		−70

		−30



		Maximum receiver blocking level (>5 MHz separation)

		(dBW)

		−100

		−60



		MES antenna gain in direction of base station

		(dBi)

		3.0

		3.0



		Affective area of isotropic antenna at 1 518 MHz

		(dBm2)

		−25.1

		−25.1



		Maximum pfd (In-band emissions to meet blocking criterion)

		(dBW/m2)

		−77.9

		−37.9











Annex 4

MSS Protection criteria

A4.1	MSS Protection criteria

Currently, there is no ITU-R Recommendation providing protection criteria for the MSS Earth stations with respect to other services operating in adjacent bands. However one ITU-R Recommendation addresses in-band protection criteria for the MSS, and one ITU-R Report has used protection criteria for adjacent band compatibility, which may be a useful reference.

The interference criteria between MSS and terrestrial services of I/N of -6, -10, -15.2 and -20 dB were used in the studies. In this regard there are two views:



View 1: The value for −20/−15.2 dB is agreed by ITU-R for MSS including MSS operating in a fixed mode similar to FSS for adjacent band criteria in different ITU-R documents within the range 1 to 3 GHz (see Annex-6 for more details). Furthermore, the view was expressed that the ‑20/‑15.2 dB provide sufficient protection for MSS as no more stringent protection criterion were suggested to the meeting. In addition, the studies provided to this meeting are in line with the values of -20/-15.2 dB. The values for −6 and −10 dB I/N have not been used in any ITU-R document as adjacent band criteria furthermore, it contradicts the ITU RR as the out-of-band emissions needs to be kept to the minimum possible. Furthermore doing the studies using these inappropriate protection criterion will lead to misleading compatibility results between MSS and IMT that will preclude the operation of MSS not only in the range of 1 518-1 525 MHz but also to the range 1 525-1 559 MHz. .

The main source of interference is the other MSS satellites operating in the same band. Recommendation ITU-R M.1183 provides protection criteria of up to 24% for the MSS networks in 1-3 GHz range caused by other networks of the MSS operating in the same band. For typical MSS satellite network I/N of 30%-32% can be used (corresponds to 1 dB degradation based on the noise temperature used), which leads to 6-8 % I/N interference margin to all services other than MSS.  The 6-8% should be distributed among: (a) the services other than Mobile satellite services operating in the same band (FS and MS); and (b) adjacent band services (FS, MS, SOS, EESS).  Allocating more than 6-8% percent to these other services and adjacent band services, would cause harmful interference to most MSS systems, which are designed for I/N less than 32%. Arguing that the entire interference margin should be allocated to IMT is not valid as it contradicts Recommendation ITU-R M.1183. Furthermore, those studies using such invalid values of -6/-10dB show very high probability of interference to MSS operations in some parts of the MSS band, e.g. 1518-1520 MHz band. 

[bookmark: _Hlk12102905]View 2: Since there is no interference criteria in the ITU-R recommendation between the MSS and terrestrial services, it is most appropriate to use an I/N in the range of -10 to -6 dB for the purpose of studies. There is no basis for using -20 dB /-15.2 dB I/N, this is overly conservative, not valid for MSS, based on the protection criteria of other services and the co-ordination trigger for satellite co-ordination.  It further includes service apportionment (reducing the criteria to -15.2 dB) and geographic / beam apportionment (further reducing the criteria to -20 dB). The 1 492-1 518 MHz band has Fixed and Mobile allocated as co-primary where these two services cannot co-exist in the same geographical area, particularly in a localised area near an Earth station. Therefore, the Fixed and Mobile services cannot simultaneously contribute to interference and service apportionment is not valid. Geographic / beam apportionment is also not valid as this is this concept is can only be applicable to space stations not Earth stations. The -20 dB I/N criteria is incorrect as this is based on a criteria for other services (i.e. non-coprimary), in this case Mobile has a primary allocation in the 1 492‑1 518 MHz band. The dominant issue in studies is the poor receiver performance MSS Earth stations this contradicts the ITU RR (RR No. 3.12 and 3.13) which stipulates that receiver should have an adequate performance to ensure that they do not suffer inference from transmitters. Given that MSS is in the adjacent band the MSS Earth station receiver performance is clearly inadequate.

Since there is no interference criteria in the ITU-R recommendation between the MSS and terrestrial services, it is most appropriate to use an I/N in the range of -10 to -6 dB for the purpose of studies.

A4.1.1	Compilation of protection criteria references for MSS

A4.1.1.1	Recommendation ITU-R M.1183 provides a protection criteria for the MSS networks from 1-3 GHz caused by other networks of this service and fixed-satellite service. in frequency bands in which the MSS network does not practise frequency re-use, the interference power level should not exceed, for more than (100 – X)% of any month, 24% of the total noise power at the input to the demodulator, in frequency bands in which the MSS network practises frequency re-use, the interference power level should not exceed, for more than (100 – X)% of any month, 20% of the total noise power at the input to the demodulator that would give rise to the desired performance, for SEI (single entry interference) the maximum level of interference power in any digital channel should not exceed for more than (100 – X )% of any month[footnoteRef:5], 6% of the total noise power at the input to the demodulator. However, Recommendation ITU-R M.1183 provide in-band figure of protection and does not contain out-of-band of protection criteria. [5:  	X is the percentage time availability, for different types of MSS services, as defined under the relevant ITU-R Recommendation on performance objectives.] 


A4.1.1.2	Recommendation ITU-R S.1432-1 “Apportionment of the allowable error performance degradations to fixed-satellite service (FSS) hypothetical reference digital paths arising from time invariant interference for systems operating below 30 GHz”.

When sharing frequencies below 30 GHz, the maximum allowable interference from all sources (aggregate) should be limited to 32% or 27% for systems not practising and for systems practising frequency re-use, of the clear-sky satellite system noise. The error performance degradation due to interference at frequencies below 30 GHz should be allotted portions of the aggregate interference budget of 32% or 27% of the clear-sky satellite system noise in the following way:

–	25% for other FSS systems for victim systems not practising frequency re-use;

–	20% for other FSS systems for victim systems practising frequency re-use;

–	6% for other systems having co-primary status;

–	1% for all other sources of interference.

The use of FSS criteria to protect MSS has been referred to in previous ITU reports, however the FSS protection criteria in some cases was not appropriate as it did not meet the MSS required performance objective. 

A4.1.1.3	Recommendation ITU-R S.741-2, which contains protection criteria for FSS satellite networks. However, the protection criteria described in Recommendation ITU-R S.741‑2 is also used by BR for MSS and BSS in accordance with Rules of Procedure (see 2.1 in section B3 of Part B) for the assessment of probability of harmful interference under No. 11.32A. For SEI (single entry interference) the protection criterion in Recommendation ITU-R S.741-2 is C/I equal to (C/N+12.2 dB). As in Recommendation ITU-R M.1183, Recommendation ITU-R S.741-2 provides protection criteria for in-band protection.

A4.1.1.4	ECC Report 45 for sharing and adjacent band compatibility between UMTS/IMT-2000 in the band 2 500-2 690 MHz and other services. ECC Report 45 uses an adjacent band protection criterion Delta T/T = 3% and in-band protection criterion of 6% for the MES operating in the [2.5/2.6] GHz band. 

A4.1.1.5	Report ITU-R M.2041 also deals with sharing and adjacent band compatibility in the 2.5 GHz band between the terrestrial and satellite components of IMT-2000. This ITU‑R Report contains protection criteria for the IMT-satellite component. Report ITU‑R M.2041 uses an adjacent band protection criterion Delta T/T = 3% (section 2.2 of the Report) and in-band protection criterion of 6%. Neither Report provides reference or calculation method for the value used.

A4.1.2	Possible sources of interference

The following possible sources of interference need to be taken into account when apportioning the overall allowable interference.

Other MSS systems operating in the same band:

A4.1.2.1	According to Recommendation ITU-R M.1183 aggregate allowable interference of other MSS should not exceed, more than (100 – X)% of any month, 24% of the total noise power at the input to the demodulator, in frequency bands in which the MSS network practises frequency re‑use, the interference power level should not exceed, for more than (100 – X)% of any month, 20% of the total noise power at the input to the demodulator that would give rise to the desired performance.

A4.1.2.2	Services other than Mobile satellite services operating in the same band:

–	Fixed service.

–	Mobile service.

Should not exceed 6% if the allowable level of interference will be the same as FSS by analogy.

A4.1.2.3	Adjacent band services:

–	Fixed service.

–	Mobile service (including IMT).

–	Space operation.

–	Earth exploration.

Should not exceed 1 % if the allowable level of interference will be the same as FSS by analogy.

A4.1.3	Performance objectives

The following table summarizes the ITU Recommendations containing the performance objectives of different MSS systems.

Table A4-1

ITU Recommendations containing the performance objectives of different MSS systems

		System

		



		

		ITU Rec.

		Performance/Availability objective



		GSO/AMSS non-ISDN 

		M.1229

		For transportable and vehicle mobile earth stations:

•	For “general purpose” AMSS channel (up to 9.6 kbit/s), in voice mode, BER better than 1x10−3 for 90% of the available time, and in data and signalling mode, BER better than 1x10−5 for 90% of the available time.

•	For store and forward (up to 600 bit/s), BER better than 1x10−5 for 80% of the available time and BER better than 4x10−5 for 99% of the available time.



		AMS(R)S 

		M.1037

		For voice: BER not worse than 1x10−3 for more than 0.1% of the time on a daily basis.

For packet mode data: BER not worse than 1x10−5 for more than 0.1% of the time on a daily basis.



		GSO/AMS(R)S 

		M.1180

		The resultant availability of AMS(R)S services to aircraft earth stations within a defined coverage areas should be not less than 0.9994.



		GSO/non-ISDN

		M.1181

		For transportable and vehicle mobile earth stations:

•	For transportable (up to 16 kbit/s), in voice mode, BER better than 1x10−2 for not less than 95% of the available time, and in data and signalling mode, BER better than 1x10−5 for not less than 95% of the available time.

•	For store and forward (up to 16 kbit/s), BER better than 4x10−5 for not less than 95% of the available time.



		GSO/ISDN

		M.1476

		BER better than 9 × 10−7 after error correction for more than 99% of the available time. See Note 1.







Note 1: The combined MSS radio link unavailability due to propagation should provisionally be not more than 0.1% of the time. Another approach would be to develop an ITU-R Recommendation providing protection criteria for MSS terminals (Land mobile, maritime, aeronautical), based on consideration of the MSS link characteristics, radio interfaces and/or equipment performance. The development of protection criteria applicable to adjacent band compatibility with IMT should take into account the apportionment of the overall allowable error performance degradations due to difference sources of interference.

It is expected that the protection criteria for adjacent band compatibility would not exceed criteria that apply to co-frequency sharing for the equivalent cases.

A4.2	Overload/Blocking of MSS receiver

Earth station low noise amplifiers (LNAs) are optimized for reception of the very low power level of the incoming satellite signal and, hence, without a pre-selector overload filter, have a high sensitivity to interference. Incoming IMT-Advanced signals at much higher power levels can affect the operating point of the LNA and drive it out of its dynamic range to where it exhibits a non‑linear behaviour. This results in the creation of intermodulation products and gain compression (within the device) that in turn result in distortion of the MSS signal. Typically LNAs are wideband devices with a low noise figure and flat frequency response over the wanted frequency range. MSS receivers have the bandwidth defining filtering only at intermediate frequency (IF) stage, not at the LNA.

Regarding the MES receiver overload criterion, ETSI standard TS 101 377-5-5 defines the requirements for GMR-2 Mobile Earth Station-to-satellite terminal uplink/downlink operating in the 1 500/1 600 MHz bands in section 7.1 “Mobile Earth Station Blocking characteristics”. In this standard the blocking requirements are defined as ‑43 dBm for frequency separation greater than 1.6 MHz for CW interference signal. 

In addition, Recommendation ITU-R M.1850-2 makes reference to ETSI standard TS 101 376-5-5 which defines the requirements for GMR-1 Mobile Earth Station‑to‑satellite terminal uplink/downlink operating in the 1 500/1 600 MHz bands in section 7.7 and the blocking requirements are defined as -70 dBm for frequency separation greater than 1.6 MHz for CW interference signal.

The following blocking values are representative for most currently operating MESs:

For MSS-2 and MSS-3, the following values have been used in Study C:

−70 dBm for GMR-1 receiver (GMR-1 standard).

The above values are the values in case of CW interfering signal, however for IMT signal the above are to be reduced by 10 dB.

For MSS-1 system, the following values have been used in Study B.

−60 dBm (<2 MHz separation)

−52 dBm (>2 MHz and < 5 MHz separation)

−40 dBm (>5 MHz separation).

In studies D and F, the following values have been used for land portable MESs, based on measured blocking performances of currently operating equipment and expected blocking performance of next generation MESs with improved blocking resilience.

Table A4-2

Current land portable MES blocking performance at different frequency offsets

		Frequency offset

		0 MHz Offset 

		1 MHz Offset 

		3 MHz Offset 

		6 MHz Offset 

		8 MHz Offset 

		11 MHz Offset 

		16 MHz Offset 



		Blocking (dBm/5 MHz)

		−63

		−63

		−60

		−56

		−53

		−49

		−41







Table A4-3

Next generation land portable MES blocking performance at different frequency offsets

		Frequency offset

		0 MHz Offset 

		1 MHz Offset 

		3 MHz Offset 

		6 MHz Offset 

		8 MHz Offset 

		11 MHz Offset 

		16 MHz Offset 



		Blocking (dBm/10 MHz)

		−50

		−33

		−27

		−18

		−15

		−14

		N/A







Study D also examines the blocking of maritime and aeronautical MESs, from single and multiple IMT channels. Based on laboratory testing of currently operating equipment and expected performance of next generation MESs with improved blocking resilience.

Table A4-4

Measured blocking performance of current maritime and aeronautical current terminals
 from a single LTE channel at different frequencies

		Terminal type

		Frequency Range (MHz)



		

		1 492-1 502

		1 502-1 512

		1 512-1 517



		Maritime (dBm) 

		−53

		−68

		−76



		Aeronautical (dBm)

		−21

		−35

		−50.3







Table A4-5

Measured blocking performance of current maritime and aeronautical MESs from aggregate
multiple LTE channels 

		Terminal Type/Model

		Aggregate blocker power level at MES RX input from LTE channels in 1 492-1 512 MHz (dBm)

		Blocker power level at MES RX input from an LTE channel at 1 512-1 517 MHz (dBm)



		Maritime

		−67

		−78



		Aeronautical

		−45.6

		−55.5





Table A4-6

The expected blocking performances of next generation maritime and aeronautical terminals resulting
from a single LTE block at different frequencies

		Blocking signal

		Frequency range

		Blocking level at the antenna connector of MSS terminal 



		LTE signal

		1 492-1 512 MHz

		−20 dBm



		

		1 512-1 517 MHz

		−30 dBm







Table A4-7

The expected blocking performances of next generation maritime and aeronautical terminals resulting
from multiple LTE channel

		Maximum aggregate blocker power at MES antenna connector from LTE blocks in 1 492-1 512 MHz

		Maximum blocker power at MES antenna connector from LTE block at 1 512-1 517 MHz 



		−23 dBm

		−33 dBm







These values of blocking correspond to high degradation of receiver performance, in many cases rendering the MES inoperable. Therefore, in Monte Carlo analyses, these values should be associated with a low percentage of time, i.e. 0.1% probability.

Moreover, considering that the current blocking response of some MES receivers is the result of a receiver design conceived before the identification of the band below 1 518 MHz to the IMT, some studies in this Report consider the case that the blocking requirement for future MES receivers, expected to have improved blocking performance: set to −20 dBm and −30 dBm for interfering signals in the from the band 1 502-1 512 MHz and the band 1 512-1 517 MHz respectively.  It is expected that those ranges of values should be achievable in the near term.  This hypothesis reflects the approach of improving, at some point in time, the blocking requirement for future MES receivers, in order to achieve a better use of spectrum and improved sharing conditions, pursuant of Article 3.2 and 3.3 of the Radio Regulations.















3	Development to new criteria

[Editor’s note WP 5D: ITU-R Recommendation M.1827 contains some reference data for 3 % criteria.]

[Editor’s note WP 4C:

1	Views were expressed the studies as provided below showed that the protection criteria of I/N –6 dB (25%) is not suitable for protection of MSS from the IMT in the adjacent band and should not be considered any more.

2	The meeting agreed that the aggregate value of I/N may need to be apportioned between the IMT in the band below 1 518 MHz, fixed service/mobile service and MSS in the band 1 518-1 525 MHz, and space operation satellite and fixed service in the range 1 525‑1 530 MHz as these service are supposed to continue operation in presence of IMT below 1 518 MHz, however the ratios for apportionment need further discussion.

3	The study below did not consider the performance objective of the different MSS application.

4	The study take only a sample link budget for specific terminal which does not represent all MSS applications.

5	The fading margin required to maintain link availability is dependent on the  antenna directivity of the terminal at given elevation angle. In the study below the antenna directivity used for fading measurements is different from the antenna used in the link budget.

6	The MSS in many applications is used in fixed mode.

7	The MSS requires line of sight in order to operate.

8	The study does not include Non-GSO systems, however the allocation is for both GSO and Non-GSO.

9	The provider of the studies are invited to review the studies taking into account the above notes.

10	The study is reproduced below without editing waiting for the reviewed version by the next meeting.



Elements related to development of new criteria for adjacent band compatibility

If WP 4C derives appropriate protection criteria for the MSS receivers operating in the band 1 518‑1 525 MHz based on service-link radio margins for different types of MES (e.g. land-mobile, maritime, aeronautical), the following elements may be taken into account.

Recommendation ITU-R M.828 defines the temporal availability for radiocommunication circuits in the mobile‑satellite service (MSS) to provide a basis for protection criteria. The overall availability should be defined in terms of access availability and communications availability[footnoteRef:6].  [6: ] 


A possible approach for the calculation of the MSS earth station protection criterion could be to spare a portion of MSS link margin so as to cope with the interference coming from IMT base stations in the adjacent band. As the service-link radio path is environment dependent (aeronautical, maritime, land: urban, rural), the determination of this radio-path margin should be carried out in accordance to each identified scenario. Recommendations ITU-R P.680[footnoteRef:7], ITU-R P.681[footnoteRef:8], ITU-R P.682[footnoteRef:9] respectively deal with the main propagation effects related to the maritime, land mobile and aeronautical MSS systems and provide statistics on service-link radio path (expressed as a probability that fading exceeds a target threshold) based on MES deployment parameters (e.g. MES antenna elevation angle for high gain antenna).  [7: ]  [8: ]  [9: ] 


Based on the information provided by the aforementioned Recommendations, service-link radio path margins for each environment can be derived and for a given channel BER and time availability degradation; therefore, it may be possible to develop protection criteria using these and any other relevant ITU-R Recommendations.

The studies of interference from IMT base stations to land MESs, in addition to an minimum coupling loss (MCL) analysis, may include monte-carlo analyses to determine the probability that interference exceeds a given criterion. In that case, it is necessary to consider criteria expressed as I/N values and the maximum probability that such a value may be exceeded.

Whatever values of I/N are used, it is important to consider also whether the values may be exceeded for some limited number of cases. The maximum percentage of time that the criteria may be exceeded should then be used in the monte-carlo analyses.

As MESs are used in all locations, rural, suburban and urban, the criteria should apply in all locations.

Furthermore, these criteria should be met for all frequency channels used by the MSS in the band 1 518-1 525 MHz.

[Editor’s note WP 4C: Text below is from contribution 4C/240, to be further reviewed]



3.1	Time availability and link margin for mobile earth stations

Recommendation ITU-R M.828 defines the temporal availability for radiocommunication circuits in the mobile‑satellite service (MSS) to provide a basis for interference criteria. The overall availability should be defined in terms of access availability and communications availability. 

In the case of MSS, the calculation should consider the space station availability, the feeder-link and service-link radio paths availability under line of sight conditions (including ionospheric, tropospheric events and multipath fading), and the earth stations availability.  Earth stations may be of different nature leading to different reception conditions such as vehicular, portable and fixed reception.

Terrain elements such as mountains, roadside trees and buildings have a great impact in calculating the propagation effects for the land mobile-satellite service (LMSS). Recommendation ITU-R P.681 provides data and models specifically needed for predicting propagation impairments in LMSS links, which include multipath, blockage and shadowing as well as tropospheric and ionospheric effects.

In maritime mobile-satellite systems the propagation path is subject to particular propagation phenomena due to the environment where the ships evolve.  For instance, the effects of reflections and scattering by the sea surface can be quite severe, in particular where antennas with wide beamwidths are used. In addition, it should be noted that the ship is in motion and that sea conditions are variable.  Recommendation ITU‑R P.680 deals with data and models specifically needed to characterize the sea-space path impairments[footnoteRef:10]. [10: 	] 


Aeronautical mobile-satellite communications are subject to particular propagation effects due to the environmental and operational conditions. Recommendation ITU-R P.682 discusses data and models specifically required to characterize the path impairments that include surface reflections[footnoteRef:11], aircraft motion, sea state as well as tropospheric and ionospheric effects. [11: 	] 


Accounting these propagation phenomena is necessary to establish the unavailability of the radio paths (feeder-link and service-link) for a given fade margin. Depending on the performance objective of the communication channel, which is usually given as a bit error rate (BER) associated to a time availability[footnoteRef:12], and depending also on the radio environment (rural, suburban, urban), the fading margin might be significantly high, especially for low elevation angles. The link margin to meet the requirements can be reduced for systems in which several satellites can cover the same geographical area. Nevertheless, it is not the case for the satellite operating in the 1 518‑1 525 MHz band. [12: 	] 


The MSS unavailability should consider the space station unavailability, the feeder-link and service-link radio paths unavailability under line of sight conditions (including ionospheric, tropospheric events and multipath fading), and the earth stations unavailability.  Earth stations may be of different nature leading to different reception conditions such as vehicular, portable and fixed reception. However, it has to be noted that in most cases, the space station availability, the earth-station availability are very close to 100% as MSS requirement primary focus on component availability. Feeder link is also subject to higher availability than the radio path ones because of their critical usage. Consequently, the MSS unavailability can be (roughly) reduced to radio path unavailability.

3.2	Considerations on the link margin for MSS downlink

Since the overall availability of the MSS link, among others, mainly depends on the service-link radio path (see Recommendation ITU-R M.828, recommends 1), the higher the fading margin, the higher the overall availability. 

A possible approach for the calculation of the MSS earth station protection criterion could be to spare a portion of MSS link margin so as to cope with the interference coming from IMT Base Stations in the adjacent band. As the service-link radio path is environment dependent (aeronautical, maritime, land: urban, rural), the determination of this radio-path margin should be carried out in accordance to each identified scenario. Recommendations ITU-R P.680, ITU-R P.681, ITU-R P.682 respectively deal with the main propagation effects related to the land mobile, aeronautical and maritime MSS systems and provide statistics on service-link radio path (expressed as a probability that fading exceeds a target threshold) based on several key MES deployment parameters (e.g. MES antenna elevation angle for high gain antenna). In addition, when different environments should be considered for a single application, the propagation impairments are not unique (e.g. land mobile systems), a methodology to tackle combined phenomena is proposed[footnoteRef:13].  [13: 	] 


As a conclusion, based on the information provided by these Recommendations, service-link radio path margins for each environment may be derived and for a given channel BER and time availability degradation, it could be possible to define appropriate protection criteria.

As an example, let’s consider the following Link Budget for a MSS application (satellite-to-Earth) operating within L-Band[footnoteRef:14]: [14: 	] 


Figure 1

Link budget for Communication Forward-Link to Class-3 User Terminal 
(200 kHz carrier; spot beam)

[image: ]

The available link margin is set to 2.2 dB. In order to accommodate the fading effects which may occur during the link, this link margin can be used. Moreover, since only geostationary satellites operate within 1 518-1 525 MHz, the diversity cannot be applied in order to improve the time availability of the link. Consequently, any MSS link within this band can cope with fading not exceeding the available margin, i.e. 2.2 dB.

To assess the resulting link availability of the MSS networks, there is a need to collect statistics on fading margins. As there is not any available information for that parameter in any Recommendation (e.g. rural, urban, suburban), a possible solution would be the usage of experimental data available in the literature (research paper). In that sense, an ESA paper[footnoteRef:15] gives further information about the fading margin for open areas (corresponding to rural case) as well as suburban and urban scenarios. As an example, for the open area scenario: [15: ] 


Figure 2

Fade depths for L-Band mobile reception (Open environment)

[image: ]

The curves plotted within this graphic correspond to different levels of time unavailability of the MSS DownLink as a function of the elevation angle on which the MSS Earth station can “see” the satellite.

The more unavailable the MSS link is, the less fading margin the MSS link needs.

When considering elevation angle α=30°, we can observe that:

−	For 1% of time unavailability (i.e. 99% time availability), fading margin is 5.5-6 dB.

−	For 20% of time unavailability (i.e. 80% time availability), fading margin is 1.5 dB.

From that reference and based on the available link margin (i.e. 2.2dB), it is possible to derive the link availability for different scenarios:

Table 1A (left) & 1B (right)

MSS link availability for different scenarios (elevation angles & areas)

		Scenario

		Open Area

		Suburban

		Urban



		Elevation angle

		50°

		50°

		50°



		MSS link availability

		99%

		70%

		<70%





		Scenario

		Open Area

		Suburban

		Urban



		Elevation angle

		30°

		60°

		70°



		MSS link availability

		90%

		90%

		90%







Based on these two tables, one could notice that:

−	the higher the elevation angle, the higher time availability;

−	the link availability is degraded in areas subject to shadowing effects due to obstacles (buildings).

3.3	Long-term protection criterion

The consideration of these link margins (associated with link availability) may lead to use a part of them to accommodate with the sources of interference (e.g. coming from IMT Base Stations). This results as a possible degradation of the service performance within the satellite-to-MES link. 

Such performance degradation (expressed in linear) corresponds to the following ratio: 

		.

As an example, the resulting protection criterion is summarized in the following table for different elevation angles & different environments (which may correspond to different areas in the world or/and different GSO satellites):

Table 2

Protection criterion of MES for different elevation angles & deployment environments

		Mobile Earth Station deployment environment

		MES[footnoteRef:16] antenna elevation angle [16: ] 


		Link availability degradation

		Performance degradation

		Resulting
I/N



		Land (open area) 

		30°

		90%→80%

		0.7 dB

		-7.6 dB



		Land (urban area)

		60°

		90%→80%

		0.7 dB

		-7.6 dB



		Land (suburban area)

		70°

		90%→80%

		0.7 dB

		-7.6 dB







When considering the same elevation angle case (corresponding to the same GSO satellite and close areas), the same link availability cannot be achieved for the different environments, as outlined by the Table 1B. Such observation raises the question of which degradation of availability with 2.2 dB available link margin is affordable, especially in environment with bulky obstacles like urban and suburban areas, e.g. for elevation angle = 50° (corresponding to the North of France) where link availability is equal (suburban) or lower (urban) to 70%. On the contrary, a better availability can be achieved for the open area scenario, 99% and a 1% degradation of this figure (i.e. leading to 98% link availability) would lead to 0.7 dB available margin that could be used to derive the resulting I/N, i.e. I/N = -7.6 dB.

Note that these resulting I/N values are based on the most dominant fading effect and no aggregation of factors for the path loss due to propagation issue (shadowing, fast fading) is assumed. For instance, if land mobile satellite systems are mainly subject to losses due to shadowing, multipath effects are not negligible: Rec. ITU-R P.681-7 suggests that multipath fading is more than 5 dB[footnoteRef:17]. In addition, correlation between (fading) loss in satellite-to-MES and BS-to-MES links (e.g. foliage due to woodland) may likely be observed in many cases. Thus, the interference coming from IMT BS may be subject to the same (power mitigation) effects so that degradation in time availability within the MSS DL would be (in some cases) lower than the expected degradation of the availability. [17: ] 


Note that the higher elevation angle α, the smaller fading margin, resulting in having lower (more stringent) I/N. At the same time, the discrimination angle of the MES with respect of the horizon will increase, reducing the MES antenna gain in the direction of the interferer station.

3.4	Discussion of apportionment of the allowable error performance degradations

The principle of the apportionment of the interference relies on the fact that different services, having co-primary status and other (e.g. adjacent) share the same geographical area if it relates to ground stations (stations from terrestrial service, e.g. fixed service, mobile service or stations from satellite service, e.g. mobile-satellite service). It is observed that since fixed service and mobile service cannot share the same geographical area, there is no need to apportion the potential interference affecting Mobile Earth Stations (MES) between different services. Thus, 0 dB apportionment is then assumed and the value of protection criterion I/N described in the previous section remains unchanged.

3.5	Proposal

France proposes that WP 4C use the rationale described in the previous section and the provided values of protection criteria for the MSS receivers operating in the band 1 518‑1 525 MHz based on service-link radio margins for different types of MES (e.g. land-mobile, maritime, aeronautical) to update the working document.





Annex 5

Study A

A5.1	Analysis for interference from BS to MES

A5.1.1	Land analysis

The following analysis, probabilistic simulations over a general area of IMT coverage are performed from a limited simulation area covered by a three sector IMT Base Station site. 

The simulations investigate scenarios where IMT is deployed in urban areas and suburban. Clutter of 10 m is used for Suburban case and 20 m in urban cases. Frequency separations of 1 MHz, 3 MHz and 6 MHz are included. The simulations also investigate scenarios for the required OOB emission in order to get a degradation less than 1% and 0.1%.

The following results for this study are based on protection criteria of I/N = -15.2 and -20 dB.

1 MHz separation analysis

Table A5-1

Probability of interference (1 MHz separation analysis)

		System

		MES antenna gain
(dBi)

		Scenario



		

		

		Urban

		Suburban



		

		

		I/N = −20

		I/N = −15.2

		I/N = −20

		I/N = −15.2



		MSS 1

		3

		100%

		100%

		100%

		100%



		

		17.5

		100%

		100%

		100%

		97.8%



		MSS 2

		1

		100%

		100%

		100%

		100%



		

		6

		100%

		100%

		100%

		100%



		

		12

		100%

		100%

		100%

		98.5%



		

		32

		99%

		86.7%

		83.7%

		49.6%



		MSS 3

		1

		100%

		100%

		100%

		100%



		

		6

		100%

		100%

		100%

		100%



		

		12

		100%

		100%

		100%

		100%



		

		32

		99.1%

		87.8

		84%

		51.6%







3 MHz separation analysis

Table A5-2

Probability of interference (3 MHz separation analysis)

		System

		MES antenna gain (dBi)

		Scenario



		

		

		Urban

		Suburban



		

		

		I/N = −20

		I/N = −15.2

		I/N = −20

		I/N = −15.2



		MSS 1

		3

		45.9%

		22%

		17.3%

		8.6%



		

		17.5

		23.8%

		12.2%

		9.2%

		4.7%



		MSS 2

		1

		70.7%

		33.3%

		26.7%

		13.4%



		

		6

		69.45%

		34.1%

		25.1%

		13.18%



		

		12

		21%

		10.27%

		8%

		3.9%



		

		32

		11.2%

		6.1%

		5.7%

		2.9%



		MSS 3

		1

		72.9%

		35.3%

		26.1

		13.4%



		

		6

		72.47%

		35.24%

		26.29

		13.7%



		

		12

		21.8%

		10.8%

		8.6%

		4.2%



		

		32

		10.5%

		6.1%

		5.5%

		3.1%







6 MHz separation analysis

Table A5-3

Probability of interference (6 MHz separation analysis)

		System

		Antenna gain (dBi)

		Scenario



		

		

		Urban

		Suburban



		

		

		I/N = −20

		I/N = −15.2

		I/N = −20

		I/N = −15.2



		MSS 1

		3

		29.1%

		14.1%

		11.1%

		5.5%



		

		17.5

		16.1%

		7.9%

		6.2%

		3%



		MSS 2

		1

		45.6%

		20.6%

		17.1%

		8.9%



		

		6

		46.26%

		22.4%

		17.7%

		9.17%



		

		12

		13.3%

		6.2%

		4.9%

		2.3%



		

		32

		7.4%

		4.17%

		3.7%

		2.1%



		MSS 3

		1

		47.4%

		21.4%

		17.1%

		8.7%



		

		6

		48.3%

		22.5%

		17.7%

		9.0%



		

		12

		14.1%

		6.7%

		5.6%

		2.28%



		

		32

		7.4%

		4.2%

		3.9%

		2.0%







Table A5-4

OOB emission limits in units of dBm/MHz for probability of interference degradation less than 0.1% 

		System

		MES antenna gain (dBi)

		Less than 0.1% of time



		

		

		Urban

		Suburban



		

		

		I/N = −20

		I/N = −15.2

		I/N = −20

		I/N = −15.2



		MSS 1

		3

		–57

		–52

		–54

		–48



		

		17.5

		–62

		–58

		–59

		–54



		MSS 2

		1

		–59

		–54

		–54

		–50



		

		6

		–60

		–55

		–56

		–52



		

		12

		–56

		–52

		–52

		–47



		

		32

		–61

		–56

		–53

		–48



		MSS 3

		1

		–58

		–53

		–55

		–50



		

		6

		–60

		–55

		–57

		–52



		

		12

		–58

		–53

		–54

		–49



		

		32

		–61

		–56

		–56

		–51





Table A5-5

OOB emission limits in units of dBm/MHz for probability of interference degradation less than 1% of time

		System

		MES antenna gain (dBi)

		Less than 1% of time



		

		

		Urban

		Suburban



		

		

		I/N = −20

		I/N = −15.2

		I/N = −20

		I/N = −15.2



		MSS 1

		3

		–43

		–48

		–49

		–44



		

		17.5

		–54

		–49

		–50

		–45



		MSS 2

		1

		–53

		–48

		–50

		–45



		

		6

		–55

		–50

		–51

		–46



		

		12

		–50

		–46

		–44

		–39



		

		32

		–50

		–45

		–45

		–40



		MSS 3

		1

		–54

		–49

		–50

		–45



		

		6

		–55

		–50

		–42

		–47



		

		12

		–50

		–45

		–44

		–39



		

		32

		–50

		–46

		–45

		–40





A5.2	Summary of Study A

[bookmark: _Hlk943507][bookmark: _Toc471372945][bookmark: _Toc471373155]Study A (Annex 5) is based on a Monte Carlo analysis using fixed MES frequency channel to assess the interference from IMT BS into land MES. It considered the MSS protection criteria of I/N = -15.2 dB and -20 dB.  The probability of having interference when using different MSS systems and in different deployment scenarios can be summarized as follow:

–	for 1 MHz guard band separation the probability of the MES having interference is within the range of 49.6% to 100% (for most of the MES terminals, the interference is for 100% probability).

–	for 3 MHz guard band separation the probability of the MES having interference reach values of 2.9% to 72.9%.

–	for 6 MHz guard band separation the probability of the MES having interference reach a value of 2% to 48.3%.

The study also examines the required value of the OOBE in order to achieve 99.9% and 99% availability using Monte Carlo analysis. The study shows that the required OOBE limits are as follow:

–	the OOBE should be less than -62 dBm/MHz in order to achieve availability of 99.9% for all the studied MES terminals 

–	the OOBE should be less than -55 dBm/MHz in order to achieve availability of 99% for all the studied MES terminals





Annex 6

Study B

A6.1	Analysis for interference from BS to MES

The following results for this study are based on protection criteria of I/N = -6 and -10 dB.

A6.1.1	MCL Results

[bookmark: _Ref458809568]Table A6-1, Table A6-2 and Table A6-3 show the calculated MCL for the different scenarios. For the case of OOB emissions,  is based on the I/N criterion of –6 dB and –10 dB and is equal to – 126.6 dBm and –130.6 dBm accordingly. For the case of MES receiver blocking the values of  are –60 dBm for 1 MHz frequency separation, –52 dBm for 3 MHz frequency separation, −40 dBm for 6 MHz frequency separation.

TABLE A6-1

MCL and separation distances for 1 MHz frequency separation

		Scenario

		MES antenna

		Interference type

		I/N (dB)

		MCL (dB)
(Rural/non-rural)

		Separation distance (m)



		

		

		

		

		

		Rural (4 m clutter)

		Rural (7 m clutter)

		Rural (10 m clutter)

		Suburban

		Urban



		Land

		Low gain,

3 dBi

		Blocking

		N/A

		118

		116

		3 650

		2 010

		1 375

		705

		435



		

		

		Unwanted emissions

		–6

		118.8

		116.8

		4 000

		2 180

		1 495

		740

		450



		

		

		

		–10

		122.8

		120.8

		5 000

		3 340

		2 295

		930

		550



		

		High gain,

17.5 dBi

		Blocking

		N/A

		132.5

		130.5

		5 620

		3 210

		2 275

		845

		450



		

		

		Unwanted emissions

		–6

		133.3

		131.3

		5 000

		3 300

		2 470

		880

		470



		

		

		

		–10

		137.3

		135.3

		6 100

		4 490

		3 505

		1 200

		550



		Sea

(maritime)

		Low gain,

3 dBi

		Blocking

		N/A

		118

		7 700



		

		

		Unwanted emissions

		–6

		118.8

		8 500



		

		

		

		-10

		122.8

		13 200



		

		High gain,

21 dBi

		Blocking

		N/A

		136

		8 000



		

		

		Unwanted emissions

		–6

		136.8

		8 800-3 700



		

		

		

		–10

		140.8

		13 600



		Air

(aeronautical)

		Low gain,

3 dBi

		Blocking

		N/A

		118

		7 700



		

		

		Unwanted emissions

		–6

		118.8

		8 600



		

		

		

		–10

		122.8

		13 400



		

		High gain,

17.5 dBi

		Blocking

		N/A

		132.5

		10 785



		

		

		Unwanted emissions

		–6

		133.3

		11 700



		

		

		

		–10

		137.3

		16 500





[bookmark: _Ref458809573]TABLE A6-2

MCL and separation distances for 3 MHz frequency separation

		Scenario

		MES antenna

		Interference type

		I/N 
(dB)

		MCL (dB)
(Rural/non-rural)

		Separation distance (m)



		

		

		

		

		

		Rural (4m clutter)

		Rural (7m clutter)

		Rural (10m clutter)

		Suburban

		Urban



		Land

		Low gain,

3 dBi

		Blocking

		N/A

		110

		108

		1 550

		865

		610

		450

		280



		

		

		Unwanted emissions

		–6

		89.6

		87.6

		30

		10

		25

		60

		60



		

		

		

		–10

		93.6

		91.6

		60

		20

		60

		80

		70



		

		High gain,

17.5 dBi

		Blocking

		N/A

		124.5

		122.5

		2560

		1 605

		1 150

		570

		335



		

		

		Unwanted emissions

		–6

		104.1

		102.1

		500

		100

		70

		220

		170



		

		

		

		–10

		108.1

		106.1

		600

		330

		105

		270

		190



		Sea

(maritime)

		Low gain,

3 dBi

		Blocking

		N/A

		110

		3 200



		

		

		Unwanted emissions

		–6

		89.6

		400



		

		

		

		–10

		93.6

		600



		

		High gain,

21 dBi

		Blocking

		N/A

		128

		3 400



		

		

		Unwanted emissions

		–6

		107.6

		500



		

		

		

		–10

		111.6

		700



		Air

(aeronautical)

		Low gain,

3 dBi

		Blocking

		N/A

		110

		3 175



		

		

		Unwanted emissions

		–6

		89.6

		400



		

		

		

		–10

		93.6

		600



		

		High gain,

17.5 dBi

		Blocking

		N/A

		124.5

		4 585



		

		

		Unwanted emissions

		–6

		104.1

		800



		

		

		

		–10

		108.1

		1 100





[bookmark: _Ref458809580][bookmark: _Ref462386277]

[bookmark: _Ref516843797]TABLE A6-3

MCL and separation distances for 6 MHz frequency separation

		Scenario

		MES antenna

		Interference type

		I/N 
(dB)

		MCL (dB)
(Rural/non-rural)

		Separation distance (m)



		

		

		

		

		

		Rural (4 m clutter)

		Rural (7 m clutter)

		Rural (10 m clutter)

		Suburban

		Urban



		Land

		Low gain,

3 dBi

		Blocking

		N/A

		101

		99

		700

		310

		50

		220

		110



		

		

		Unwanted emissions

		–6

		86.6

		84.6

		20

		10

		5

		50

		50



		

		

		

		–10

		90.6

		88.6

		40

		10

		10

		70

		60



		

		High gain,

17.5 dBi

		Blocking

		N/A

		115.5

		113.5

		1 100

		700

		510

		380

		250



		

		

		Unwanted emissions

		–6

		101.1

		99.1

		300

		80

		50

		190

		150



		

		

		

		–10

		105.1

		103.1

		500

		110

		80

		230

		170



		Sea

(maritime)

		Low gain,
3 dBi

		Blocking

		N/A

		101

		1 200



		

		

		Unwanted emissions

		–6

		86.6

		300



		

		

		

		–10

		90.6

		500



		

		High gain,
21 dBi

		Blocking

		N/A

		119

		1 300



		

		

		Unwanted emissions

		–6

		104.6

		400



		

		

		

		–10

		108.6

		500



		Air

(aeronautical)

		Low gain,
3 dBi

		Blocking

		N/A

		101

		1 300



		

		

		Unwanted emissions

		–6

		86.6

		300



		

		

		

		–10

		90.6

		500



		

		High gain,
17.5 dBi

		Blocking

		N/A

		115.5

		2 000



		

		

		Unwanted emissions

		–6

		101.1

		600



		

		

		

		–10

		105.1

		800







[bookmark: _Toc471372946]A6.1.2	MCL results for AES on aircraft in flight

This section shows the potential interference from IMT base stations to AESs operated on aircraft in flight. Interference from a rural base station only is considered, with the AES at example altitudes of 1 000 m, 3 000 m and 10 000 m above ground level (a.g.l.).

A summary of MCL requirements for each of three cases: 1 MHz, 3 MHz and 6 MHz frequency separation, is shown in the tables below.

TABLE A6-4

MCL requirements for 1 MHz frequency separation

		AES antenna

		Blocking/Unwanted emissions

		Criterion

		MCL 
(dB)



		Low gain, 3 dBi

		Blocking

		I < -60 dBm

		121.0



		

		Unwanted emissions

		I/N < -6 dB

		118.8



		

		

		I/N < -10 dB

		122.8



		High gain, 17.5 dBi

		Blocking

		I < -60 dBm

		135.5



		

		Unwanted emissions

		I/N < -6 dB

		133.3



		

		

		I/N < -10 dB

		137.3







TABLE A6-5

MCL requirements for 3 MHz frequency separation

		AES antenna

		Blocking/Unwanted emissions

		Criterion

		MCL 
(dB)



		Low gain, 3 dBi

		Blocking

		I < -52 dBm

		113.0



		

		Unwanted emissions

		I/N < -6 dB

		89.6



		

		

		I/N < -10 dB

		93.6



		High gain, 17.5 dBi

		Blocking

		I < -52 dBm

		127.5



		

		Unwanted emissions

		I/N < -6 dB

		104.1



		

		

		I/N < -10 dB

		108.1







TABLE A6-6

MCL requirements for 6 MHz frequency separation

		AES antenna

		Blocking/Unwanted emissions

		Criterion

		MCL 
(dB)



		Low gain, 3 dBi

		Blocking

		I < -40 dBm

		101.0



		

		Unwanted emissions

		I/N < -6 dB

		86.6



		

		

		I/N < -10 dB

		90.6



		High gain, 17.5 dBi

		Blocking

		I < -40 dBm

		115.5



		

		Unwanted emissions

		I/N < -6 dB

		101.1



		

		

		I/N < -10 dB

		105.1







Figure A6-1 shows the coupling loss and the minimum coupling loss for an AES with the high gain antenna. Figure A6-2 shows the coupling loss and minimum coupling loss for an AES with the low gain antenna. The MCL values shown are applicable for the case of 1 MHz frequency separation to represent the worst case frequency separation.

[bookmark: _Ref457078823]FIGURE A6-1

CL and MCL for interference from a rural IMT base station to a high gain 
AES at various altitudes 

[image: ]

[bookmark: _Ref457078830]FIGURE A6-2

CL and MCL for interference from a rural IMT base station to a low gain 
AES at various altitudes

[image: ]

In all cases examined, the coupling loss exceeds the minimum coupling loss and hence interference would be below the criterion. Since the coupling loss exceeds the MCL values in the case of 1 MHz frequency separation, the coupling loss would also exceed the MCL values for 3 MHz and 6 MHz frequency separation.

Among these different scenarios, the MCL worst case corresponds to the High Gain AES antenna for I/N = -10 dB. It is therefore proposed to study it in this section.

FIGURE A6-3

Variation of current and required isolation loss with distance and altitude

[image: ]

The left side figure exhibits the required isolation loss as well as the current isolation loss for varying altitude and distance (including antenna gain discriminations for aeronautical MES receiver and ground IMT BS interferer) for the worst case I/N = -10 dB high gain MES antenna. As expected, the current isolation increases with altitude and distance. In addition, the shape of the curves shows that for 1 MHz frequency separation that required isolation loss is lower than current isolation loss (MES, BS) for altitude ≥ 0.8 km if I/N = -10 dB and for the sake of comparison for altitude ≥ 0.2 km if I/N = -10 dB for the low gain MES antenna[footnoteRef:18], resulting in no constraint in that case (since the required isolation loss is met). Note that this altitude=0.8km, called hmin is derived for the scenario where IMT BS interferer and Aeronautical Earth Station antennas are facing each other. For the general case where these systems have a discrimination angle in horizontal (azimuthal) plan denoted Δφ (depicted in figure below), the value of hmin is lower. [18: 	The rationale for comparing the low and high gain MES antenna in the results of the study is based on the fact that the discrimination due to the antenna gain may facilitate the sharing for a high gain MES antenna depending on the location of the IMT BS with respect to the flying aircraft.] 


FIGURE A6-4

Orientation of aeronautical MES in relation to IMT BS
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For example:

FIGURE A6-5

Variation of current and required isolation loss with distance and altitude,
(left) Δφ = 40°then hmin = 0.7km, (right) Δφ = 90° then hmin = 0.5 km

[image: ][image: ]

FIGURE A6-6

Variation of current and required isolation loss with distance and altitude,
Δφ = 180° then hmin = 0.4 km (BS and MSS antennas are back-to-back)

[image: ]

Note that this study can be considered as conservative since no shielding loss due to fuselage was assumed. This leads to the conclusion that the probability of interference caused by IMT BS onto aeronautical MES in such case is null with 1 MHz, 3 MHz or 6 MHz frequency separation for an altitude of the aircraft higher than 800 m.

[bookmark: _Toc471372947][bookmark: _Toc472439334]A6.2	Study B1

A6.2.1	Statistical analysis

In the following analysis, probabilistic simulations over a general area of IMT coverage are performed from a limited simulation area covered by a three sector IMT Base Station site, which has been simulated for cell radius of 0.5 km, 1 km and 5 km respectively for the different environments. For the land based simulation the IMT base station transmits in all three sectors and the three service hexagons have been populated with MESs that are monitored for interference. The MESs are strictly limited to move within the assigned hexagon such that the model is equivalent to a full network.

The simulations investigate scenarios where IMT is deployed in urban areas and also for the less likely case where it may be deployed in suburban or even rural areas. Normal clutter is used for the three environments. Frequency separations of 1 MHz, 3 MHz and 6 MHz are included. A sensitivity analysis is included to additionally show the impact of I/N = -10 dB for the MES. Further, an extreme situation where the clutter in a rural area is consistently below the standard 10 m is included, for this, clutter heights of 7 m and 4 m are used. 

Simulations are also performed for the maritime environment with the IMT base stations located on land, the two relevant scenarios are as described in section 5.2.

A6.2.2	Area impact on MES interference

The study results below contain an extension to the MCL, it covers an artificial situation where the MES is always allocated the 1st adjacent channel above the frequency separations (1 MHz, 3 MHz or 6 MHz), but moves randomly around in the area of IMT coverage.

[bookmark: _Toc457071951][bookmark: _Toc457120414][bookmark: _Toc457120529][bookmark: _Toc457120769][bookmark: _Toc457071952][bookmark: _Toc457120415][bookmark: _Toc457120530][bookmark: _Toc457120770]A6.2.2.1	Land based MES

TABLE A6-7

Area analysis results of interference from IMT base station OOBE into a MES at a fixed frequency adjacent to frequency separation, in % interference probability (Land), normal environment, 
average IMT BS power, P.1546 propagation

		Frequency separation Δf (MHz)

		MES antenna gain
(dBi)

		I/N
(dB)

		Interference probability (%)



		

		

		

		Rural
(10 m clutter)

		Suburban
(10 m clutter)

		Urban 
(20 m clutter)



		1

		3

		-6

		0.15

		25.16

		53.98



		

		

		-10

		0.6

		38.34

		72.34



		

		17.5

		-6

		0

		16.32

		35.04



		

		

		-10

		0.08

		24.28

		47.28



		3

		3

		-6

		0

		0.31

		1.37



		

		

		-10

		0

		0.63

		4.21



		

		17.5

		-6

		0

		0.26

		1.31



		

		

		-10

		0

		0.53

		2.35



		6

		3

		-6

		0

		0.13

		0.77



		

		

		-10

		0

		0.39

		1.63



		

		17.5

		-6

		0

		0.14

		0.85



		

		

		-10

		0

		0.34

		1.49







TABLE A6-8

Area analysis results of MES susceptibility to blocking from IMT transmitters, MES at a fixed frequency adjacent to frequency separation, in % interference probability (Land), normal environment, 
average IMT BS power, P.1546 propagation

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		Rural
(10 m clutter)

		Suburban
(10 m clutter)

		Urban 
(20 m clutter)



		1

		3

		-60

		0.01

		22.90

		49.89



		

		17.5

		

		0.00

		14.79

		32.62



		3

		3

		-52

		0.00

		10.15

		25.04



		

		17.5

		

		0.00

		6.03

		17.28



		6

		3

		-40

		0.0

		3.15

		11.31



		

		17.5

		

		0.0

		1.75

		6.48







TABLE A6-9

Sensitivity analysis of a more extreme rural scenario using lower clutter height and different propagation models for OOBE into MES in % probability (Land)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		Interference probability (%)



		

		

		

		Rural
(P.1812, 
4 m clutter)

		Rural
(P.452, 
4 m clutter)

		Rural 
(P.1812,
7 m clutter)

		Rural 
(P.452,
7 m clutter)



		1

		3

		-6

		22.37

		3.69

		6

		1.14



		

		

		-10

		38.16

		10.57

		16.3

		4.8



		

		17.5

		-6

		9.13

		0.82

		1.53

		0.16



		

		

		-10

		19.3

		3.32

		5.78

		1.16



		3

		3

		-6

		0

		0

		0

		0



		

		

		-10

		0

		0

		0

		0



		

		17.5

		-6

		0

		0

		0

		0



		

		

		-10

		0

		0

		0

		0



		6

		3

		-6

		0

		0

		0

		0



		

		

		-10

		0

		0

		0

		0



		

		17.5

		-6

		0

		0

		0

		0



		

		

		-10

		0

		0

		0

		0







For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2.

TABLE A6-10

Sensitivity analysis of a more extreme rural scenario using lower clutter height and different propagation models for MES susceptibility to blocking from IMT transmitters, in % interference probability (Land)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		Rural
(P.1812, 
4 m clutter)

		Rural
(P.452, 
4 m clutter)

		Rural 
(P.1812,
7 m clutter)

		Rural 
(P.452,
7 m clutter)



		1

		3

		-60

		19.55

		2.85

		4.65

		1.11



		

		17.5

		

		7.10

		0.56

		1.00

		0.10



		3

		3

		-52

		2.20

		0.08

		0.15

		0.00



		

		17.5

		

		0.31

		0.00

		0.00

		0.00



		6

		3

		-40

		0.00

		0.00

		0.00

		0.00



		

		17.5

		

		0.00

		0.00

		0.00

		0.00







For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2.

A6.2.2.2	Sea based MES

TABLE A6-11

Area analysis results of interference from the IMT base station OOBE into a MES at a fixed frequency adjacent to frequency separation in % probability (Sea)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		Interference probability (%)



		

		

		

		2 sector rural IMT located on the coastline, 100% sea

		1 sector rural IMT pointing to sea 5 km from the coast



		1

		3

		–6

		1.67

		0



		

		

		–10

		11.44

		55.1



		

		21

		–6

		1.75

		0



		

		

		–10

		6.61

		9.19



		3

		3

		–6

		0

		0



		

		

		–10

		0

		0



		

		21

		–6

		0

		0



		

		

		–10

		0

		0



		6

		3

		–6

		0

		0



		

		

		–10

		0

		0



		

		21

		–6

		0

		0



		

		

		–10

		0

		0







TABLE A6-12

Area analysis results of MSS susceptibility to blocking from transmitters, MES at a fixed frequency adjacent to frequency separation, in % interference probability (Sea)

		Frequency separation Δf (MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		2 sector rural IMT located on the coastline, 100% sea

		1 sector rural IMT pointing to sea 5 km from the coast



		1

		3

		–60

		0.84

		0.00



		

		21

		

		0.91

		0.00



		3

		3

		–52

		0.00

		0.00



		

		21

		

		0.00

		0.00



		6

		3

		–40

		0.00

		0.00



		

		21

		

		0.00

		0.00







A6.2.3	Area and frequency impact on MES interference

In addition to the area analysis above simulations have also been performed to include the effect of the MES using the full frequency band.

In the study results below the impact on the user of MES is investigated, the parameters from above are used and the susceptibility of the MES is established by simulations over the entire IMT service area and over the full frequency range (1 518-1 559 MHz) available to MSS for downlink

Whilst the results for MES Blocking in the following are of course the same as for the 1st adjacent channel above the results are provided for an easier comparison MES Blocking and OOBE interference under the same conditions.

A6.2.3.1	Land based MES

TABLE A6-13

Area and frequency analysis results of interference from the IMT base station OOBE into MSS in % probability (Land), normal environment, P.1546 propagation

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		Interference probability (%)



		

		

		

		Rural
(10 m clutter)

		Suburban
(10 m clutter)

		Urban
(20 m clutter)



		1

		3

		–6

		0.01

		1.19

		2.62



		

		

		–10

		0.02

		1.87

		3.88



		

		17.5

		–6

		0

		0.76

		1.82



		

		

		–10

		0

		1.19

		2.44



		3

		3

		–6

		0

		0.01

		0.09



		

		

		–10

		0

		0.05

		0.34



		

		17.5

		–6

		0

		0.04

		0.19



		

		

		–10

		0

		0.05

		0.37



		6

		3

		–6

		0

		0.01

		0.02



		

		

		–10

		0

		0.02

		0.11



		

		17.5

		–6

		0

		0.03

		0.1



		

		

		–10

		0

		0.04

		0.26







TABLE A6-14

Area and frequency analysis results of MES susceptibility to blocking from IMT transmitters, 
in % interference probability (Land), normal environment, P.1546 propagation

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		Rural
(10 m clutter)

		Suburban
(10 m clutter)

		Urban
(20 m clutter)



		1

		3

		–60

		0.01

		22.90

		49.89



		

		17.5

		

		0.00

		14.79

		32.62



		3

		3

		–52

		0.00

		10.15

		25.04



		

		17.5

		

		0.00

		6.03

		17.28



		6

		3

		–40

		0.00

		3.15

		11.31



		

		17.5

		

		0.00

		1.75

		6.48







TABLE A6-15

Sensitivity analysis of a more extreme rural scenario using lower clutter height and different propagation models for OOBE into MSS in % probability (Land)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		Interference probability (%)



		

		

		

		Rural
(P.1812,
4 m clutter)

		Rural
(P.452,
4 m clutter)

		Rural
(P.1812,
7 m clutter)

		Rural
(P.452,
7 m clutter)



		1

		3

		–6

		1.04

		0.12

		0.23

		0.06



		

		

		–10

		1.77

		0.45

		0.75

		0.04



		

		17.5

		–6

		0.44

		0.04

		0.07

		0.01



		

		

		–10

		0.89

		0.15

		0.25

		0.1



		3

		3

		–6

		0

		0

		0

		0



		

		

		–10

		0

		0

		0

		0



		

		17.5

		–6

		0

		0

		0

		0



		

		

		–10

		0

		0

		0

		0



		6

		3

		–6

		0

		0

		0

		0



		

		

		–10

		0

		0

		0

		0



		

		17.5

		–6

		0

		0

		0

		0



		

		

		–10

		0

		0

		0

		0







For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2

TABLE A6-16

Sensitivity analysis of a more extreme rural scenario using lower clutter height and different propagation models for MES susceptibility to blocking from IMT transmitters, in % interference probability (Land)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		Rural
(P.1812,
4 m clutter)

		Rural
(P.452,
4 m clutter)

		Rural
(P.1812,
7 m clutter)

		Rural
(P.452,
7 m clutter)



		1

		3

		–60

		19.55

		2.85

		4.65

		1.11



		

		17.5

		

		7.10

		0.56

		1.00

		0.10



		3

		3

		–52

		2.20

		0.08

		0.15

		0.00



		

		17.5

		

		0.31

		0.00

		0.00

		0.00



		6

		3

		–40

		0.00

		0.00

		0.00

		0.00



		

		17.5

		

		0.00

		0.00

		0.00

		0.00







For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2.

A6.2.3.2	Sea based MES

TABLE A6-17

Area and frequency analysis results of interference from the IMT base station OOBE into MES, 
in % probability (Sea)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		Interference probability (%)



		

		

		

		2 sector rural IMT located on the coastline, 100% sea

		1 sector rural IMT pointing to sea 5 km from the coast



		1

		3

		–6

		0.09

		0



		

		

		–10

		0.58

		2.57



		

		21

		–6

		0.06

		0



		

		

		–10

		0.21

		0.42



		3

		3

		–6

		0

		0



		

		

		–10

		0

		0



		

		21

		–6

		0

		0



		

		

		–10

		0

		0



		6

		3

		–6

		0

		0



		

		

		–10

		0

		0



		

		21

		–6

		0

		0



		

		

		–10

		0

		0







TABLE A6-18

Area and frequency analysis results of MSS susceptibility to blocking 
from IMT transmitters in % probability (Sea)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		2 sector rural IMT located on the coastline, 100% sea

		1 sector rural IMT pointing to sea 5 km from the coast



		1

		3

		–60

		0.84

		0.00



		

		21

		

		0.91

		0.00



		3

		3

		–52

		0.00

		0.00



		

		21

		

		0.00

		0.00



		6

		3

		–40

		0.00

		0.00



		

		21

		

		0.00

		0.00









A6.2.4	Area impact on MES interference for the MES with increased blocking level than GMR-1/GMR-2 standards 

Below are the results for the expected when using increased blocking level than GMR-1/GMR-2 standards of the MES receiver blocking performance, performed under exactly the same conditions as in the simulations above.

TABLE A6-19

Area analysis results of MES susceptibility to blocking from IMT transmitters, in % interference probability (Land), normal environment, P.1546 propagation

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		Rural
(10 m clutter)

		Suburban
(10 m clutter)

		Urban
(20 m clutter)



		1

		3

		–55

		0

		13.66

		32.71



		

		

		–45

		0

		4.35

		13.47



		

		17.5

		–55

		0

		8.75

		22.4



		

		

		–45

		0

		2.28

		8.45



		3

		3

		–35

		0

		0.58

		3.62



		

		

		–30

		0

		0.24

		1.11



		

		17.5

		–35

		0

		0.5

		2.16



		

		

		–30

		0

		0.2

		1.04



		6

		3

		–30

		0

		0.41

		1.74



		

		

		–25

		0

		0

		0.62



		

		17.5

		–30

		0

		0.36

		1.57



		

		

		–25

		0

		0.13

		0.81







TABLE A6-20

Sensitivity analysis of a more extreme rural scenario using lower clutter height and different propagation models

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		Interference probability (%)



		

		

		

		Rural
(P.1812,
4 m clutter)

		Rural
(P.452,
4 m clutter)

		Rural
(P.1812,
7 m clutter)

		Rural
(P.452,
7 m clutter)



		1

		3

		–55

		5.49

		0.49

		0.86

		0.07



		

		

		–45

		0.01

		0

		0

		0



		

		17.5

		–55

		1.32

		0

		0.04

		0



		

		

		–45

		0

		0

		0

		0



		3

		3

		–35

		0

		0

		0

		0



		

		

		–30

		0

		0

		0

		0



		

		17.5

		–35

		0

		0

		0

		0



		

		

		–30

		0

		0

		0

		0



		6

		3

		–30

		0

		0

		0

		0



		

		

		–25

		0

		0

		0

		0



		

		17.5

		–30

		0

		0

		0

		0



		

		

		–25

		0

		0

		0

		0







For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2

TABLE A6-21

Area analysis results of MSS susceptibility to blocking from IMT transmitters in % probability (Sea)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		Blocking level 
(dBm)

		I/N 
(dB)

		Interference probability (%)



		

		

		

		

		2 sector rural IMT located on the coastline, 100% sea

		1 sector rural IMT pointing to sea 5 km from the coast



		1

		3

		–55

		-6

		0

		0



		

		

		–45

		-10

		0

		0



		

		21

		–55

		-6

		0

		0



		

		

		–45

		-10

		0

		0



		3

		3

		–35

		-6

		0

		0



		

		

		–30

		-10

		0

		0



		

		21

		–35

		-6

		0

		0



		

		

		–30

		-10

		0

		0



		6

		3

		–30

		-6

		0

		0



		

		

		–25

		-10

		0

		0



		

		21

		–30

		-6

		0

		0



		

		

		–25

		-10

		0

		0







A6.2.5	Comparison between IMT OOBE and MES blocking (cases with increased blocking level than GMR-1/GMR-2 standards))

A6.2.5.1	Land based MES

In the following are the simulations of the interference probability for future expected MES receiver overload characteristics compared to with the assumed IMT OOBE characteristics in order to see if these are of similar levels. The comparison simulations have been performed for the urban and suburban areas where the interference impact was greatest and is covering both the situation where the MES has use of the full frequency range and for completeness also the impact in the first adjacent channel to the frequency separation.

TABLE A6-22

Comparison of interference experienced by a user in an urban area for blocking MES performance
(cases with increased blocking level than GMR-1/GMR-2 standards), 
normal environment, P.1546 propagation with 20 m clutter

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		2.62

		-45

		13.47



		

		

		–10

		3.88

		-55

		32.71



		

		17.5

		–6

		1.82

		-45

		8.45



		

		

		–10

		2.44

		-55

		22.4



		3

		3

		–6

		0.09

		-30

		1.11



		

		

		–10

		0.34

		-35

		3.62



		

		17.5

		–6

		0.19

		-30

		1.04



		

		

		–10

		0.37

		-35

		2.16



		6

		3

		–6

		0.02

		-25

		0.62



		

		

		–10

		0.11

		-30

		1.74



		

		17.5

		–6

		0.1

		-25

		0.81



		

		

		–10

		0.26

		-30

		1.57







TABLE A6-23

Comparison of interference experienced by the operator in the first channel above the frequency separation in an urban area, for blocking MES performance (cases with increased blocking level than GMR-1/GMR-2 standards), normal environment, P.1546 propagation with 20 m clutter

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		53.98

		-45

		13.47



		

		

		–10

		72.34

		-55

		32.71



		

		17.5

		–6

		35.04

		-45

		8.45



		

		

		–10

		47.28

		-55

		22.4



		3

		3

		–6

		1.37

		-30

		1.11



		

		

		–10

		4.21

		-35

		3.62



		

		17.5

		–6

		1.31

		-30

		1.04



		

		

		–10

		2.35

		-35

		2.16



		6

		3

		–6

		0.77

		-25

		0.62



		

		

		–10

		1.63

		-30

		1.74



		

		17.5

		–6

		0.85

		-25

		0.81



		

		

		–10

		1.49

		-30

		1.57







TABLE A6-24

Comparison of interference experienced by a user in a suburban area for blocking MES performance 
(cases with increased blocking level than GMR-1/GMR-2 standards),
normal environment, P.1546 propagation with 10 m clutter

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability
(%)



		1

		3

		–6

		1.19

		-45

		4.35



		

		

		–10

		1.87

		-55

		13.66



		

		17.5

		–6

		0.76

		-45

		2.28



		

		

		–10

		1.19

		-55

		8.75



		3

		3

		–6

		0.01

		-30

		0.24



		

		

		–10

		0.05

		-35

		0.58



		

		17.5

		–6

		0.04

		-30

		0.2



		

		

		–10

		0.05

		-35

		0.5



		6

		3

		–6

		0.01

		-25

		0



		

		

		–10

		0.02

		-30

		0.41



		

		17.5

		–6

		0.03

		-25

		0.13



		

		

		–10

		0.04

		-30

		0.36







TABLE A6-25

Comparison of interference experienced by the operator in the first channel above the frequency separation
in a suburban environment

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		25.16

		-45

		4.35



		

		

		–10

		38.34

		-55

		13.66



		

		17.5

		–6

		16.32

		-45

		2.28



		

		

		–10

		24.28

		-55

		8.75



		3

		3

		–6

		0.31

		-30

		0.24



		

		

		–10

		0.63

		-35

		0.58



		

		17.5

		–6

		0.26

		-30

		0.2



		

		

		–10

		0.53

		-35

		0.5



		6

		3

		–6

		0.13

		-25

		0



		

		

		–10

		0.39

		-30

		0.41



		

		17.5

		–6

		0.14

		-25

		0.13



		

		

		–10

		0.34

		-30

		0.36





[bookmark: _Toc471372948][bookmark: _Toc472439335]

A6.3	Study B2

A6.3.1	Monte Carlo analysis results

In this section, the adjacent band compatibility between MSS above 1 518 MHz and IMT below 1 518 MHz has been investigated using Monte Carlo simulation to determine the probability of interference from IMT base station into MSS MES.

Two interference mechanisms are considered, the interference from IMT base station OOBE into an MSS MES and the blocking of MES caused by high transmit power from IMT base station for the following cases:

–	Scenarios: Rural, Suburban and Urban

–	MES types: Omni (3 dBi) and directional (17.5 dBi)

–	Interference Criteria (only for IMT OOBE) I/N: -6 dB and -10 dB

–	Frequency separation between IMT and MSS: 1 MHz, 3 MHz and 6 MHz

–	Polarisation discrimination was taken into account in all cases.

[bookmark: _Toc447753576]A6.3.2	IMT base station OOBE interference into MES simulations

In order to investigate the probability of interference from IMT base station OOBE into MSS MES, simulations have been carried out with the following IMT base station OOBE levels at different frequency separation as shown in Table A6-26 below.

[bookmark: _Ref457071642]TABLE A6-26

IMT base station OOBE e.i.r.p. limits

		Frequency Separation

		1 MHz

		3 MHz

		6 MHz



		Rural

		–0.8 dBm/MHz

		–30 dBm/MHz

		–33 dBm/MHz



		Suburban/Urban

		–2.8 dBm/MHz

		–32 dBm/MHz

		–35 dBm/MHz







For all the OOBE interference simulations, the IMT base station was set to operate at frequencies below 1518 MHz while the MSS MES was operating at 1518.1 MHz.

The IMT OOBE interference into MSS simulation has been performed for rural (with clutter height of 4 m and 7 m), suburban and urban IMT base station deployments for two MSS MES types with an Omni antenna gain of 3 dBi and directional antenna of 17.5 dBi, with the interference criteria set to I/N of -6 dB and -10 dB.

A6.3.2.1		Propagation models

The simulations were carried out using the following propagation models:

–	Rural scenarios: ITU-R P.1812 with both 4 m and 7 m clutter heights[footnoteRef:19] [19: 	For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2.] 


–	Suburban and Urban scenarios: ITU-R P.1546-5

All the Monte Carlo simulations were run using SEAMCAT. SEAMCAT does not implement Recommendation ITU-R P.1812 propagation model and only implements Recommendation ITU‑R P.1546-4.

Therefore, it was necessary to develop and implement an appropriate and valid propagation models based on Recommendation ITU-R P.1812 and ITU-R P.1546-5 for use in the Monte Carlo simulations for the three scenarios.

In SEAMCAT the propagation models are implemented as plugins, and therefore it is possible to include a new propagation model and to add it to the list of existing pre-defined models. SEAMCAT propagation plugins of ITU-R P.1812 for the rural scenario and ITU-R P.1546-5 for suburban and urban scenarios were developed and implemented as a lookup table of distance gains propagation loss. The data for the lookup table were generated from ITU-R P.1812 and ITU-R P.1546-5 propagation models using the Visualyse simulation tool.

A6.3.2.2		Simulation configuration

The following study uses SEAMCAT (version 5.0.1 rev3543) where the F.1336-4 antenna used is not fully in accordance with Section 3.1.1 due to its implementation in this software. The peak sidelobe antenna pattern is used for IMT base station. The simulation configuration was set up with seven IMT 3-sector base stations for each of the three deployment scenarios of rural, suburban and urban. The average IMT base station power was used. In each case, a simulation radius was determined and the MES was randomly placed around in the coverage area corresponding to the simulation radius. Simulation radius is set higher than inter-site distance (ISD) in accordance to macro cell parameters in Section 3.1.1 and circular interference area is used (though deployment of the IMT network is based according to Report ITU-R M.2292). All these would lead to the increased interference probability compared to the assumptions in the report.

A6.3.2.3		SEAMCAT results of IMT Base station OOBE interference

The SEAMCAT simulation results of the probability of interference from IMT base station into MES at frequency separation of 1 MHz, 3 MHz and 6 MHz are shown in Table A6-27, Table A6-28 and Table A6-29 respectively.

[bookmark: _Ref457071660]TABLE A6-27

Probability of interference (%) – Frequency Separation: 1 MHz

		MES Type

		I/N

		Scenario



		

		

		Urban

		Suburban

		Rural
(4m clutter)

		Rural
(7m clutter)



		Omni (3 dBi)

		–10 dB

		100

		100

		100

		100



		

		–6 dB

		100

		100

		100

		50



		Directional (17.5 dBi)

		–10 dB

		99

		95

		100

		49.9



		

		–6 dB

		74

		52

		81

		21.4





[bookmark: _Ref457071666][bookmark: _Ref467233220]

TABLE A6-28

Probability of interference (%) – Frequency Separation: 3 MHz

		MES Type

		I/N

		Scenario



		

		

		Urban

		Suburban

		Rural
(4 m clutter)

		Rural
(7 m clutter)



		Omni (3 dBi)

		–10 dB

		10.4

		4.9

		0.3

		0



		

		–6 dB

		6

		1.2

		0.01

		0



		Directional (17.5 dBi)

		–10 dB

		5.7

		1.7

		0.11

		0



		

		–6 dB

		2.4

		0.15

		0

		0





[bookmark: _Ref457071672][bookmark: _Ref467233232]TABLE A6-29

Probability of interference (%) – Frequency Separation: 6 MHz

		MES Type

		I/N

		Scenario



		

		

		Urban

		Suburban

		Rural
(4 m clutter)

		Rural
(7 m clutter)



		Omni (3 dBi)

		–10 dB

		7.2

		2.9

		0.01

		0



		

		–6 dB

		3.6

		0.5

		0

		0



		Directional (17.5 dBi)

		–10 dB

		3.2

		0.32

		0

		0



		

		–6 dB

		0.4

		0

		0

		0







Table A6-30 shows the impact on MES channels with a greater offset from the edge of the band when the IMT operates for the example case where the IMT upper band edge is 1 515 MHz. The MES receiver frequency is increased by 1 MHz and 2 MHz (i.e. carrier frequency at 1 519.1 MHz and 1 520.1 MHz. Only the urban and suburban cases are examined.

[bookmark: _Ref458809701]TABLE A6-30

Probability of interference (%) – IMT upper band edge 1 515 MHz, MSS channel 1 519.1 MHz and 1 520.1 MHz

		MES Type

		I/N

		MES @ 1 519.1 MHz

		MES @ 1 520.1 MHz



		

		

		Urban

		Suburban

		Urban

		Suburban



		Omni (3 dBi)

		–10 dB

		3.9

		1.3

		3.2

		1.02



		

		–6 dB

		2.3

		0.4

		1.9

		0.2



		Directional (17.5 dBi)

		–10 dB

		2.3

		0.84

		2.0

		0.7



		

		–6 dB

		1.3

		0.21

		1.2

		0.2





[bookmark: _Toc447753577]

The Monte Carlo method was also used to assess the impact of reducing the IMT OOB emission level and to determine the level at which the probability of interference to MESs in the urban/suburban area is 1% and 0.1%. The simulations have modelled the average level of OOB emissions and the results are as shown in Table A6-31.

[bookmark: _Ref461551381]Table A6-31

OOB emission level to meet 1% and 0.1% probability of interference

		Probability of interference

		MES Type

		OOB emission level (dBm/MHz) 
for Imax/N = -6 dB

		OOB emission level (dBm/MHz) 
for Imax/N = -10 dB



		1%

		Omni (3 dBi)

		-37

		-41



		

		Directional (17.5 dBi)

		-34

		-38



		0.1%

		Omni (3 dBi)

		-43

		-47



		

		Directional (17.5 dBi)

		-42

		-46



		Note: The results are based on peak sidelobe antenna pattern, the simulation radius used is higher than inter-site distance (according to macro cell parameter indicated in Section 3.1.1) and circular interference area is used (though deployment of the IMT network is based according to Report ITU-R M.2292).







A6.3.3	MES blocking

In order to investigate the probability of MES blocking caused by high transmit power from IMT base stations in the adjacent band, simulations have been carried out with the following baseline MES blocking performances at different frequency separations as shown in Table A6-31 below.

[bookmark: _Ref457071700]TABLE A6-312

Baseline MES blocking performance

		Frequency Separation

		1 MHz

		3 MHz 

		6 MHz



		MES Receiver blocking 

		–60 dBm

		–52 dBm

		–40 dBm







For all the blocking simulations, the IMT base station was set to operate at frequencies below 1 518 MHz while the MSS MES was operating at 1 518.1 MHz.

The MES blocking simulation has been performed for rural (with clutter height of 4 m and 7 m), suburban and urban IMT base station deployments for two MSS MES types with an Omni antenna gain of 3 dBi and directional antenna of 17.5 dBi. 

A6.3.3.1		SEAMCAT simulation results of MES blocking

The SEAMCAT simulation results of the probability of MES blocking from high power IMT base stations into MES at frequency separation of 1 MHz, 3 MHz and 6 MHz are shown in Table A6-32, Table A6-33 and Table A6-34 respectively. The IMT base station power was set to average power and not maximum transmit power. For frequency separations of 1 MHz and 3 MHz, in Table A6-32 and Table A6-33 respectively, the IMT base station carrier bandwidth was 5 MHz while for frequency separations of 6 MHz, the IMT base station carrier was 10 MHz.

[bookmark: _Ref462307235]TABLE A6-332

Probability of interference (%) – IMT upper band edge at 1 517 MHz

		MES Type

		MES blocking Level 
(dBm)

		Scenario



		

		

		Urban

		Suburban

		Rural
(4 m clutter)

		Rural
(7 m clutter)



		Omni (3 dBi)

		–60

		76.3

		63.1

		89.6

		29.3



		Directional (17.5 dBi)

		

		56.3

		39.3

		43.1

		15.3





[bookmark: _Ref457071717]TABLE A6-3433

Probability of interference (%) – IMT upper band edge at 1 515 MHz

		MES Type

		MES blocking Level
 (dBm)

		Scenario



		

		

		Urban

		Suburban

		Rural
(4 m clutter)

		Rural
(7 m clutter)



		Omni (3 dBi)

		-52

		46

		25.8

		16.3

		5.3



		Directional (17.5 dBi)

		

		32.3

		17.1

		9.1

		3





[bookmark: _Ref457071724]

TABLE A6-354

Probability of interference (%) – IMT upper band edge at 1512 MHz

		MES Type

		MES blocking Level 
(dBm)

		Scenario



		

		

		Urban

		Suburban

		Rural
(4 m clutter)

		Rural
(7 m clutter)



		Omni (3 dBi)

		–40

		21.2

		9.5

		3

		0.5



		Directional (17.5 dBi)

		

		15.5

		6.1

		1.4

		0.3







Table A6-35 below shows the SEAMCAT simulation results of the probability of interference from IMT base station into an MES receiver (with increased blocking resilience than GMR-1/GMR-2 standards) at frequency separation of 6 MHz.

[bookmark: _Ref459204626]TABLE A6-356

Probability of blocking interference (%) against MSS blocking levels (cases with increased blocking resilience than GMR-1/GMR-2 standards)

		MES Type

		MES blocking Level 
(dBm)

		Scenario



		

		

		Urban

		Suburban

		Rural
(4 m clutter)

		Rural
(7 m clutter)



		Omni (3 dBi)

		–30

		8

		3

		0.1

		0



		Directional (17.5 dBi)

		

		4

		1.2

		0.1

		0



		Omni (3 dBi)

		–25

		3.4

		0.4

		0

		0



		Directional (17.5 dBi)

		

		2.2

		0.7

		0

		0





[bookmark: _Toc471372949][bookmark: _Toc472439336]

A6.4	Study B3

A6.4.1	Land mobile satellite scenarios

A6.4.1.1		Considerations on assumptions for the analysis

Parameters required to derive the results of the current study are provided in Section 3 of this report. Regarding:

–	The propagation model for the rural case: the agreed assumption for the rural case was to perform Recommendation ITU-R P.1812-4 with 50% percentage of time and location with 7 m clutter height at 100 m from the receiver. However, one could notice that the implementation of the clutter losses does not account the location of the clutter within the path making a conflict with the specific path that has been defined (no clutter except at 100 m from Rx). Other solutions are investigated, as discussed in Annex 2;

–	The derivation of the probability of interference: the following analysis derives this metric by calculating the surface of the area (within an IMT cell with 3 hexagonal sectors) on which the protection criterion for the MSS (that can be I/N or blocking threshold) is not met over the IMT cell. Since the separation distance of a MES with respect of the IMT BS is dependent of the location of the MSS Receivers (discrimination angle of Rx/Tx with respect of the Tx/Rx position), a fine sampling of the location of the MES (1° azimuth, 5 m distance (MES Rx, IMT BS)) is performed to estimate the surface of the exclusion zone. In that sense, the probability of interference is obtained by generating random positions of MES within the IMT cell.

A6.4.1.2		Statistical analysis with random MES location and fixed frequency 

This section provides results of compatibility between MSS and IMT for MES at a fixed frequency adjacent to frequency separation, in terms of probability of interference (Land) for different scenarios (i.e. high/low gain antenna MES, blocking threshold and/or I/N, frequency separation, rural/urban).

[bookmark: _Ref457071424]TABLE A6-37

Rural case (P.1812-4 with 7 m path profile)

		Frequency separation Δf
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		4.50

		–63

		5.40



		

		

		–10

		5.90

		–60

		4.10



		

		17.5

		–6

		3.10

		–63

		3.50



		

		

		–10

		3.90

		–60

		3.00



		3

		3

		–6

		0.30

		–53

		2.40



		

		

		–10

		0.80

		–52

		2.20



		

		17.5

		–6

		0.20

		–53

		1.90



		

		

		–10

		0.30

		–52

		1.80



		6

		3

		–6

		0.00

		–53

		2.40



		

		

		–10

		0.40

		–40

		1.40



		

		17.5

		–6

		0.10

		–53

		1.90



		

		

		–10

		0.20

		–40

		1.00





[bookmark: _Ref457071442]

For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2.

TABLE A6-38

Rural case (P.452-16 with 7 m clutter losses)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		7.10

		–63

		11



		

		

		–10

		15.90

		–60

		6.10



		

		17.5

		–6

		4.60

		–63

		6.90



		

		

		–10

		9.60

		–60

		3.90



		3

		3

		–6

		0.30

		–53

		1.70



		

		

		–10

		0.30

		–52

		1.40



		

		17.5

		–6

		0.10

		–53

		1.00



		

		

		–10

		0.20

		–52

		0.90



		6

		3

		–6

		0.20

		–53

		1.70



		

		

		–10

		0.30

		–40

		0.30



		

		17.5

		–6

		0.10

		–53

		0.40



		

		

		–10

		0.10

		–40

		0.40





[bookmark: _Ref457071450]

TABLE A6-39

Urban case (P.1546-5 with clutter height=20m)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		68.50

		–63

		82.10



		

		

		–10

		95.60

		–60

		63.90



		

		17.5

		–6

		49.60

		–63

		59.00



		

		

		–10

		67.20

		–60

		46.20



		3

		3

		–6

		1.60

		–53

		35.70



		

		

		–10

		4.60

		–52

		32.80



		

		17.5

		–6

		2.20

		–53

		26.00



		

		

		–10

		3.40

		–52

		23.80



		6

		3

		–6

		1.00

		–53

		35.70



		

		

		–10

		1.60

		–40

		15.00



		

		17.5

		–6

		1.50

		–53

		26.00



		

		

		–10

		2.40

		–40

		7.70







A6.4.1.3		Statistical analysis with random MES location and random frequency

This section provides results of compatibility between MSS and IMT for MES at a frequency within the full frequency band available to MES (1 518-1 559 MHz), in terms of probability of interference (Land) for different scenarios (i.e. high/low gain antenna MES, blocking threshold and/or I/N, frequency separation, rural/urban). The rationale not to only address the extension MSS frequency band 1 518-1 525 MHz (which is the one considered for the compatibility study with potential IMT systems operating in frequency band 1 492-1 518 MHz) is based on the fact that any satellite that enables MSS operation within the frequency band 1 518-1 525 MHz will also operate over frequency band 1 525-1 559 MHz, as with any current MSS satellites in orbit over this range.

[bookmark: _Ref457071458]TABLE A6-4039

Rural case (P.1812-4 with 7 m path profile)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		0.20

		–63

		2.50



		

		

		–10

		0.40

		–60

		4.10



		

		17.5

		–6

		0.20

		–63

		2.00



		

		

		–10

		0.30

		–60

		3.00



		3

		3

		–6

		0.00

		–53

		2.30



		

		

		–10

		0.10

		–52

		2.20



		

		17.5

		–6

		0.00

		–53

		1.80



		

		

		–10

		0.10

		–52

		1.80



		6

		3

		–6

		0.00

		–53

		2.10



		

		

		–10

		0.10

		–40

		1.40



		

		17.5

		–6

		0.00

		–53

		1.70



		

		

		–10

		0.10

		–40

		1.00





[bookmark: _Ref457071484]

For more information on applicability of the Recommendation ITU-R P.1812-4 see Annex 2.

TABLE A6-410

Rural case (P.452-16 with 7 m clutter losses)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability 
(%)



		1

		3

		–6

		0.40

		–63

		2.20



		

		

		–10

		0.90

		–60

		6.10



		

		17.5

		–6

		0.20

		–63

		1.30



		

		

		–10

		0.50

		–60

		3.90



		3

		3

		–6

		0.10

		–53

		1.60



		

		

		–10

		0.10

		–52

		1.40



		

		17.5

		–6

		0.00

		–53

		1.00



		

		

		–10

		0.00

		–52

		0.90



		6

		3

		–6

		0.00

		–53

		1.50



		

		

		–10

		0.10

		–40

		0.30



		

		17.5

		–6

		0.00

		–53

		0.90



		

		

		–10

		0.00

		–40

		0.40





TABLE A6-421

Urban case (P.1546-5 with clutter height=20m)

		Frequency separation Δf 
(MHz)

		MES antenna gain 
(dBi)

		I/N 
(dB)

		OOBE interference probability 
(%)

		Blocking level 
(dBm)

		Blocking interference probability
(%)



		1

		3

		–6

		3.70

		–63

		38.00



		

		

		–10

		5.50

		–60

		63.90



		

		17.5

		–6

		2.80

		–63

		27.60



		

		

		–10

		4.00

		–60

		46.20



		3

		3

		–6

		0.40

		–53

		34.00



		

		

		–10

		0.80

		–52

		32.80



		

		17.5

		–6

		0.30

		–53

		24.70



		

		

		–10

		0.70

		–52

		23.80



		6

		3

		–6

		0.30

		–53

		31.30



		

		

		–10

		0.50

		–40

		15.00



		

		17.5

		–6

		0.20

		–53

		22.80



		

		

		–10

		0.40

		–40

		7.70







[bookmark: _Hlk13728925]A6.5	Summary of Study B

[bookmark: _Hlk13817382][Editor’s note WP 4C: there may be a need to clarify the high, reduced and some in the text below by the results values output from the study.]

[Editor’s note WP 5D: this note have been addressed below]

[Editor’s note WP 4C: the summary of the blocking studies will be further reviewed after the discussion about the blocking of MSS receiver finalized.]

[Editor’s note WP 5D: WP 5D has noted this note and expects the resolution of this issue by WP 4C.]

The analysis has established the technical characteristics of the IMT and the MSS systems and determined the relevant scenarios to assess potential interference from IMT systems to MSS systems at 1 518 MHz.

Three different frequency separations between IMT and MSS were examined: 1 MHz, 3 MHz and 6 MHz. The analysis has, from the characteristics and parameters, developed an MCL analysis with the resulting required separation distances for the 3 different frequency separations. Interference due to out-of-band emissions from IMT base stations into the first MES channel above the frequency separation and due to blocking of the MES were considered separately. It is noted that the IMT block ends at 1 517 MHz in this study.

Furthermore, the analysis contains results from a number of Monte Carlo simulations of the impact on a user of a MES terminal in an area with IMT coverage for the 3 different frequency separations.

The results of the simulations show that there will be a degree of interference irrespective of the selected frequency separation.

[bookmark: _Hlk13817393]With the assumed values for IMT e.i.r.p. and OOBE and current values of MES receiver blocking, the interference at 1 MHz frequency separation is high from both IMT OOBE and MES receiver blocking. However, at frequency separations of 3 MHz and 6 MHz the interference from IMT OOBE is reduced but the interference due to receiver blocking remains high for current MESs. 

The studies B1, B2 and B3 found that probability of interference from OOB emissions for 1 MHz frequency separation is in the range from 0% to 100%, for 3 MHz frequency separation is in the range from 0% to 10.4% and for 6 MHz frequency separation is in the range from 0% to 7.2%. For blocking values ranging from −25 dBm to −60 dBm the interference probability is from 0% to 89.6%. The range of IMT BS OOBE values used in the studies is from −0.8 to −80 dBm/MHz depending on the frequency separation from the channel edge. The OOB emission level to meet 1% and 0.1% probability of interference is within the range −47 dBm/MHz up to −34 dBm/MHz.

The analysis also examines the impact of a number of methods for mitigation of interference including a reduction in the IMT OOBE and a future expectation for the MES receiver blocking characteristics. When the future expectations for MES receiver blocking is also taking into consideration, the interference due to receiver blocking is reduced to similar levels as for IMT OOBE interference (for frequency separations of 3 MHz and 6 MHz).

There may be a need to provide protection for MES at seaports and airports, and hence there may be a need to apply other mitigation techniques to IMT BSs in the vicinity of seaports and airports for the frequencies at the top end of the 1 492-1 518 MHz frequency band to avoid interference to MESs.

Based on the final results of this compatibility studies, this study concludes that: 

–	The minimum in-band blocking characteristic for land mobile earth stations receivers from a 5 MHz broadband signal interferer (IMT) operating below 1 518 MHz should be −30 dBm above 1 520 MHz[footnoteRef:20]; [20: 	When the MES operates above 1 520 MHz.] 


–	The base station unwanted emission limits e.i.r.p. for a broadband signal interferer (IMT) operating below 1 518 MHz should be −30 dBm/MHz above 1 520 MHz.

–	The maximum in-block e.i.r.p. for base stations operating in 1 512-1 517 MHz should be 58 dBm per cell[footnoteRef:21]. [21: 	In a multi-sector site, the value per ‘cell’ corresponds to the value for one of the sectors.] 






Annex 7

Study C

The following results for this study are based on protection criteria of I/N = -6 and -10 dB.



A7.1	Analysis for interference from UE to MES

Technical characteristics of IMT user terminal (UE) are provided in Table A7-1.

Table A7-1

IMT terminal characteristics

		Parameter

		Unit

		Values 



		Transmit frequency

		MHz

		1492-1518



		Cell Bandwidth

		MHz

		10



		Deployment

		-

		Macro (urban, suburban) 



		Average base station activity

		

		50%



		Maximum transmitter power

		dBm

		23



		Average user terminal output power

		dBm

		2 dBm for rural, –9 dBm for urban and suburban 



		Maximum antenna gain

		dBi

		-3



		Body loss

		dB

		4



		Antenna height

		m

		1.5



		Polarization

		dB

		Linear



		Antenna pattern

		-

		Recommendation ITU-R F.1336-4 OMNI



		Macro cell radius

		km

		5 km in rural, 1 km (suburban), 0.5 km (urban)



		User terminal density in active mode

		

		3/5 MHz/km2 for urban

2.16/5 MHz/km2 for suburban 







A7.1.1	Land analysis

Interference probabilities from the IMT UEs OOBE into MSS (Land) are provided in this section:

OOBE of -20 dBm/MHz case:

table A7-2

Interference probability from IMT UE OOBE (-20 dBm/MHz case)

		System

		MES antenna gain (dBi)

		Interference probability (%)



		

		

		Urban scenario

		Suburban scenario



		

		

		I/N = -6

		I/N = -10

		I/N = -6

		I/N = -10



		MSS 1

		3

		8.8

		12

		2.4

		3.8



		

		17.5

		4.8

		5.6

		2.6

		3.2



		MSS 2

		1

		9

		12.6

		3.6

		4.2



		

		6

		9.6

		11.8

		4.2

		6.2



		

		12

		8

		9

		1.8

		3.2



		MSS 3

		1

		7.6

		10

		3

		3.8



		

		6

		7.6

		10.4

		3.2

		4.8



		

		12

		6

		8.2

		1.8

		2.4







The following figures show different CDF for the case of MSS 2 which appears to be the worst case among the 3 MSS terminals evaluated:

FIGURE A7-1

CDF graph of Urban MSS2 -20 dBM/MHz OOBE case
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table A7-3

Interference probability from IMT UE OOBE (-30 dBm/MHz case)

		System

		MES antenna gain (dBi)

		Interference probability (%)



		

		

		Urban scenario

		Suburban scenario



		

		

		I/N = -6

		I/N = -10

		I/N  = -6

		I/N = -10



		MSS 1

		3

		3

		3.6

		1.4

		1.8



		

		17.5

		3.4

		5.4

		1.8

		2.2



		MSS 2

		1

		3.8

		6

		1.6

		2.2



		

		6

		4.2

		5.2

		2.2

		2.8



		

		12

		3.6

		4.6

		1

		1.6



		MSS 3

		1

		3.2

		4.4

		1

		1.6



		

		6

		3.4

		4.2

		1.8

		2.2



		

		12

		2.8

		3.8

		1

		1





FIGURE A7-2

CDF graph of Urban MSS2 -30 dBM/MHz OOBE case
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Evaluation of MES Blockage probability within 1 518-1 525 MHz: 

table A7-4

 Probability of MES Blocking 

		System

		MES antenna Gain (dBi)

		Interference probability (%)



		

		

		Urban scenario

		Suburban scenario



		MSS 1
(-43 dBm, 200 K reference bandwidth)

		3

		0

		0



		

		17.5

		0

		0



		MSS 2
(-70 dBm, 31.25 K reference bandwidth)

		1

		0.2

		0



		

		6

		0.4

		0



		

		12

		0.6

		0.2



		MSS 3
(-70 dBm, 156.25 K reference bandwidth)

		1

		1.4

		0.4



		

		6

		0.8

		0.2



		

		12

		1

		0.4







FIGURE A7-3

CDF graph of blocking
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A7.1.2	Impact of IMT terminal unwanted emission on MES receiver in land environment

The study results below contain an extension to the MCL. It covers an artificial situation where the MES is always allocated the 1st adjacent channel above the frequency separations (1 MHz, 3 MHz or 6 MHz), but moves randomly around in the area of IMT coverage.

A7.1.3		Land based MES

TABLE A7-5

Area and frequency analysis results of interference from the IMT UEs OOBE into MSS in % probability (Land), normal environment

		Adjacent emission level above 1 520 MHz

		MES antenna gain (dBi)

		I/N (dB)

		Non-Interference probability (%)



		

		

		

		Rural scenario

		Suburban scenario
(P.1546 model)

		Urban scenario
(P.1546 model)



		-10 dBm/MHz

		3

		-6

		100

		98.2

		93.5



		

		

		-10

		100

		96.8

		88.6



		

		17.5

		-6

		100

		>98.2

		>93.5



		

		

		-10

		100

		>96.8

		>88.6



		-20 dBm/MHz

		3

		-6

		100

		99.5

		98



		

		

		-10

		100

		99.1

		96.5



		

		17.5

		-6

		100

		>99.5

		>98



		

		

		-10

		100

		>99.1

		>96.5



		-30 dBm/MHz

		3

		-6

		100

		100

		99.1



		

		

		-10

		100

		99.9

		98.6



		

		17.5

		-6

		100

		100

		>99.1



		

		

		-10

		100

		>99.9

		>98.6







A7.2	Summary of Study C

[bookmark: _Hlk13846760]Interference probabilities from the IMT UEs OOBE into MSS (Land) are provided in this study.

Three MSS systems are considered as victim, where MSS 2 was found to be the worst case among the 3 MSS terminals evaluated. Two OOBE values were considered for the analysis assuming I/N protect criterion ratio of -6 /-10 dB.

For MSS 2 (OOBE of -20 dBm/MHz) case:

	Interference probabilities which exceed I/N protect criterion ratio of (-6 /-10 dB) is almost 0% for rural scenario, less than (2-9.6% / 3.5-12.6%) in urban scenario and less than (0.5-4.2% / 0.9-6.2%) in suburban scenario.

For MSS 2 (OOBE of -30dBm/MHz) case:

	Interference probabilities which exceed I/N protect criterion ratio (-6 /-10 dB) is almost 0% for rural scenario, less than (0.9-4.2% / 1.4-5.2%) in urban scenario and less than (0-2.2% / 0.1-2.8%) in suburban scenario.

The results of analysis for OOBE of -10 dBm/MHz has shown that interference probabilities which exceed I/N protect criterion ratio of -6 /-10 dB showed almost 0% interference probability for rural scenario, less than 6.5% / 11.4% in urban scenario and less than 1.8% / 3.2% in suburban scenario.

For the evaluation of MES Blockage probability within 1 518-1 525 MHz:

	Interference probabilities which exceed the MSS 2 tolerable blockage level of -70 dBm is less thanaround 0.6% to 1.4% in urban scenario and less thanaround 0.2% to 0.4% in suburban scenario.





Annex 8

Study D

A8.1	Protection of MSS terminal receivers from overload/blocking from IMT BS

MSS terminals are designed to receive relatively weak signals from geostationary satellites ~36 000 km above earth, while in motion.  As such, they have to be extremely sensitive in order to receive such a weak signal. High power IMT base stations deployed geographically much closer to these terminals in adjacent spectrum can cause an overload/blocking in the MSS terminal receivers, blocking the terminals from being able to connect to the satellite network. 

The susceptibility of the terminals to overload interference varies across different devices (see different blocking performances in section 3). While next generation devices will be designed to better withstand this interference, in order to provide continued operation of currently deployed MSS terminals, regulators can implement IMT in a way that ensures co-existence between IMT and current MSS services.

This could be accomplished by adopting a phased approach, with phase 1 dealing with measures to ensure continued operation of currently deployed terminals while phase 2 would involve more relaxed measures to ensure compatibility with next generation terminals which are expected to have increased blocking level than current terminals standards.

A8.1.1	Land MESs

Current MSS land terminals were designed in compliance to the standards that were applicable at the time they were deployed for operation; examples of these standards are ETSI standards TS 101 376-5-5 (which defines blocking requirements as -70 dBm) and TS 101 377-5-5 (which defines blocking requirement as -43 dBm). In these standards, the blocking test signal is defined as a CW signal.

A8.1.1.1	Derivation of IMT BS maximum e.i.r.p. limits required to protect current and next generation land MESs

To protect MESs operating in the same area as the IMT deployment, the protection against MES receiver overload/blocking caused by IMT BS could be achieved by limiting the maximum IMT BS e.i.r.p.

In order to ensure continued operation of currently deployed MSS terminals operating in the adjacent band as well as next generation terminals, it is necessary to derive the maximum BS e.i.r.p. limits at different frequency offsets that would be required to protect MESs from blocking interference.

In order to determine the maximum BS e.i.r.p. required to protect current MESs in the field and next generation terminals, it is necessary to consider the following:

–	IMT BS deployment scenario (Rural, suburban, Urban).

–	The deployment scenario that results in the highest blocking signal at the MES.

–	MESs blocking performance at frequency offsets of 0, 1, 3, 6, 8, 11 and 16 MHz from 1 518 MHz.

A8.1.1.2	IMT Deployment Scenarios

Generally, three deployment scenarios can be considered, and these are listed below with their relevant parameters in Table 8A-1:

Table A8-1

IMT BS deployment scenarios and their associated technical and deployment parameters

		Deployment scenario

		IMT BS Max e.i.r.p. 
(dBm)

		Antenna height
(m)

		Antenna down tilt 
(deg)



		Rural

		61

		30

		3



		Suburban

		59

		30

		6



		Urban

		59

		25

		10







Taking into account the parameters from the above deployment scenarios (Rural, Suburban and Urban), propagation losses associated with each of these deployment scenarios and representative MES characteristics, the maximum blocking interference level that can be received at the MES from IMT BSs can be calculated for each deployment scenario as shown in the Table A8-2 below. 

Table A8-2

IMT BS deployment scenarios and the maximum receiver signal level at the MES

		Deployment scenario

		Max interfering signal received at MES antenna connector 
(dBm)

		Distance at which the max interfering signal
is received at the MES 
(m)



		Rural

		–21.5

		40



		Suburban

		–11.0

		40



		Urban

		–9.5

		40







From the above, Table A8-2, the worst case with respect to blocking interference is urban deployment scenario which results in a received blocking interference level of -9.5 dBm.

A8.1.1.3	Measured blocking performance of current and next generation land MESs

In order to determine the IMT BS e.i.r.p. reduction required to ensure protection of land MESs from IMT deployment at different frequency offsets from 1 518 MHz, it is necessary to determine the blocking performance of MESs at different frequency offsets from 1 518 MHz. The tables are shown in this matter to give highest flexibility to administrations in deploying IMT, depending on the terrestrial IMT channel arrangement and IMT base station deployment scenario. The blocking performance of the most susceptible current terminals available for testing and next generation land MESs are as shown in Table A8-3 and Table A8-4 below respectively.

Table A8-3

Current land portable MES blocking performance at different frequency offsets

		Frequency offset

		0 MHz Offset

		1 MHz Offset

		3 MHz Offset

		6 MHz Offset

		8 MHz Offset

		11 MHz Offset

		16 MHz Offset



		Blocking (dBm/5 MHz)

		–63

		–63

		–60

		–56

		–53

		–49

		–41







Table A8-4

Next generation land portable MES blocking performance at different frequency offsets

		Frequency offset

		0 MHz Offset

		1 MHz Offset

		3 MHz Offset

		6 MHz Offset

		8 MHz Offset

		11 MHz Offset

		16 MHz Offset



		Blocking (dBm/10 MHz)

		–50

		–33

		–27

		–18

		–15

		–14

		N/A







By considering the blocking performances of current and next generation terminals given above, and the results of Table A8-2, the IMT BS maximum e.i.r.p. limits that ensure protection of current and next generation terminals is derived as shown in Table A8-5 and Table A8-6 respectively.

Table A8-5

Proposed e.i.r.p. limits required to protect current MESs from IMT BS deployment at difference frequency offsets from the 1 518 MHz when MESs are operated in the same area as terrestrial 
IMT deployment (separation distance of 40 m)

		Deployment scenario

		IMT BS Maximum e.i.r.p. 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 0 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 1 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 3 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 6 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 8 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 11 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 16 MHz Offset 
(dBm)



		Rural

		61

		19.5

		19.5

		22.5

		26.5

		29.5

		33.5

		41.5



		Suburban

		59

		7.0

		7.0

		10.0

		14.0

		17.0

		21.0

		29.0



		Urban

		59

		5.5

		5.5

		8.5

		12.5

		15.5

		19.5

		27.5







Table A8-6

Proposed e.i.r.p. limits required to protect next generation MESs from IMT BS deployment at difference frequency offsets from the 1 518 MHz when MESs are operated in the same area as terrestrial 
IMT deployment (separation distance of 40 m)

		Deployment scenario

		IMT BS Maximum e.i.r.p. 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 0 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 1 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 3 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 6 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 8 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 11 MHz Offset 
(dBm)

		Required e.i.r.p. limit for IMT BS deployed with 16 MHz Offset 
(dBm)



		Rural

		61

		32.5

		49.5

		55.5

		64.5

		67.5

		68.5

		N/A



		Suburban

		59

		20.0

		37.0

		43.0

		52.0

		55.0

		56.0

		N/A



		Urban

		59

		18.5

		35.5

		41.5

		50.5

		53.5

		54.5

		N/A







These e.i.r.p. values apply to IMT base stations deployed outdoors. Based on the above analysis, to provide sufficient protection to land-based MESs, IMT base station e.i.r.p. should be limited according the values contained in Tables A8-5 and A8-6. Indoor deployment scenarios have not been considered in this study, and for such deployments, the e.i.r.p. values may be exceeded by an amount equal to building penetration loss, such that the same protection would be afforded to MESs.

A8.1.2	Maritime and aeronautical MESs

The risk of interference for maritime and aeronautical MESs is when the MESs are located in and around ports and airports respectively and when the IMT base stations are deployed in the same areas.

Since the studies contained in Annex 6 were developed, additional results of blocking performance for aeronautical and maritime terminals have been obtained. The CEPT compatibility studies only considered blocking interference resulting from a single 5 MHz LTE block at 1 512‑1 517 MHz, however, in real deployment scenarios, more than one LTE carrier/channel transmissions from an IMT BS below 1 517 MHz can occur, for which the resulting blocking effect on MESs is worse than when only one LTE carrier/channel is considered. This is due to the multicarrier LTE channels causing intermodulation effect inside the receiver which degrades the receiver performance further.

The blocking performance of different types of current maritime and aeronautical terminals was measured against single and multiple LTE channels. The terminal blocking performance resulting from a single LTE channel was measured by simulating an IMT BS transmitting a single 5 MHz LTE channel at 1 512-1 517 MHz, while the terminal blocking performance resulting from multiple LTE channels was measured by simulating an IMT BS transmitting simultaneously combinations of the following LTE channels: (1) a 5 MHz LTE channel at 1 512-1 517 MHz, (2) a 10 MHz LTE channel at 1 502-1 512 MHz and (3) a 10 MHz LTE channel at 1 492-1 502 MHz.. 

The expected blocking performances of next generation maritime and aeronautical terminals (based on simulated receiver modelling by manufacturers), were also estimated against single and multiple LTE channels.

A8.1.2.1	Blocking performances of current Maritime and aeronautical MESs

The blocking performances (most susceptible) of current maritime and aeronautical terminals against single and multiple LTE channels at different frequencies for 1 dB receiver sensitivity loss were measured and the results are given below in Tables A8-7 and A8-8.

Table A8-7

Measured blocking performance of current maritime and aeronautical current terminals 
from a single LTE channel at different frequencies

		Terminal type

		Frequency range 
(MHz)



		

		1 492-1 502

		1 502-1 512

		1 512-1 517



		Maritime (dBm) 

		–53

		–68

		–76



		Aeronautical (dBm)

		–21

		–35

		–50.3







Table A8-8

Measured blocking performance of current maritime and aeronautical MESs 
from aggregate multiple LTE channels 

		Terminal Type/Model

		Aggregate blocker power level at MES RX input from LTE channels in 1 492-1 512 MHz 
(dBm)

		Blocker power level at MES RX input from an LTE channel at 1 512-1 517 MHz 
(dBm)



		Maritime

		–67

		–78



		Aeronautical

		–45.6

		–55.5







A8.1.2.2	Blocking performances of next generation maritime and aeronautical MESs

The expected blocking performances of next generation maritime and aeronautical terminals (based on simulated receiver modelling by manufacturers), were also estimated against single and multiple LTE channels, and the results are given below in Tables A8-9 and A8-10 respectively.

Table A8-9

The expected blocking performances of next generation maritime and aeronautical terminals 
resulting from a single LTE block at different frequencies

		Blocking signal

		Frequency range

		Blocking level at the antenna connector of MSS terminal 



		LTE signal

		1 492-1 512 MHz

		-20 dBm



		

		1 512-1 517 MHz

		-30 dBm







Table A8-10

The expected blocking performances of next generation maritime and aeronautical terminals 
resulting from multiple LTE channel

		Maximum aggregate blocker power at MES antenna connector from LTE blocks in 1 492-1 512 MHz

		Maximum blocker power at MES antenna connector from LTE block at 1 512-1 517 MHz 



		-23 dBm

		-33 dBm







A8.1.2.3	Blocking values to be used for calculation of pfd limits on IMT BS

In order to ensure protection of maritime and aeronautical terminals at seaports and airports, it is proposed to apply a protection measure based on pfd limits on the IMT BS transmission. The pfd limits to protect maritime operations would be applied to the boundary of the areas where ships use MES terminals, which means ports, coastal areas, and some inland waterways. The pfd limits to protect aeronautical operations would be applied to the boundary of the areas where aircraft operate on the ground, which means most international airports and some maintenance facilities.

The pfd limits should be applied in two phases. For phase 1, the pfd limits presented below are based on the measured blocking performance of the most susceptible current maritime and aeronautical terminals. Administrations could also develop pfd values based on different blocking performance values. Phase 2 would involve more relaxed constraints on IMT BSs as the pfd limits presented below are based on next generation terminals, which are expected to be more resilient to blocking.

Two sets of pfd limits would be defined for IMT BS depending on single or multiple LTE channel transmissions for both phase 1 and phase 2 based on the blocking performances given Table A8-11 and Table A8-12 below.

Table A8-11

Blocking values to be used for pfd calculation for IMT BS transmitting single channel at different frequencies

		Phase

		Phase 1

		Phase 2



		LTE Frequency range 
(MHz)

		1 492-1 502

		1 502-1 512

		1 512-1 517

		1 492-1 502

		1 502-1 512

		1 512-1 517



		Ports and inland waterways (blocking level dBm)

		–53

		–68

		–76

		No limit required

		–20

		–30



		Airports (blocking level dBm)

		–21

		–35

		–50.3

		No limit required

		–20

		–30







Table A8-12

Blocking values to be used for pfd calculation for IMT BS transmitting multiple channels 

		Phase

		Phase 1

		Phase 2



		Frequency range 
(MHz)

		1 492-1 512

		1 512-1 517

		1 492-1 512

		1 512-1 517



		Ports and inland waterways (blocking level dBm)

		–67

		–78

		–23

		–33



		Airports (blocking level dBm)

		–45.6

		–55.5

		–23

		–33







A8.1.2.4	Proposed IMT Base Station PFD Limits to protect maritime and aeronautical MESs

Taking the blocking values from Tables A8-11 and A8-12, the corresponding pfd limits on IMT BS transmitting a single and multiple channels for both phase 1 and phase 2 can be derived using the methodology given in Annex 3, and the results are as shown in Table A8-13 and Table A8-14 for IMT BS transmitting single and multiple channels respectively.

Table A8-13

pfd limits on IMT BS transmitting a single channels

		Phase

		MSS terminal antenna gain (dBi)

		Phase 1

		Phase 2



		

		

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)



		Ports and inland waterways

		3

		–60.9

		–75.9

		–83.9

		No limit required

		–27.9

		–37.9



		

		19

		–76.9

		–91.9

		–99.9

		No limit required

		–43.9

		–53.9



		Airports

		3

		–28.9

		–42.9

		–58.2

		No limit required

		–27.9

		–37.9



		

		17

		–42.9

		–56.9

		–72.2

		No limit required

		–41.9

		–51.9







These pfd values are based on an MES with a range of antenna gain values. There are some cases where the antenna gain towards the horizon can exceed 3 dBi, in particular where high gain aeronautical MES antennas (maximum 17 dBi) and high gain maritime MES antennas (maximum 19 dBi) are used with a low elevation angle towards the satellite. pfd values for these cases are included in the table.

Table A8-14

pfd limits on IMT BS transmitting multiple channels

		Phase

		MSS terminal antenna gain 
(dBi)

		Phase 1

		Phase 2



		

		

		pfd limit for emissions in the band 1 492-1 512 MHz 
(dBW/m2)

		pfd limit for emissions in the band 1 512-1 517 MHz 
(dBW/m2)

		pfd limit for emissions in the band 1 492-1 512 MHz 
(dBW/m2)

		pfd limit for emissions in the band 1 512-1 517 MHz 
(dBW/m2)



		Ports and inland waterways

		3

		–74.9

		–85.9

		–30.9

		–40.9



		

		19

		–90.9

		–101.9

		–46.9

		–56.9



		Airports

		3

		–53.5

		–63.4

		–30.9

		–40.9



		

		17

		–67.5

		–77.4

		–44.9

		–54.9







There are some cases where the antenna gain towards the horizon can exceed 3 dBi, in particular where high gain aeronautical MES antennas (maximum 17 dBi) and high gain maritime MES antennas (maximum 19 dBi) are used with a low elevation angle towards the satellite. pfd values for these cases are included in the table.

Administrations may be needed to adjust the pfd values according to the particular circumstances of their country taking into account the satellite location, including elevation and azimuth, within their country and the consequential antenna discriminations. 

A8.2	Summary of Study D

This study addresses the protection of MESs from blocking interference, taking into account MESs currently operating in the field, and the anticipated blocking performance of next generation MESs. Base station e.i.r.p. limits are developed that would protect land MSS operations, when MESs are operated in the same area as terrestrial IMT deployment (Tables A8-5 and A8-6 based on the separation distance of 40 m).

Measured blocking performance data shows that maritime and aeronautical MESs are typically more sensitive to blocking interference than land MESs, but require protection only at a limited set of locations where IMT base stations might be deployed close to those MESs (e.g. near to port and airports). For these cases, pfd limits are developed that would be applied to IMT operations in the areas where maritime and aeronautical MESs operate (Tables A8-13 and A8-14). 





Annex 9

Study E

A9.1	Analysis for interference from UE to MES

A9.1.1	Compatibility scenarios

This study evaluates compatibility between IMT in L-Band 1 427-1 518 MHz and MSS in the frequency band (1 518-1 559 MHz), in accordance with Resolution 223 (Rev.WRC-15), considering the following:

–	Impact of IMT terminals unwanted emission on MES receiver in land environment;

A9.1.2	Methodology

This study considers statistical analysis based on Monte Carlo simulations instead of MCL calculation. Monte Carlo simulations have been developed to provide information about what the risk of interference is to a user when both the interferer and the victim system are operating in close to normal conditions as possible.

In the performed Monte Carlo analysis, it is assumed that the MES may be located at any location within the IMT coverage area. By randomising the location of the MESs and determining the interference at each location, the probability of interference can be assessed.

This addresses the interference probability for a mobile (MES) user and is also taking into account that the MSS system will allocate a channel from within the MSS band to that user. 

The deployment of the IMT network is based on the information in Report ITU-R M.2292. The typical macro cell coverage is formed of three hexagons, as illustrated in Figure A9-1.

Figure A9-1

Macro cell geometry (A is the cell radius and B is the inter-site distance)

[image: ]

[bookmark: _Ref467253675][bookmark: _Toc467233341][bookmark: _Toc422995343][bookmark: _Toc321839690][bookmark: _Ref304910487][bookmark: _Toc304749331][bookmark: _Toc302483354][bookmark: _Toc293702689]A9.1.3	Technical characteristics of IMT terminal

[bookmark: _Ref458809409][bookmark: _Ref303185870]According to Report ITU-R M.2292, find below the Table A9-1 about “IMT Terminal characteristics”.

Table A9-1

IMT terminal characteristics

		Parameter

		Unit

		Value



		Downlink Transmit frequency

		MHz

		1 492-1 518



		Cell Bandwidth

		MHz

		10



		Deployment

		-

		Macro (urban, suburban)



		Average base station activity

		

		50%



		Indoor user terminal usage

		

		70%



		Indoor user terminal penetration loss

		dB

		20



		Maximum transmitter power

		dBm

		23



		Average user terminal output power

		dBm

		2 dBm for rural, -9 dBm for urban and suburban



		Maximum antenna gain

		dBi

		–3



		Body loss

		dB

		4



		Antenna height

		m

		1.5



		Polarization

		dB

		Linear



		Antenna pattern

		-

		Recommendation ITU-R F.1336-4 OMNI



		Macro cell radius

		km

		5 km in rural, 1 km (suburban), 0.5 km (urban)



		User terminal density in active mode

		

		3/10 MHz/km2 for urban

2.16/5 MHz/km2 for suburban







The IMT cell radius is configured to be 5 Km for rural, 1 km for suburban scenario and 0.5 km for urban scenario.

The IMT terminals are distributed uniformly, the number of active terminals are set to 3 terminals in rural, 2 terminals in suburban and 1 terminals in urban per cell per 5 MHz.

A9.1.4	IMT UE OOB values

IMT UE OOB values that cause interference less than 0.1% of time are evaluated. Due to the power control of IMT UE, the average in band UE output power is considered based on Report ITU‑R M.2292. 

A9.1.5	Technical characteristics of MSS

[bookmark: _Toc302483357][bookmark: _Toc304749334][bookmark: _Toc321839693][bookmark: _Toc422995349][bookmark: _Toc467233347]Recommendation ITU-R M.1184 contains a range of characteristics of MSS systems operating in these bands. MSS terminal’s characteristics considered in this study are provided in Table 1 of section 3 of this report with protection criteria of I/N = -15.2 and -20 dB and the antennae patterns are in Table 2 of the same section.

[bookmark: _Toc422995352][bookmark: _Toc467233350]A9.1.6	Propagation models and environments 

1	Rural case – Recommendation ITU-R P.1546-5 with 4 m clutter height.

2	Suburban case – Recommendation ITU-R P.1546-5 with 10 m clutter height.

3	Urban case – Recommendation ITU-R P.1546-5 with 20 m clutter height.

A9.1.7	Results and summary

A9.1.7.1	Land analysis

IMT UEs OOB e.i.r.p. into MSS (Land) for less than 1% of interference are provided in this section:

table A9-2

[Title]

		System

		MES antenna gain (dBi)

		Less than 1% of time



		

		

		Urban

		Suburban

		Rural



		

		

		I/N =-20

		I/N =-15.2

		I/N = -20

		I/N = -15.2

		I/N = -20

		I/N = -15.2



		MSS 1

		3

		–66

		–61

		–69

		–65

		–45

		–40



		

		17.5

		–61

		–57

		–66

		–61

		–39

		–33



		MSS 2

		1

		–69

		–65

		–74

		–70

		–48

		–43



		

		6

		–66

		–62

		–72

		–67

		–45

		–40



		

		12

		–60

		–56

		–65

		–61

		–40

		–36



		

		32

		–55

		–50

		–60

		–56

		–30

		–25



		MSS 3

		1

		–69

		–64

		–73

		–69

		–47

		–43



		

		6

		–67

		–63

		–71

		–68

		–48

		–43



		

		12

		–61

		–55

		–66

		–61

		–34

		–35



		

		32

		–55

		–50

		–61

		–55

		–31

		–25







A9.2	Summary of Study E

This study is based on a Monte Carlo analysis using fixed MES frequency channel to assess the interference from IMT UE into land MES. It considered the MSS protection criteria of I/N = −15.2 and -20 dB, for different MSS systems in urban and suburban scenarios. The results in order to achieve availability of 99% for all of the MES systems under different scenarios the OOBE should be less than ‑74 dBm/MHz.



Annex 10

Study F

A10.1	Deterministic analysis for interference from UE to MES 

A10.1.1	Compatibility scenarios

This study evaluates compatibility between IMT in L-Band 1 427-1 518 MHz and MSS considering the impact of IMT UE unwanted emissions on MES receivers. The analysis is applicable to MESs used in the land environment based on a maximum level of interference and a minimum separation distance between the UE and MES of 10 m. The analysis method also addresses potential interference from IMT UEs to aircraft earth stations. Although the separation distance between aircraft passengers and the AES can be less than 10 m, the additional fuselage shielding should ensure adequate isolation between the cabin passengers and the AES. The analysis method also addresses potential interference from IMT UE to a ship earth station, provided that any passengers and crew using the IMT UE on the ship maintain at least 10 m separation from the ship earth station. 

A10.1.2	Methodology

A deterministic analysis is performed to analyse the impact of interference from the UE to MES. For a given set of parameter values for the UE and MES, the required separation distance is determined, and this is compared with the minimum acceptable separation distance of 10 m. The impact of UE in-band emissions to the MES is determined based or criteria of the blocking of the MES receiver. Separately, and the impact of UE OOB emissions on the MES is separately determined for different criteria for the maximum level of interference from OOB emissions.

A10.1.3	Technical characteristics of IMT terminal and MES

Technical characteristics of the IMT terminal are given in section 3.2 and for the MES are given in section 3.1. The study determines the acceptable level of UE OOB emissions to provide compatibility with MSS operations. To reduce the number of variables involved, and noting that MES receiver characteristics are similar, the MES characteristics are for “MSS-1” and the antenna gain is assumed to be fixed at 3 dBi.

Assessment of the acceptable level of UE in-band emissions requires criteria for the blocking of the MES. The acceptable blocking levels are used in Annex 4 are used here, with one set of criteria for current generation land MESs and another set of criteria for next generation land MESs with improved receiver performance.

A10.1.4	Results 

A10.1.4.1	Results for UE in-band emissions

Results for the consideration of UE in-band emissions are shown in Table A10-1 for current generation MESs and Table A10-2 for next generation MESs at different frequency offsets.

Table A10-1

Interference from in-band UE emissions to current generation land terminals

		Offset

		MHz

		0

		1

		3

		6

		8

		11

		16



		Maximum user terminal output power

		dBm

		23

		23

		23

		23

		23

		23

		23



		Typical antenna gain for user terminals

		dBi

		–3

		–3

		–3

		–3

		–3

		–3

		–3



		Body loss

		dB

		4

		4

		4

		4

		4

		4

		4



		UE e.i.r.p. towards MES

		dBm

		16

		16

		16

		16

		16

		16

		16



		MES antenna gain 

		dBi

		3

		3

		3

		3

		3

		3

		3



		MES receiver max interference

		dBm

		–63

		–63.0

		–60.0

		–56.0

		–53.0

		–49

		–41



		Minimum coupling loss

		dB

		82.0

		82.0

		79.0

		75.0

		72.0

		68.0

		60.0



		DistanceSeparation distance to meet the blocking levels of MES receivers (FSL)

		m

		198.0

		198.0

		140.2

		88.4

		62.6

		39.5

		15.7







TABLE A10-2

Interference from in-band UE emissions to next generation land terminals

		Offset

		MHz

		0

		1

		3

		6

		8

		11

		16



		Maximum user terminal output power

		dBm

		23

		23

		23

		23

		23

		23

		23



		Typical antenna gain for user terminals

		dBi

		–3

		–3

		–3

		–3

		–3

		–3

		–3



		Body loss

		dB

		4

		4

		4

		4

		4

		4

		4



		UE e.i.r.p. towards MES

		dBm

		16

		16

		16

		16

		16

		16

		16



		MES antenna gain 

		dBi

		3

		3

		3

		3

		3

		3

		3



		MES receiver max interference

		dBm

		–50

		–33.0

		–27.0

		–18.0

		–15.0

		–14

		NA



		Minimum coupling loss

		dB

		69.0

		52.0

		46.0

		37.0

		34.0

		33.0

		NA



		Separation distance to meet the blocking levels of MES receivers (FSL)

		m

		44.3

		6.3

		3.1

		1.1

		0.8

		0.7

		NA







These results show that with regard only to in-band interference from UE to land MES, transmitting UEs are not compatible with the current generation of land terminals if deployed in the same area (minimum separation distance of 10 m), but are compatible with next generation land MESs provided the UE operates below 1 517 MHz. As next generation aircraft earth stations and ship earth stations will have similar blocking capabilities as land MESs, this conclusion is also applicable to those earth stations.

A10.1.4.2	Results for UE OOB emissions

For the analysis of OOB emissions, this analysis examines interference with respect to the I/N criteria -20 dB, -15.2 dB, -10 dB and -6 dB. Table A10-3 shows the minimum coupling loss and distance for an OOB emission e.i.r.p. of -80 dBm/MHz.

TABLE A10-3

Interference from UE OOB emissions to land/ship/aircraft MESs

		

		

		OOB 1
(-20 dB)

		OOB 2
(-15.2 dB)

		OOB 3
(-10 dB)

		OOB 4
(-6 dB)



		UE e.i.r.p. towards MES

		dBm

		–80

		–80

		–80

		–80



		MES antenna gain 

		dBi

		3

		3

		3

		3



		MES reference bandwidth

		kHz

		1 000

		1 000

		1 000

		1 000



		MES noise temp

		K

		316

		316

		316

		316



		MES noise power

		dBm

		–113.6

		–113.6

		–113.6

		–113.6



		MES max OOB I/N

		dB

		–20

		–15.2

		–10

		–6



		MES receiver max interference

		dBm

		–133.6

		–128.8

		–123.6

		–119.6



		Minimum coupling loss

		dB

		56.6

		51.8

		46.6

		42.6



		Distance (FSL)

		m

		10.6

		6.1

		3.4

		2.1







The results show that the for UE OOB emission level of -80 dBm/MHz, the separation distance ranges from 10.6 m to 2.1 m for the four I/N criteria.



A similar calculation can be made for other values of UE OOB emissions of -70 dBm/MHz to ‑20 dBm/MHz. Figure A10.1 shows the corresponding distances for each of the four criteria in each case.

Figure A10-1

Required separation distance to meet I/N criterion, for UE OOB e.i.r.p. from -80 dBm/MHz to -20 dBm/MHz



It can be seen an UE OOB e.i.r.p. in the range -80 to -66 dBm/MHz is necessary to meet the MES UE protection criteria for a separation distance of 10m.

A10.2	Summary of Study F

This study considers the case of a transmitting UE operating below 1 517 MHz, as would be the case for IMT frequency arrangements for the band 1 427-1 518 MHz which use TDD. The study is based on the characteristics of land MESs operating in the same area as terrestrial IMT systems and is applicable to protection of aircraft earth stations and ship earth stations.

Considering first the compatibility with MES operation due to the in-band emissions from the UE causing potential blocking of the MES receiver, it can be seen that the UE operation is not compatible with current generation land MES if they are deployed in the same area (minimum separation distance of 10 m), but is compatible with next generation land MESs, provided the UEs operate below 1 517 MHz. As next generation aircraft earth stations and ship earth stations will have similar blocking capabilities as land MESs, this conclusion is also applicable to those earth stations.

Considering second the compatibility with MES operation due to OOB emissions from the UE, received by the MES, each of the four I/N criteria (-20 dB, -15.2 dB, -10 dB, -6 dB) have been used, along with a minimum separation distance of 10m between UE and MES. This leads to a maximum UE OOB e.i.r.p. emission level of -80 to -66 dBm/MHz which is applicable for protection of land, aircraft and ship earth stations.





Annex 11

Study G

A11.1	IMT UE interference into MES Analysis

The OOBE interference into MSS MES 1 for the deployment scenarios of suburban and urban are considered in this study.

A11.1.1	Technical characteristics

A11.1.1.1	Technical characteristics of IMT UE

The relevant parameters for the IMT UE according to Report ITU-R M.2292 are shown in Table A11-1 below.

[bookmark: _Ref536103450]Table A11-1

IMT UE characteristics 

		Parameter

		Unit

		Value



		Transmit frequency

		MHz

		1 492-1 518



		Bandwidth

		MHz

		5



		Deployment

		-

		suburban and urban



		Maximum transmitter power

		dBm

		23dBm



		Average user terminal output power

		dBm

		–9 dBm for urban and suburban 



		UE OOBE EIRP 

		dBm/MHz

		–20 (for suburban and urban)



		Maximum antenna gain

		dBi

		–3



		Body loss

		dB

		4



		Antenna height

		m

		1.5 m



		Polarization

		dB

		Linear 



		Antenna pattern

		-

		Recommeandation ITU-R F.1336-4 OMNI



		User terminal density in active mode

		

		2.16/5MHz/km2 for suburban 

3/5 MHz/km2  for urban 







A11.1.1.2	Technical characteristics of MES

The relevant parameters for the MES “MSS 1” are shown in Table A11-2.

[bookmark: _Ref536103496]Table A11-2

MES terminal characteristics

		Parameter

		Unit

		Value



		Receiver frequency

		MHz

		1 518



		Bandwidth

		kHz

		200



		Maximum antenna gain

		dBi

		3



		Antenna height

		m

		1.5 m



		Polarization

		dB

		RHCP



		Antenna pattern

		-

		(See Plot in Figure A11-1 below)



		MES receiver system noise temp (K)

		K

		316



		Blocking value

		dBm

		–43





[bookmark: _Ref536383304]Figure A11-1

MES antenna radiation pattern with 3 dBi peak gain

[image: ]

A11.1.2	Methodology

In order to determine the probability of interference a statistical analysis was carried out based on Monte-Carlo methodology. 

The Visualyse simulation tool was used for the Monte-Carlo analysis, where the simulation was set up with the MES located at the centre of the analysis area pointing at 90 degree elevation relative to the horizon. The analysis area is determined based on the user terminal density in active mode given in Table 1 and the number of UEs considered for the simulation in suburban and urban deployment scenarios; the IMT UEs are assumed to transmit in 5 MHz bandwidth. 10 UEs uniformly distributed in an area of 3.3 km2 were considered for the urban case and 21 UEs uniformly distributed in an area of 10 km2 for the suburban case.

A11.1.3	MSS MES Protection criteria

Protection criteria of I/N of -6 dB, -10 dB are used.

A11.1.4	Propagation models and environments 

The propagation model that was used in this analysis was Rrecommendation ITU-R P.1546-5 in Suburban and urban scenario as follows:

–	Suburban case: ITU-R P.1546-5 with 10 m clutter height placed at the MES receiver.

–	Urban case: ITU-R P.1546-5 with 20 m clutter height placed at the MES receiver.

Both of these scenarios are carried out with 50% location variability and 50% time percentage.

A11.1.5	Results of Monte-Carlo analysis

The results of the Monte-Carlo analysis using the assumptions and characteristics outlined above, to assess the probabilities of interference from the IMT UEs OOBE into MES are shown below in Table A11-3.

[bookmark: _Ref536391188]Table A11-3

Probability of UE OOBE interference results

		Scenario



Result

		Urban

		Suburban



		

		I/N =-6

		I/N =-10

		I/N =-6

		I/N =-10



		-20 dBm/MHz emission limit

		14.4%

		18.4%

		13.3%

		20.3%







The veracity of the results of the analysis carried out in this study using a Monte-Carlo simulation can be corroborated using simple probabilistic interference analysis using the same assumptions and technical characteristics. The corroborating statistical analysis is given in the sections below.

A11.1.6	Probabilistic interference analysis 

For the OOBE interference from IMT UE into the MES, a separate probabilistic analysis was used to determine the probability of interference exceeding the protection criteria. The methodology used was as follows:

1	An analysis area is considered for each of the deployment scenarios (suburban and urban) where the MES is located at the centre of the analysis area and one IMT UE is randomly placed anywhere within the analysis area.

2	The analysis area is determined based on the user terminal density in active mode given in Table A11-1 for each deployment scenarios (suburban and urban) and one IMT UE transmitting in 5 MHz bandwidth.

3	For each scenario, an interference area can be determined by calculating the minimum separation distance required (D) between the MES which is located at the centre of the analysis area and the UE to meet the protection criterion. When the UE is within a circular area of radius D from the location of the MES, then there is an occurrence of interference and when the UE is outside of this area, there is no occurrence of interference. This is illustrated in the diagram in Figure A11-2 below.

4	The probably of interference is determined by comparing the area where the interference from the IMT UE into the MES exceeds the protection criteria to the total analysis area (radius R), and from this, the probability of interference is calculated.

[bookmark: _Ref536130761]Figure A11-2

Showing big circle with radius R (interference analysis area) and small circle with radius D
(an area within which there is an interference)

[image: ]

Visualyse simulation tool was used to generate the propagation loss data for the above two deployment scenarios as shown in the plot below in Figure A11-3.

[bookmark: _Ref536132030]Figure A11-3

Propagation data for suburban and urban cases with 50% location variability and 50% time percentage

[image: ]

A11.1.7	Probabilistic interference analysis results 

Table A11-4 below shows the probabilistic OOBE interference analysis from IMT UE into MES. The same assumptions and technical characterises as the Monte-Carlo simulation were used to obtain the results for the suburban and urban cases with the protection criteria of I/N of -6 dB and −10 dB.

[bookmark: _Ref536133216]Table A11-4

Statistical OOBE interference analysis for suburban and urban cases with I/N of -6 dB and -10 dB 

[image: ]

Comparing the above results in Table A11-4 obtained using a simple probabilistic analysis with the results of the Monte-Carlo simulation given in Table A11-3, clearly show that the two sets of results are very close, corroborating the results of the Monte-Carlo simulation.

[bookmark: _Ref536392669]Table A11-5

Summary of results

		Scenario



Result

		Urban

		Suburban



		

		I/N = −6

		I/N = −10

		I/N = −6

		I/N = −10



		Monte-Carlo analysis

		13.9%

		21.4%

		13.7%

		22.2%



		Simple probabilistic analysis

		14.0%

		20.4%

		13.7%

		21.0%





A11.2	Summary of Study G

This study is based on a Monte Carlo statistical analysis to assess the impact of IMT UE OOBE interference into MESs. The analysis performed probabilities of interference for urban and suburban deployment scenarios, considering I/N protection ratio of -6 dB and -10 dB for each deployment scenario.

For the case of suburban deployment scenario, the results of probability of interference into MES for I/N of -6 dB was 13.3% and for I/N of -10 dB was 20.3%.

For the case of urban deployment scenario, the results of probability of interference into MES for I/N of -6 dB was 14.4% and for I/N of -10 dB was 18.4%.





Annex 12

Study H

Measures to address potential blocking of MES operating in bands adjacent to 1 518 MHz (including 1 525-1 559 MHz) at sea ports and airports

A12.1	Introduction

This study considers possible measures to protect MES terminals in airports, ports and inland waterways. It is based upon ECC Report 299 developed by the CEPT in order to assess the issue of ensuring protection to aeronautical and maritime terminals at airports and seaports.

As shown by studies in this report, the dominant interference effect is blocking. 

The study considers a scenario when administrations will adopt a two-phased approach.

–	During a phase 1 they will ensure the protection of MES terminals at seaports and airports considering the blocking level of terminals currently on the market. To this regard, it has to be noted that, as it can be seen from the measurements, in general, the blocking response of current terminals is not adapted to the presence of IMT in adjacent bands (see Articles 3.2 and 3.3 of the Radio Regulations). This is the due to the fact that these terminals were designed prior to the identification of the 1 452-1 518 MHz band to the IMT. It is assumed that the blocking responses for MES terminals will improve in the future. Phase 1 is supposed to last for a number of years, sufficient to allow the update of MES terminals.

–	During a second phase, based on ECC Report 263 and ECC Report 299, it is assumed that terminals in CEPT countries will have to comply with a blocking level of −30 dBm (for a frequency separation of 3 MHz). Therefore, a new set of pfd values is derived, more relaxed with respect to the ones in phase 1.

In order to ensure an efficient usage of the spectrum, and similarly to application of a cross-border coordination procedure, the pfd limits described could be treated as pfd coordination thresholds for base stations at the boundary where MSS terminals may operate and may need protection. Hence indoor installations at the harbour/airport could then be allowed as long as the pfd value outside the building is lower than the coordination threshold.

The reference height for pfd threshold at the "fence" should be calculated having in mind the height of a vessel/plane above ground level.

As long as pfd at the "fence" is kept under the co-ordination threshold, usage of the 1 492‑1 517 MHz should not have any other restrictions.

The study is structured as follows. First it is provided a set of measurements on current MES available on the market. Then the pfd thresholds are derived.

A12.2	Blocking level of existing aeronautical terminals

The blocking performance levels for a number of current aeronautical earth stations (AES) - Classic Aero and Swift Broadband (SB) terminals - have been measured. The list of terminal types tested is shown in Table A12-1 below. The AES terminal types E, F, G and H are the most widely deployed for air transport. 

[bookmark: _Ref519843729]Table A12-1

Types of aeronautical terminals tested

		Aeronautical Terminal Types

		Service

		Operational Band



		AES A

		Classic Aero and SB

		1 525-1 559 MHz



		AES B

		Classic Aero and SB

		1 525-1 559 MHz



		AES C

		Classic Aero and SB

		1 525-1 559 MHz



		AES D

		Classic Aero and SB

		1 525-1 559 MHz



		AES E

		Classic Aero and SB

		1 525-1 559 MHz



		AES F

		Classic Aero and SB

		1 525-1 559 MHz



		AES G

		Classic Aero

		1 530-1 559 MHz



		AES H

		Classic Aero

		1 530-1 559 MHz







Summaries of the measured blocking performance results against single and multiple LTE channels are given in the sections below.

A12.2.1	Blocking performance results from a single LTE channel transmission

The blocking performance for each of the AESs terminals listed above in Table A12-1 above was measured against a single 5 MHz LTE channel at 1 512-1 517 MHz, and a summary of the results for the most susceptible terminals Classic Aero (AES E) and SB (AES B) are presented in Table A12-2 below. 

[bookmark: _Ref519843805]Table A12-2

Measured blocking performance levels for Classic aero (AES E) and SB (AES B) resulting
 from a single LTE channel

		Terminal Type

		Blocking performance 
(dBm)

		Wanted carrier Frequency 
(MHz)



		Classic Aero (AES E)

		-50.3

		1 555.1



		SB (AES B)

		-40.8

		1 525.1







It is important to note that transmissions from LTE channels below 1512 MHz also cause blocking of the terminals. To illustrate this, the blocking performance levels for Classic Aero (AES E) and SB (AES B) were also measured against an LTE channel at different channels below 1 512 MHz and the results are shown in Table A12-3 below.

[bookmark: _Ref519843861]Table A12-3

Measured blocking performance levels for the most susceptible Classic aero (AES E) and SB (AES B)
from a single 5 MHz LTE channel at different frequency centres.

		LTE Centre frequency (MHz)

		Blocking performance of classic aero (AES E)
(dBm) 

		Blocking performance of SB (AES B) 
(dBm)



		1 514.5

		-50.3

		-40.8



		1 509.5

		-35

		-25.7



		1 504.5

		-35

		>-20



		1 499.5

		-25

		>-20





[bookmark: _Toc525544407][bookmark: _Toc528659169][bookmark: _Toc3285878]

A12.2.2	Blocking performance results from multiple LTE channel transmissions

The blocking performance levels for each of the AESs listed in Table A12-1 have also been measured against multiple LTE channels simultaneously transmitting, and the results for the most susceptible Classic aero (AES E) are shown in Table A12-4 below for two cases: (1) the three uppermost LTE channels in use; and (2) the two uppermost LTE channels in use.

[bookmark: _Ref519843936]Table A12-4

Measured blocking performance levels for Classic Aero (AES E) (most susceptible AES) 
from multiple LTE channels

		Case

		Measured blocking performance from LTE channel at 1 492-1 502 MHz (dBm)

		Measured blocking performance from LTE channel at 1 502-1 512 MHz (dBm)

		Measured blocking performance from LTE channel at 1 512-1 517 MHz (dBm)



		(1)

		-48.4

		-48.4

		-55.5



		(2)

		Not tested*

		-45.6

		-55.5



		* For case (2), there was no signal generated in the channel 1 492-1 502 MHz.
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A12.3	Blocking performance Levels for Current maritime MES terminals

A12.3.1	Blocking performance results from a single LTE channel transmission

Three different models of Inmarsat C and Fleet Broadband (FB) have been measured against a single 5 MHz LTE channel at various LTE centre frequencies between 1 512 and 1 517 MHz, and the results are presented in Table A12-5 below. Also presented are the approximate number and the year of production of each model, and the frequency at which the blocking test was carried out.

[bookmark: _Ref519844113]Table A12-5

Measured blocking performance levels for models of current Inmarsat C and FB maritime terminals
from a single LTE channel

		Terminal type

		Measured blocking performance
(dBm)

		Appx. Numbers of terminals

		% models within type

		Production Year

		Wanted carrier test frequency (MHz)



		Inmarsat C Model 1

		-76 to -71

		59000

		37%

		1995–2005

		1 537



		Inmarsat C Model 2

		-63 to -57

		24000

		15%

		1992–1995

		1 537



		Inmarsat C Model 3

		-34 to -30

		77000

		48%

		2005–2018

		1 537



		FB Model-1

		-62

		17000

		30%

		2005–2013

		1 525.1



		FB Model-2

		-38

		8000

		14%

		2007–2014

		1 525.1



		FB Model-3

		-30

		31000

		55%

		2012–2018

		1 525.1







Table A12-6 and Table A12-7 show the impact of interference from additional (lower frequency) LTE channels below 1517 MHz to Inmarsat C Model 1 and Inmarsat C Model 2, respectively.

[bookmark: _Ref867167]Table A12-6

Measured Inmarsat C (Model 1) blocking performance resulting from a single LTE channel 
at three different frequencies

		Terminal

		Measured blocking performance levels from LTE channel at
 1 492-1 502 MHz
 (dBm)

		Measured blocking performance levels from LTE channel at 
1 502-1 512 MHz 
(dBm)

		Measured blocking performance levels from LTE channel 
at 1 512-1 517 MHz
 (dBm)



		Model 1

		-53

		-68

		-76





[bookmark: _Ref867175]

Table A12-7

Measured blocking performance levels for Inmarsat C model-2 from a single 5 MHz LTE channel 
at different frequency centres

		LTE Centre frequency 
(MHz)

		Measured blocking performance 
from LTE channel 
(dBm)

		Test frequency
(MHz)



		1 509.5

		-50

		1 537



		1 504.5

		-41

		1 537



		1 499.5

		-36

		1 537



		1 494.5

		-32

		1 537



		1 489.5

		-24

		1 537



		1 484.5

		-20

		1 537







A12.3.2	Blocking performance results from multiple LTE channel transmissions

The blocking performance levels for the most susceptible models, Inmarsat C Model 1, Inmarsat C Model 2 and FB Model 1, have also been measured against multiple LTE channels transmitting simultaneously from one MFCN BS for two cases: (1) the three uppermost LTE channels in use; and (2) the two uppermost LTE channels in use, and the results are presented in Table A12-8 below.

[bookmark: _Ref534386716]Table A12-8

Measured blocking performance levels for Inmarsat C Model-1, Inmarsat C Model-2 and FB Model-1 
from multiple LTE channels

		Case

		Terminal Type/Model

		Measured blocking performance from LTE 
channel at 1492-1502 MHz 
(dBm)

		Measured blocking performance from LTE channel at 1502-1512 MHz (dBm)

		Measured blocking performance from LTE channel at 1512-1517 MHz (dBm)



		(1)

		FB Model-1

		-57

		-57

		-64



		(2)

		

		Not tested*

		-55

		-65



		(1)

		Inmarsat C Model 1

		-70

		-70

		-77



		(2)

		

		Not tested*

		-67

		-78



		(1)

		Inmarsat C Model 2

		-55

		-55

		-63



		(2)

		

		Not tested*

		-52

		-63



		* For case (2), there was no signal generated in the channel 1492-1502 MHz







[bookmark: _Hlk13674697]A12.4	Pfd values

In order to ensure protection of maritime and aeronautical terminals at selected seaports and airports respectively, one option is to apply a protection measure based on pfd limits for IMT BS and this methodology is described in this section. Two phases are proposed with a transition period as described in section A12-1. 

To minimise any potential blocking of next generation MES receivers, CEPT concluded in ECC Report 263 that the minimum out of-band blocking characteristic for land mobile earth stations receivers from a 5 MHz broadband signal interferer (LTE) operating below 1518 MHz shall be −30 dBm for the band above 1520 MHz, noting that the IMT block ends at 1517 MHz. The same blocking level value will be used for next generation maritime and aeronautical MESs. The value of the pfd limit for Phase 2 could be derived based on the −30 dBm blocking requirement above 1 520 MHz.

The value of the PFD limit for Phase 1 (i.e. during the transition period) could be derived by considering a more stringent (lower) value of blocking than −30 dBm. This value could be based on either:

–	existing regulation outside CEPT: FCC document FCC 05-30[footnoteRef:22], paragraph 63 based on CDMA-2000 instead of OFDM considered −52 dBm for 1-2 MHz frequency separation; −50 dBm would provide better protection for a larger frequency separation for the case of CEPT. It should be noted that Inmarsat C and Inmarsat aeronautical terminals are not included in this test; or [22:  FCC 05-30: "Flexibility for Delivery of Communications by Mobile Satellite Service Providers in the 2 GHz Band, the L-Band, and the 1.6/2.4 GHz Bands − Memorandum Opinion and Order and Second Order on Reconsideration", February 2005] 


[bookmark: _Hlk13674569][Editor’s note (WP 4C): additional information is sought regarding the type of MESs that were tested (including how they compare with parameters in section 3.1). Also additional information on the characteristics of the interfering IMT signal and how that compares with IMT characteristics in section 3.2, and the frequencies tested.]

[Editor’s Note (WP 5D): There was offline discussion at the 32nd WP 5D meeting regarding the questions posed by WP 4C, but no agreement was reached on new text for this part of the Report. WP5D will consider this matter further at a future meeting. In the offline discussion, it was noted that the MSS terminals used in the FCC study did not include aeronautical terminals or the maritime terminals that are most commonly used today although they are considered in FCC report (see page 24 paragraph 63) and for which their assumption are corroborated by other reference (see ECC Report 299 Table 3). There has been no analysis of how the resiliency of the terminals used by the FCC differ from those referred to in the other studies in this Report, but there is an expectation that the resiliency of terminals will improve in the future. The FCC regulations at the time of this study were based on an interfering signal of GSM/TDMA 800 or GSM 1800 system architecture. The FCC testing considered 2 narrow band (GSM, CW) and one broadband (CDMA2000 / IMT-2000) technologies in their measurements of the effect of an interfering source. GSM & CW present in general similar effects onto the MES while CDMA2000 was found to have greater interference potential. The FCC testing did not consider other broadband technology like IMT-Advanced or IMT-2020, as these did not exist at the time. The FCC tests considered interference from IMT above 1 525 MHz to MSS above 1 525 MHz for different frequency separations.]

–	blocking measurements performed by some manufacturers (see Section A12.2 for aeronautical receivers and Section A12.3 for maritime receivers).

When selecting a MES blocking requirement, it is possible to derive the maximum pfd limit using the following formula:

		

where:

		;

		

	

		

The areas in which maritime earth stations and aeronautical earth stations are protected through the application of these pfd limits, as well as the methods applied to achieve these limits, will be defined by administrations.

Examples of pfd limits based on regulation outside CEPT

The pfd limits in this section are based on measurements of MSS terminals conducted by FCC. FCC document FCC 05-30[footnoteRef:23], paragraph 63 based on CDMA-2000 instead of OFDM considered −52 dBm for 1-2 MHz frequency separation; −50 dBm would provide better protection for a larger frequency separation for the case of CEPT. It should be noted that Inmarsat C and Inmarsat aeronautical terminals are not included in this test. [23:  FCC 05-30: "Flexibility for Delivery of Communications by Mobile Satellite Service Providers in the 2 GHz Band, the L-Band, and the 1.6/2.4 GHz Bands - Memorandum Opinion and Order and Second Order on Reconsideration", February 2005] 


Table A12-9

pfd limits on MFCN BS transmitting a single channel

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBm/m2) 

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBm/m2

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBm/m2)



		Ports and inland waterways

		−12.9

		−12.9

		−27.9

		No limit required

		2.1

		-7.9



		Airports

		−12.9

		-12.9

		−27.9

		No limit required

		2.1

		-7.9





Table A12-10

pfd limits on MFCN BS transmitting multiple channels

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBm/m2) 

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBm/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBm/m2)



		Ports and inland waterways

		-12.9

		-12.9

		-27.9

		No limit required

		2.1

		-7.9



		Airports

		-12.9

		-12.9

		-27.9

		No limit required

		2.1

		-7.9







Examples of pfd limits based on blocking measurements performed by some manufacturers

For phase 1, the pfd limits in this section are based on the blocking measurements of the most susceptible terminal performed by some Satcom manufacturers which were presented in sections A12.2 and A12.3. For phase 2, the pfd limits in Table A12-11 are based on −20 dBm and −30 dBm blocking levels resulting from the band 1502-1512 MHz and the band 1512-1517 MHz respectively; and the pfd limits in Table A12-12 are based on −23 dBm and −33 dBm blocking levels resulting from the band 1492-1512 MHz and the band 1512-1517 MHz, respectively. 

Table A12-11

pfd limits on MFCN BS transmitting a single channel

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2) 

		pfd limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)



		Ports and waterways

		-60.9

		-75.9

		-83.9

		No limit required

		-27.9

		-37.9



		Airports

		-32.9

		-42.9

		-58.2

		No limit required

		-27.9

		-37.9







Table A12-12

pfd limits on MFCN BS transmitting multiple channels

		Phase

		Phase 1

		Phase 2



		

		pfd limit for BS emissions in the band 1 492-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 492-1 512 MHz (dBW/m2)

		pfd limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)



		Ports and waterways 

		-74.9

		-85.9

		-30.9

		-40.9



		Airports 

		-53.5

		-63.4

		-30.9

		-40.9
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[Editor’s note: There are some open issues that need to be further considered as follows:

1	The modified version of the paragraph at the beginning of Table 1 in Attachment 1 to the Annex of this PDRR ITU-R M.1036 needs to be further discussed.

2	With regards to the treatment of Section 4 “Frequency arrangements in the band 1 427‑1 518 MHz”, there were some concerns by certain ITU-R members to include section 4 in the revision of Recommendation ITU-R M.1036 and there was no agreement on this issue, while two views were expressed.

3	Concerning Note 5 under section 5, there is still a square bracket put for the last sentence of this note as there were no agreement reached.

Full description of the above issues are described in Att. 4.1 to Document 5D/1297 (Meeting Report of SWG Frequency Arrangements)].

Summary of the Revision

–	Information has been added regarding the bands identified for IMT at WRC-15 and the preamble text has been simplified.

–	The number of frequency arrangements in the band 450-470 MHz has been reduced to reflect current and planned implementations.

Scope

This Recommendation provides guidance on the selection of transmitting and receiving frequency arrangements for the terrestrial component of IMT[footnoteRef:1] systems as well as the arrangements themselves, with a view to assisting administrations on spectrum-related technical issues relevant to the implementation and use of the terrestrial component of IMT in the bands identified in the RR[footnoteRef:2]. [1:  	International Mobile Telecommunications (IMT) encompasses IMT-2000, IMT‑Advanced and IMT-2020,  as specified in Resolution ITU-R 56-2.]  [2:  	See also attachment 1 to the Annex.] 


The frequency arrangements are recommended from the point of view of enabling the most effective and efficient use of the spectrum to deliver IMT services —while minimizing the impact on other systems or services in these bands— and facilitating the growth of IMT systems.

This Recommendation is complemented by other ITU-R Recommendations and Reports on IMT that provide additional details on a number of aspects including unwanted emission characteristics for the bands addressed in this Recommendation and radio interface specifications.

Keywords

IMT, frequency arrangements, terrestrial component of IMT

Introduction

IMT-2000, third generation mobile systems, started service around the year 2000 and provide access by means of one or more radio links to a wide range of telecommunication services supported by the fixed telecommunication networks (e.g. PSTN/ISDN/Internet protocol (IP)) and to other services specific to mobile users. Since then, IMT-2000 has been continually enhanced.

A range of mobile terminal types is encompassed, linking to terrestrial and/or satellite-based networks, and the terminals may be designed for mobile or fixed use.

International Mobile Telecommunications-Advanced (IMT-Advanced) systems are mobile systems that include the new capabilities of IMT that go beyond those of IMT-2000. Such systems provide access to a wide range of telecommunication services including advanced mobile services, supported by mobile and fixed networks, which are increasingly packet-based.

IMT-Advanced systems support low to high mobility applications and a wide range of data rates in accordance with user and service demands in multiple user environments. IMT-Advanced also has capabilities for high-quality multimedia applications within a wide range of services and platforms providing a significant improvement in performance and quality of service.

International Mobile Telecommunications (IMT) encompasses both IMT-2000 and IMT-Advanced collectively.

Key features of IMT-2000 and IMT-Advanced are contained in Recommendations ITU-R M.1645 and ITU-R M.1822.

Frequency aspects and unwanted emission parameters are contained in Recommendations ITU-R M.1580, ITU-R M.1581, ITU‑R M.2070 and ITU‑R M.2071. Frequency arrangements may be included in Recommendation ITU‑R M.1036 before the associated companion Recommendations are updated to provide the generic unwanted emission characteristics of mobile and base stations using the terrestrial radio interfaces of IMT. 

Limits on the maximum unwanted emission characteristics are necessary to protect other radio systems including those in adjacent bands and to help establish the coexistence between different technologies for the bands addressed in this Recommendation.

The capabilities of IMT systems are being continuously enhanced in line with user needs and technology trends.

The following bands are identified for IMT in the Radio Regulations (RR) edition 2012. This identification does not preclude the use of these bands by any application of the services to which they are allocated or identified and does not establish priority in the Radio Regulations. It has to be noted that different regulatory provisions apply to each band. The Regional deviations for each band are described in the different footnotes applying in each band, as shown in Table 1.

TABLE 1

		Band 
(MHz)

		Footnotes identifying the
band for IMT



		450-470

		5.286AA



		698-960

		5.313A, 5.317A



		1 710-2 025

		5.384A, 5.388



		2 110-2 200

		5.388



		2 300-2 400

		5.384A



		2 500-2 690

		5.384A



		3 400-3 600

		5.430A, 5.432A, 5.432B, 5.433A





Keywords
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The ITU Radiocommunication Assembly,

considering

a)	that the ITU is the internationally recognized organization that has sole responsibility, in conformity with the ITU Constitution, Convention, and the Radio Regulations, to define and to recommend the standards and globally harmonized frequency arrangements for IMT systems, with the collaboration of other relevant organizations;

b)	that globally harmonized spectrum and globally harmonized frequency arrangements for IMT are desirable; to reduce the overall cost of IMT networks and terminals by providing economies of scale,  facilitating deployment and cross‑border coordination; 

c)	that a minimized number of globally harmonized frequency arrangements in the bands identified for IMT will reduce the overall cost of IMT networks and terminals by providing economies of scale, and facilitating deployment and cross‑border coordination;

c) 	that the use of the bands identified for IMT may not be harmonized globally due to different uses by other services in some countries;

d) 	that, when frequency arrangements cannot be harmonized globally, a common base and/or mobile transmit band would facilitate the development of terminal equipment for global roaming. A common base transmit band, in particular, provides the possibility to broadcast to roaming users all information necessary to establish a call;

e)	that, when developing frequency arrangements, possible technological constraints (e.g. cost efficiency, size and complexity of terminals, high speed/low power digital signal processing and the need for compact batteries) should be taken into account;

fe)	that guardbands for IMT systems should be minimized to avoid wasting spectrum taking into account the coexistence with other services and applications; 

g)	that when developing frequency arrangements, current and future advances in IMT (e.g. multimode/multiband terminals, enhanced filter technology, adaptive antennas, advanced signal processing techniques, techniques associated with cognitive radio systems, variable duplex technology and wireless connectivity peripherals) may facilitate more efficient use and increase overall utilization of radio spectrum;

f) 	that individual subscriber traffic and capacity dimensioning in IMT systems is expected to be dynamically asymmetric where the direction of asymmetry can vary rapidly within short (ms) time‑frames, while IMT network traffic may vary in asymmetry over the longer term (see Annex);

i)	that per-cell level traffic for IMT systems is expected to be dynamically asymmetric where the direction of asymmetry will vary based on the aggregate subscriber traffic;

j)	that IMT network traffic may change in asymmetry over the longer term;

g)	that the IMT-2000 radio interfaces are detailed in Recommendation ITU-R M.1457 and currently include two modes of operation – frequency division duplex (FDD) and time division duplex (TDD);

h)	that the IMT-Advanced radio interfaces are detailed in Recommendation ITU‑R M.2012 and include both FDD and TDD modes;





oi)	that a number of ITU-R Reports ITU-R M.2030, ITU-R M.2031, ITU-R M.2045, ITU-R M.2109, ITU‑R M.2110 and ITU‑R M.2041  are available that can assist in determining means to ensurefacilitate coexistence (e.g. guardband requirements between the FDD and TDD systems) and compatibility between systems in other services the satellite and the terrestrial components of IMT as shown in Attachment 3 to the Annex;

j)	that the capabilities of IMT systems are being continuously enhanced in line with user needs and technology trends,

considering further

a)	 that the IMT-2000 radio interfaces are detailed in Recommendation ITU-R M.1457 and currently include two modes of operation – frequency division duplex (FDD) and time division duplex (TDD);

b)	that the IMT-Advanced radio interfaces are detailed in Recommendation ITU‑R M.2012 and include both FDD and TDD modes;

c)	that Recommendations describing the radio interfaces of IMT-2020 are currently under development in ITU-R and the target date for completion of this process is 2020;

d)	that IMT technologies could support various applications (e.g. PPDR, MTC/IoT/M2M, ITS). Specific frequency arrangements for those applications may be addressed in other Reports and or Recommendations,

noting

a)	that Attachments 12 through 3 to the Annex provide information on specific vocabulary and terms utilized in this Recommendation, the implementation objectives of IMT and a listing of related Recommendations and Reports;,

[b)	that, IMT systems are also deployed by some administrations in frequency bands other than those identified for IMT in RR for those countries or regions;]

c)	that consideration should be taken by neighbouring countries that are implementing 

different services (e.g. IMT system and other services/applications), considering technical and operational measures to facilitate co-existence in such cases. See attachment 3 to the Annex,

recognizing

a)	that Resolution 646 (Rev.WRC-12) encourages administrations to consider the following identified frequency bands, amongst others, for public protection and disaster relief when undertaking their national planning:

–	in Region 2: 746-806 MHz, 806-869 MHz;

–	in Region 3[footnoteRef:3]1: 806-824/851-869 MHz; [3: ] 


b)	that the identification of the above frequency bands/ranges for public protection and disaster relief does not preclude the use of these bands/frequencies by any application within the services to which these bands/frequencies are allocated and does not preclude the use of nor establish priority over any other frequencies for public protection and disaster relief in accordance with the Radio Regulations;

a)	that No. 92 of the ITU Constitution stipulates that 4 the decisions of a World Radiocommunication Conference, of a Radiocommunication Assembly and of a Regional Radiocommunication Conference shall in all circumstances be in conformity with this Constitution and the Convention. The decisions of a Radiocommunication Assembly or of a Regional Radiocommunication Conference shall also in all circumstances be in conformity with the Radio Regulations;

b)	that frequency allocation and associated footnotes in force are contained in Article 5 of the RR. See also Attachment 1 to the Annex;

c)	that key features of IMT-2000, IMT-Advanced and IMT-2020 are contained in Recommendations ITU-R M.1645 and ITU-R M.1822 and ITU-R M.2083.

cd)	that implementation of IMT in the frequency bands at WARC‑92, 230 MHz of spectrum was identified for IMT-2000 in the bands 1 885‑2 025 MHz and 2 110-2 200 MHz is addressed, including the bands 1 980-2 010 MHz and 2 170‑2 200 MHz for the satellite component of IMT-2000, in No. 5.388 and under the provisions of  in Resolution 212 (Rev.WRC‑0715);, which 

d)	that Resolution 212 (Rev.WRC‑07) notes among other aspects that the availability of the satellite component of IMT in the bands 1 980-2 010 MHz and 2 170-2 200 MHz simultaneously with the terrestrial component of IMT in the bands identified in No. 5.388 would improve the overall implementation and the attractiveness of IMT;,

e)	that Resolution 235 (WRC-15) resolves to invite ITU-R to review the spectrum use and study the spectrum needs of existing services within the frequency band 470-960 MHz in Region 1, and to consider possible regulatory actions in the frequency band 470-694 MHz in Region 1, at WRC-23, as appropriate;

f)	that, in the frequency band 1 427-1 452 MHz, mitigation measures (e.g., filters, guardbands, etc.) may be necessary in order to meet the limits of unwanted emission for IMT stations in the mobile service specified in Table 1‑1 of Resolution 750 (Rev.WRC-15),

recommends

1	that the frequency arrangements and implementations aspects contained in Sections 1 to 6 the Annex should be usedconsidered for the implementation deployment of IMT in the bands identified for IMT in the Radio Regulations (RR).; and

2	that the implementation aspects detailed in Annex 1 should be taken into account when implementing the frequency arrangements in Sections 1 to 6.




Annex 1

Implementations aspects and frequency arrangements applicable for IMT

Section 1

Implementation aspects applicable to the frequency 
arrangements in Sections 1 to 6

The order of the frequency arrangements within each Section does not imply any priority. Administrations may implement any of the recommended frequency arrangements to suit their national conditions taking into account the relevant provisions of the RR. Administrations may implement all or part of each frequency arrangement.

It is noted that Administrations may implement other frequency arrangements (for example, arrangements which include different duplex schemes, different FDD/TDD boundaries, etc.) to fulfil their requirements. These administrations should consider geographical neighbouring and regional deployments as well as matters related to achieving economies of scale, facilitating roaming, and measures to minimize interference.

Administrations should take into account the fact that some of the different frequency arrangements in the same band have an overlap of base station transmitter and mobile station transmitter bands. Interference problems may result if different frequency arrangements with such overlaps are implemented by neighbouring administrations.

Sections 1 to 6 9 to the Annex are parts of this Recommendation, and they should be considered in their entirety when implementing frequency arrangements as appropriate.

[bookmark: _Toc283976894]Traffic asymmetry implications

It is recommended that administrations and operators consider asymmetric traffic requirements when assigning spectrum or implementing systems. Applications supported by IMT may have various degrees of asymmetry. Report ITU-R M.2072 describes not only download dominant applications such as e-newspaper, but also upload dominant applications such as observation (network-camera) and upload file transfer. Also, the degree of asymmetry of other applications such as high-quality video telephony, mobile multicasting, and videoconference depends on their requirements.

In this context, asymmetry means that the basic amount of traffic may differ between the uplink and the downlink direction. As a possible consequence, the amount of resources needed for the downlink may differ from that of the uplink. Estimates for a mix of traffic are described in Report ITU-R M.2023, Report ITU-R M.2078 and Recommendation ITU-R M.1822. Suitable techniques to support asymmetric traffic are described in Report ITU-R M.2038.

It is noted that traffic asymmetry can be accommodated by a variety of techniques including flexible timeslot allocation, different modulation formats, and different coding schemes for the uplink and downlink. With equal FDD pairing for uplink and downlink, downlink-only paired with an external FDD uplink, or TDD, varying degrees of traffic asymmetry can be accommodated.

[bookmark: _Toc283976895]Segmentation of the spectrum

It is recommended that the frequency arrangements not be segmented for different IMT radio interfaces or services except where necessary for technical and regulatory reasons.

It is recommended that the frequency arrangements should, to maintain flexibility of deployment, be available for use in either FDD mode, TDD mode, or both, and should not, ideally, be segmented between FDD and TDD modes in paired spectrum except where necessary for technical and regulatory reasons.

Duplex arrangement and separation

t is recommended that, for bands identified for use by IMT, IMT systems operating in FDD mode should could maintain operate using the conventional duplex direction,: with mobile terminal transmit within at the lower frequencies band and the base station transmit at the higher frequencieswithin the upper band. This is because the system performance is generally constrained by the uplink link budget due to the limited transmit power of terminals.

In the conventional duplex direction for FDD terrestrial mobile systems, the mobile terminal transmits at the lower frequencies and the base station at the higher frequencies. This is because the system performance is generally constrained by the uplink link budget due to the limited transmit power of terminals. 

In order to facilitate coexistence with adjacent services, in some instances it may be desirable to reverse the duplex direction, with the mobile terminal transmit within the upper band and base station transmit within the lower band. These cases are specified in the applicable Sections.

It is recommended that for administrations wishing to implement only part of an IMT frequency arrangement, the channel pairing should be consistent with the duplex frequency separations of the full frequency arrangement.

[bookmark: _Toc283976897]Dual duplexer

The duplex separation, the duplexer bandwidth, and the centre gap in an FDD frequency arrangement influence the duplexer performance:

–	larger duplex separation brings better isolation performance between downlink and uplink (i.e. less self-desensitization);

–	larger duplexer bandwidth reduces the overall duplexer performance, resulting in both worse self-desensitization and higher interference from MS to MS or BS to BS;

–	smaller centre gap may lead to higher interference from MS to MS or BS to BS.

One way to reduce the duplexer’s bandwidth in an FDD system, while keeping a larger duplex separation and total bandwidth, is to use a dual duplexer. From an implementation point of view, a dual duplexer arrangement can be implemented according to Fig. 1 below.

Figure 1

Duplexer arrangements in an FDD frequency arrangement

[image: ]

A fixed overlap between duplex arrangement #1 and #2 enables the use of common equipment to meet the operational requirements of deployments. The size of the overlap is likely to be the same for all implementations, and it would be decided in accordance with filter design when establishing the band plan.

Due to the two adjacent duplex arrangements, the gap between DL (downlink) and UL (uplink) blocks can be made smaller than the duplex gap in a single duplexer FDD arrangement. Such two‑duplexer arrangement can be implemented by standard filter technology. This would minimize the cost and complexity of equipment.

However, the small gap between UL and DL blocks will put additional filtering requirements on the terminals to avoid MS-MS interference. The BS-BS interference can be handled by additional filtering using conventional technologies.

Unwanted emission and compatibility with other services

Frequency aspects and unwanted emission parameters are contained in Recommendations ITU-R M.1580, ITU-R M.1581, ITU‑R M.2070 and ITU‑R M.2071. Frequency arrangements may be included in Recommendation ITU‑R M.1036 before the associated companion Recommendations are updated to provide the generic unwanted emission characteristics of mobile and base stations using the terrestrial radio interfaces of IMT. 

Limits on the maximum unwanted emission characteristics according to the relevant ITU-R Recommendations are necessary to protect other radio systems including those in adjacent bands and to help establish the coexistence between different technologies for the bands addressed in this Recommendation.

[bookmark: _Toc283976898]Frequency availability

It is recommended that administrations make available the necessary frequencies for IMT system development in a timely manner.




SECTION 12

Frequency arrangements in the band 450-470 MHz

The recommended frequency arrangements for implementation of IMT in the band 450-470 MHz are summarized in Table 2 and in Figure 2, noting the implementation aspects guidelines in Section 1 Annex 1 above.

TABLE 2

Frequency arrangements in the band 450-470 MHz

		Frequency arrangements

		Paired arrangements (FDD)

		Un-paired arrangements (e.g. for TDD) (MHz)



		

		Mobile station transmitter 
(MHz)

		Centre gap (MHz)

		Base station transmitter (MHz)

		Duplex separation (MHz)

		



		D1

		450.000-454.800

		5.2

		460.000-464.800

		10

		None



		D2

		451.325-455.725

		5.6

		461.325-465.725

		10

		None



		D3

		452.000-456.475

		5.525

		462.000-466.475

		10

		None



		D4

		452.500-457.475

		5.025

		462.500-467.475

		10

		None



		D5

		453.000-457.500

		5.5

		463.000-467.500

		10

		None



		D6

		455.250-459.975

		5.275

		465.250-469.975

		10

		None



		D7

		450.000-457.500

		5.0

		462.500-470.000

		12.5

		None



		D8

		

		

		

		

		450.0-470.0 TDD



		D9

		450.000-455.000

		10.0

		465.000-470.000

		15

		457.500-462.500 TDD



		D10

		451.000-458.000

		3.0

		461.000-468.000

		10

		None



		D11

		450.500-457.500

		3.0

		460.500-467.500

		10

		None



		D12

		450.0-455.0

		5.0

		460.0-465.0

		10

		None



		D13

		451.0-456.0

		5.0

		461.0-466.0

		10

		None



		D14

		452.5-457.5

		5.0

		462.5-467.5

		10

		None







Notes to Table 2:

NOTE 1 – The number of frequency arrangements given in Table 2 reflects the fact that administrations have had to accommodate incumbent operations, while for example maintaining a common uplink/downlink structure (uplink in the lower 10 MHz, downlink in the upper 10 MHz) for FDD arrangements.

NOTE 2 – Arrangements D7, D8 and D9 can be implemented by administrations that have the whole 450‑470 MHz band available for IMT. Arrangement D8 can also be implemented by administrations having only a subset of the band available for IMT.

FIGURE 2 
(See notes to Table 2)
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SECTION 23

Frequency arrangements in the band694470-960 MHz frequency range

The recommended frequency arrangements for implementation of IMT in the band 694470‑960 MHz are summarized in Table 3 and in Fig. 3, noting the implementation aspects guidelines in Section 1Annex 1 above.

TABLE 3

Paired Frequency arrangements in the band 694610-960 MHz frequency range

		Frequency arrangements

		Paired arrangements (FDD)

		Un-paired arrangements
(e.g. for TDD)
(MHz)



		

		Mobile station
transmitter
(MHz)

		Centre gap
(MHz)

		Base station
transmitter
(MHz)

		Duplex separation
(MHz)

		



		A1

		824-849

		20

		869-894

		45

		None



		A2

		880-915

		10

		925-960

		45

		None



		A3

		832-862

		11

		791-821

		41

		None



		A4

		698-716
776-793

		12
13

		728-746
746-763

		30
30

		716-728



		A5

		703-748

		10

		758-803

		55

		None



		A6

		None

		None

		None

		

		698-806



		A7

		703-733

		25

		758-788

		55

		None



		A8

		698-703

		50

		753-758

		55

		None



		A9

		733-736

		52

		788-791

		55

		None



		A10

		External

		–

		738-758

		–

		None



		A11 (harmonized with A7 and A10)

		703-733
External

		25
–

		758-788
738-758

		55
–

		None



		A12

		663-698

		11

		617-652

		46

		None







Notes to Table 3:

NOTE 1 – Due to the different usage in the bands 698-960 MHz between Regions, there is no common solution possible at this time.

NOTE 21 – In A3, IMT systems are operating in FDD mode and use a reversed duplex direction, with mobile terminal transmit within the upper band and base station transmit within the lower band. Such an arrangement provides better conditions for coexistence with the lower adjacent broadcasting service.

It is noted that Administrations which do not wish to use this plan or which do not have the full band 790‑862 MHz available may consider other frequency arrangements including, e.g. partial implementation of frequency arrangement described in A3, a TDD frequency arrangement (with a guardband of at least 7 MHz above 790 MHz) or a mixed introduction of TDD and FDD frequency arrangements.

NOTE 32 – In A4, administrations can use the band solely for FDD or TDD, or some combination of FDD and TDD. Administrations can use any FDD duplex spacing or FDD duplex direction. However, when administrations choose to deploy mixed FDD/TDD channels with a fixed duplex separation for FDD, the duplex separation and duplex direction as shown in A4 are preferred. Individual band blocks in the mixed channel arrangement may include further subdivisions to accommodate both duplex methods.

NOTE 43 – The frequency arrangements for the band 698-960 MHz have been developed taking into consideration the recognizing above. 

The frequency arrangements for PPDR systems using IMT technologies in the bands identified in Resolution 646 (Rev.WRC-0315), according to considering h) and resolves 6 of that Resolution, are outside the scope of this Recommendation and are covered by Recommendation ITU-R M.2015. There are inherent benefits of deploying IMT technologies for PPDR applications in this band, including advantages of large coverage area and possible interoperability across the 700 and 800 MHz bands, noting the differences in operational requirements and implementations. 

NOTE 54 – In A5, 2  45 MHz FDD arrangement is implemented by using sub-blocks with dual duplexer solution and conventional duplex arrangement. Internal guardbands of 5 MHz and 3 MHz are provided at the lower and upper edge of the band for better co-existence with adjacent radiocommunication services.

NOTE 65 – In A6, taking into account the external 4 MHz guardband (694-698 MHz), a minimum internal guardband of 5 MHz at the lower edge (698 MHz) and 3 MHz at the upper edge (806 MHz) needs to be considered.

NOTE 76 – The frequency arrangement in A7 aligns with the lower duplexer from A5.

NOTE 87 – Administrations can implement the A8 arrangement alone or in combination with parts of A7 (e.g. UL: 698-718/DL: 753-773 MHz), provided that coexistence with the services below 694 MHz is ensured.

NOTE 98 – The frequency arrangement in A9 aligns with part of the upper duplexer of A5.

NOTE 109 – For A10 and A11, zero to four frequency blocks of 5 MHz in 738-758 MHz could be used to complement the downlink capacity of a frequency arrangement in this or other bands. 

NOTE 110 – For administrations having implemented the A7 arrangement, this arrangement can be combined with the A10 arrangement, i.e. A11.

NOTE 11 – The frequency arrangement A12 is based on a reverse FDD configuration. This will guarantee compatibility with A5 arrangement since upper A12 block and lower A5 block will be both transmitting in uplink direction.

Note 12 – Frequency arrangement A12 may not align with the channelization schemes of other services in all regions.

FIGURES 3 A1 and 3a2 
(see notes to Table 3)
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FIGURE 3a4

[bookmark: _GoBack][image: ]

FIGURE 3a5
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FIGURE 3A7
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SECTION 4

[Editor’s note: in the 32nd meeting of WP 5D there were some concerns by certain ITU-R members to include section 4 in the revision of recommendation M.1036 and there was no agreement on this issue, while two views were expressed as follows: 

View #1

–	Draft revision of Recommendation ITU-R M.1036-5 which includes Section 4 should be submitted to Study Group 5 in September 2019.

–	When adopting this draft revision of Recommendation, consequential changes to the last part of NOTE 1, which refers to Report ITU-R M.[REP.MSS & IMT L-BAND COMPATIBILITY] and Recommendation ITU-R M.[REC.MSS & IMT L-BAND COMPATIBILITY], may be performed based on the situation at that time.

View #2

–	Draft revision of Recommendation ITU-R M.1036-5 which does not include Section 4 should be submitted to Study Group 5 in September 2019.

–	Section 4 as its current form should be included in the next revision of this Recommendation in the next study cycle after finalization of the above two ITU-R deliverables regarding compatibility between IMT and MSS.]

Frequency arrangements in the band 1 427-1 518 MHz

The recommended frequency arrangements for implementation of IMT in the band 1 427‑1 518 MHz are provided in Table 4 and in Fig. 4, noting the implementation aspects in section 1 above.

TABLE 4

Frequency arrangements in the band 1 427-1 518 MHz

		Frequency arrangements

		Paired arrangements (FDD)

		Un-paired arrangements 
(TDD)
(MHz)



		

		Mobile station transmitter
(MHz)

		Centre gap
(MHz)

		Base station transmitter
(MHz)

		Duplex separation
(MHz)

		



		G1

		External

		–

		1 427-1 517

		–

		None



		G2

		1 427-1 470

		5

		1 475-1 518

		48

		None



		G3

		

		

		

		

		1 427-1 517







NOTE 1 – With respect to IMT in the frequency band 1 492-1 518 MHz and the MSS in the frequency band 1 518-1 525 MHz, ITU-R studies were conducted in accordance with Resolution 223 (Rev.WRC-15) and provide possible technical measures to facilitate adjacent band compatibility. Frequency arrangements in this band take into account the results of these studies.

Based on these studies, administrations may consider additional frequency separation below 1 518 MHz at the upper part of G1, G2, or G3 (e.g. a total separation of 0 MHz to 6 MHz). This is one of a number of possible measures to facilitate adjacent band compatibility. (See Report ITU-R M.[REP.MSS & IMT L-BAND COMPATIBILITY] [and Recommendation ITU-R M.[REC.MSS & IMT L-BAND COMPATIBILITY]]).

fIGURE 4
(see notes to Table 4)
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SECTION 35

Frequency arrangements in the band 1 710-2 200 MHz[footnoteRef:4]2 [4: 2 	The 2 025-2 110 MHz band is not part of the frequency arrangements.] 


The recommended frequency arrangements for implementation of IMT in the band 1 710‑2 200 MHz are summarized in Table 4 5 and in Fig. 45, noting the implementation aspects guidelines in Section 1Annex 1 above.

TABLE 45

Frequency arrangements in the band 1 710-2 200 MHz

		Frequency 
arrangements

		Paired arrangements (FDD)

		Un-paired arrangements 
(e.g. for TDD)
(MHz)

		Relevant
Notes



		

		Mobile station transmitter
(MHz)

		Centre gap
(MHz)

		Base station transmitter
(MHz)

		Duplex separation
(MHz)

		

		



		B1

		1 920-1 980

		130

		2 110-2 170

		190

		1 880-1 920;
2 010-2 025

		1, 2, 4



		B2

		1 710-1 785

		20

		1 805-1 880

		95

		None

		1



		B3

		1 850-1 920

		10

		1 930-2 000

		80

		1 920-1 930

		1, 2, 5



		B4 (harmonized with 
B1 and B2)

		1 710-1 785
1 920-1 980

		20
130

		1 805-1 880
2 110-2 170

		95
190

		1 880-1 920;
2 010-2 025

		1, 2, 4



		B5 (harmonized with B3 and partially harmonized with the downlink of B1 and the uplink of B2)

		1 850-1 920
1 710-1 780

		10
330

		1 930-2 000 
2 110-2 180

		80
400

		1 920-1 930

		1, 2, 3, 5



		B6

		1 980-2 010

		160

		2 170-2 200

		190

		None

		4, 5



		B7

		2 000-2 020

		160

		2 180-2 200

		180

		None

		5







Notes to Table 45:

NOTE 1 – In the band 1 710-2 025 MHz and 2 110-2 200 MHz three basic frequency arrangements (B1, B2 and B3) are already in use or planned to be used by public mobile cellular systems including IMT. Based on these three arrangements, different combinations of arrangements are recommended as described in B4 and B5. The B1 arrangement and the B2 arrangement are fully complementary, whereas the B3 arrangement partly overlaps with the B1 and B2 arrangements. 

For administrations having implemented the B1 arrangement, B4 enables optimization of the use of spectrum for paired IMT operation.

For administrations having implemented the B3 arrangement, the B1 arrangement can be combined with the B2 arrangement. B5 is therefore recommended to optimize the use of the spectrum:

–	B5 enables the use of spectrum to be maximized for IMT in administrations where B3 is implemented and where the band 1 770‑1 850 MHz is not available in the initial phase of deployment of IMT in this frequency band.

NOTE 2 – TDD may be introduced in unpaired bands and also under certain conditions in the uplink bands of paired frequency arrangements and/or in the centre gap between paired bands.

NOTE 3 – If selectable/variable duplex technology is implemented within terminals as the most efficient way to manage different frequency arrangements, the fact that neighbouring administrations could select B5 will have no impact on the complexity of the terminal. Further studies are necessary.

NOTE 4 – The bands 1 980-2 010 MHz and 2 170-2 200 MHz in the frequency arrangement B6 are intended to be used in combination with the frequency arrangements B1 or B4 which provides even further optimization of the use of spectrum for paired IMT operation (see Note 1).

NOTE 5 − A unique situation exists for the frequency arrangements B6 and B7 and parts of arrangements B3 and B5 in the bands 1 980-2 010 MHz and 2 170-2 200 MHz, which have been identified for the terrestrial component of IMT and the satellite component of IMT as outlined in recognizings c) and d).Co‑coverage, co-frequency deployment of independent satellite and terrestrial IMT components is not feasible unless techniques, such as the use of an appropriate guardband, or other appropriate mitigation techniques are applied to ensure coexistence and compatibility between the terrestrial and satellite components of IMT. When these components are deployed in adjacent geographical areas in the same frequency bands, technical or operational measures need to be implemented if harmful interference is reported. [Further studies are being carried out by the ITU‑R are required in this regard.]

[Editor’s note: The figures related to B3 and B5 should be fixed in accordance with Figures B3 rev and B5 rev provided further below.]

FIGURE 4 5 
(see notes to Table 45)
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SECTION 46

Frequency arrangements in the band 2 300-2 400 MHz

The recommended frequency arrangements for implementation of IMT in the band 2 300‑2 400 MHz are summarized in Table 5 6 and in Fig. 56, noting the implementation aspects guidelines in section 1Annex 1 above.

TABLE 56

Frequency arrangements in the band 2 300-2 400 MHz

		Frequency arrangement

		Paired arrangements (FDD)

		Un-paired arrangements 
(e.g. for TDD) 
(MHz)



		

		Mobile station transmitter 
(MHz)

		Centre gap
(MHz)

		Base station transmitter 
(MHz)

		Duplex separation
(MHz)

		



		E1

		

		

		

		

		2 300-2 400 TDD







FIGURE 56
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SECTION 57

Frequency arrangements in the band 2 500-2 690 MHz

The recommended frequency arrangements for implementation of IMT in the band 2 500‑2 690 MHz are summarized in Table 6 7 and in Fig. 67, noting the implementation aspects guidelines in section 1Annex 1 above.

TABLE 67

Frequency arrangements in the band 2 500-2 690 MHz 
(not including the satellite component)

		Frequency arrangements

		Paired arrangements (FDD)

		Un-paired arrangements (e.g. for TDD)
(MHz)



		

		Mobile station transmitter 
(MHz)

		Centre gap
(MHz)

		Base station transmitter 
(MHz)

		Duplex separation
(MHz)

		Centre gap usage

		



		C1

		2 500-2 570

		50

		2 620-2 690

		120

		TDD

		2 570-2 620 TDD



		C2

		2 500-2 570

External

		50

–

		2 620-2 690

2 570-2 620

		120

–

		FDD

		 570-2 620
FDD DL external

None



		C3

		Flexible FDD/TDD







Notes to Table 67:

NOTE 1 – In C1, in order to facilitate deployment of FDD equipment, any guardbands required to ensure adjacent band compatibility at the 2 570 MHz and 2 620 MHz boundaries will be decided on a national basis and will be taken within the band 2 570-2 620 MHz and should be kept to the minimum necessary, based on Report ITU-R M.2045.

NOTE 2 – In C3, administrations can use the band solely for FDD or TDD or some combination of TDD and FDD. Administrations can use any FDD duplex spacing or FDD duplex direction. However, when administrations choose to deploy mixed FDD/TDD channels with a fixed duplex separation for FDD, the duplex separation and duplex direction as shown in C1 are preferred.

Figure 6 7 
(see notes to Table 67)
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SECTION 68

Frequency arrangements in the band 3 400300-3 600 700 MHz frequency range

The recommended frequency arrangements for implementation of IMT in the band 3 400300‑3 600 700 MHz frequency range are summarized in Table 7 8 and in Fig. 78, noting the implementation aspects guidelines in section 1Annex 1 above.

TABLE 78

Frequency arrangements in the 3 300-3 700 MHz frequency range

		Frequency arrangements

		Paired arrangements (FDD)

		Un-paired arrangements 
(e.g. for TDD)
(MHz)



		

		Mobile station transmitter
(MHz)

		Centre gap
(MHz)

		Base station transmitter
(MHz)

		Duplex separation
(MHz)

		



		F1

		

		

		

		

		3 400-3 600



		F2

		3 410-3 490

		20

		3 510-3 590

		100

		None



		F3

		

		

		

		

		3 300- 3 700







Note to Table 8:

NOTE 1 – Frequency arrangement F3 could provide the possibility for administrations to implement IMT in the whole or parts of the bands identified in the RR (3 300-3 400 MHz, 3 400‑3 600 MHz and 3 600-3 700 MHz), with any possible frequency separation, if required, taking into account the use of the bands by other services and applications. The frequency arrangement F1 is harmonized with F3. This frequency arrangement F1 has been implemented by some administrations.

FIGURE 78
(see notes to Table 8)
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SECTION 9

Frequency arrangements in the band 4 800-4 990 MHz

The recommended frequency arrangements for implementation of IMT in the band 4 800‑4 990 MHz are summarized in Table 9 and in Fig. 9, noting the implementation aspects in section 1 above.

TABLE 9

Frequency arrangements in the 4 800-4 990 MHz frequency range

		Frequency arrangements

		Paired arrangements (FDD)

		Un-paired arrangements 
(TDD)
(MHz)



		

		Mobile station transmitter
(MHz)

		Centre gap
(MHz)

		Base station transmitter
(MHz)

		Duplex separation
(MHz)

		



		H1

		

		

		

		

		4 800-4 990







FIGURE 9

[image: ]




[Attachment] 1



[Editor’s note: with regards to the highlighted yellow square brackets around [ATTACHMENT], the discussion was only focused on the preferred terminology to be used]

Frequency bands and associated footnotes identifying the band for IMT in the following Table are extracted from the edition 2016 of the RR, Article 5 for information only and ease of reference. IMT systems are also deployed by some administrations in frequency bands [allocated to the mobile service] other than those identified for IMT in RR for those countries or regions [e.g. under existing mobile service allocations]. The use of any IMT frequency arrangements should take into account the [applicable] technical and regulatory conditions in the RR.



TABLE 1

		Band 
(MHz)

		Footnotes identifying the
band for IMT



		

		Region 1

		Region 2

		Region 3



		450-470

		5.286AA



		470-698

		-

		5.295, 5.308A

		5.296A



		694/698-960

		5.317A

		5.317A

		5.313A, 5.317A



		1 427-1 518

		5.341A, 5.346

		5.341B

		5.341C, 5.346A



		1 710-2 025

		5.384A, 5.388



		2 110-2 200

		5.388



		2 300-2 400

		5.384A



		2 500-2 690

		5.384A



		3 300-3 400

		5.429B

		5.429D

		5.429F



		3 400-3 600

		5.430A

		5.431B

		5.432A, 5.432B, 5.433A



		3 600-3 700

		-

		5.434

		-



		4 800-4 990

		-

		5.441A

		5.441B










Attachment 12

Vocabulary of terms

Entre  Centre gap – The frequency separation between the upper edge of the lower band and the lower edge of the upper band in an FDD paired frequency arrangement.

Duplex band frequency separation – The frequency separation between a reference point in the lower band and the corresponding point in the upper band of an FDD arrangement.

Duplex channel frequency separation – The frequency separation between a specific channel carrier in the lower band and its paired channel carrier in the upper band of an FDD arrangement.

Conventional duplex arrangement – Duplex arrangement with mobile terminal transmit within the lower band and base station transmit within the upper band.

Reverse duplex arrangement – Duplex arrangement with the mobile terminal transmit within the upper band and base station transmit within the lower band.

Acronyms and abbreviations

DL	Downlink

FDD	Frequency Division Duplex

IMT	International Mobile Telecommunications

TDD	Time Division Duplex




ATTACHMENT 2

Objectives

In planning the implementation of IMT, the following objectives are desirable:

–	to ensure that frequency arrangements for the implementation of IMT have longevity, yet allow for the evolution of technology;

–	to facilitate the deployment of IMT, subject to market considerations and to facilitate the development and growth of IMT;

–	to minimize the impact on other systems and services within, and adjacent to, the bands identified for IMT;

–	to facilitate worldwide roaming of IMT terminals;

–	to integrate efficiently the terrestrial and satellite components of IMT;

–	to optimize the efficiency of spectrum utilization within the bands identified for IMT;

–	to enable the possibility of competition;

–	to facilitate the deployment and use of IMT, including fixed and other special applications in developing countries and in sparsely populated areas;

–	to accommodate various types of traffic and traffic mixes;

–	to facilitate the continuing worldwide development of equipment standards;

–	to facilitate access to services globally within the framework of IMT;

–	to minimize terminal costs, size and power consumption, where appropriate and consistent with other requirements;

–	to facilitate the evolution of pre-IMT-2000 systems to any of the IMT terrestrial radio interfaces and to facilitate the ongoing evolution of the IMT systems themselves; 

–	to afford flexibility to administrations, as the identification of several bands for IMT allows administrations to choose the best band or parts of bands for their circumstances;

–	to facilitate determination, at a national level, of how much spectrum to make available for IMT from within the identified bands;

–	to facilitate determination of the timing of availability and use of the bands identified for IMT, in order to meet particular user demand and other national considerations;

–	to facilitate development of transition plans tailored to the evolution of existing systems;

–	to have the ability for the identified bands, based on national utilization plans, to be used by all services having allocations in those bands.

The following guiding principles have been applied in determining frequency arrangements:

–	harmonization;

–	technical aspects;

–	spectrum efficiency.




Attachment 3

Related Recommendations and Reports

Recommendation ITU-R M.687:	International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.816:	Framework for services supported on International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.818:	Satellite operation within International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.819:	International Mobile Telecommunications-2000 (IMT-2000) for developing countries.

Recommendation ITU-R M.1033:	Technical and operational characteristics of cordless telephones and cordless telecommunication systems.

Recommendation ITU-R M.1034:	Requirements for the radio interface(s) for International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.1035:	Framework for the radio interface(s) and radio sub-system functionality for International Mobile Telecommunications‑2000 (IMT-2000).

Recommendation ITU-R M.1073:	Digital cellular land mobile telecommunication systems

Recommendation ITU-R M.1167:	Framework for the satellite component of International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.1224:	Vocabulary of terms for International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.1308:	Evolution of land mobile systems towards IMT-2000.

Recommendation ITU-R M.1390:	Methodology for the calculation of IMT-2000 terrestrial spectrum requirements.

Recommendation ITU-R M.1457:	Detailed specifications of the radio interfaces of International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.1579:	Global circulation of IMT-2000 terminals.

Recommendation ITU-R M.1580:	Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-2000.

Recommendation ITU-R M.1581:	Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-2000.

Recommendation ITU-R M.1645:	Framework and overall objectives of the future development of IMT-2000 and systems beyond IMT-2000.

Recommendation ITU-R M.1768:	Methodology for calculation of spectrum requirements for the future development of the terrestrial component of IMT-2000 and systems beyond IMT-2000.

Recommendation ITU-R M.1797:	Vocabulary of terms for the land mobile service.

Recommendation ITU-R M.1822:	Framework for services supported by IMT.

Recommendation ITU-R M.2012: 	Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications Advanced (IMT‑Advanced).

Recommendation ITU-R M.2015:	Frequency arrangements for public protection and disaster relief radiocommunication systems in accordance with Resolution 646 (Rev.WRC-15).

Recommendation ITU-R M.2070:	Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-Advanced.

Recommendation ITU-R M.2071:	Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-Advanced.

Recommendation ITU-R M.2083:	IMT Vision – "Framework and overall objectives of the future development of IMT for 2020 and beyond". 

Recommendation ITU-R M.2090:	Specific unwanted emission limit of IMT mobile stations operating in the frequency band 694-790 MHz to facilitate protection of existing services in Region 1 in the frequency band 470-694 MHz.

Recommendation ITU-R SM.329:	Unwanted emissions in the spurious domain.

Report ITU-R M.2030:		Coexistence between IMT-2000 time division duplex and frequency division duplex terrestrial radio interface technologies around 2 600 MHz operating in adjacent bands and in the same geographical area.

Report ITU-R M.2031:		Compatibility between WCDMA 1800 downlink and GSM 1900 uplink.

Report ITU-R M.2038:		Technology trends.

Report ITU-R M.2041:		Sharing and adjacent band compatibility in the 2.5 GHz band between the terrestrial and satellite components of IMT-2000.

Report ITU-R M.2045:		Mitigating techniques to address coexistence between IMT‑2000 time division duplex and frequency division duplex radio interface technologies within the frequency range 2 500‑2 690 MHz operating in adjacent bands and in the same geographical area.

Report ITU‑R M.2072:		World mobile telecommunication market forecast.

Report ITU-R M.2078:		Estimated spectrum bandwidth requirements for the future development of IMT-2000 and IMT-Advanced.

Report ITU-R M.2109:		Sharing studies between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 MHz and 4 500-4 800 MHz frequency bands.

Report ITU-R M.2110:		Sharing studies between radiocommunication services and IMT systems operating in the 450-470 MHz band.

Report ITU-R M.2113:		Report on sharing studies in the 2 500-2 690 MHz band between IMT-2000 and fixed broadband wireless access systems including nomadic applications in the same geographical area.

Report ITU-R M.2320: 		Future technology trends of terrestrial IMT systems.

Report ITU-R M.2324:		Sharing studies between potential International Mobile Telecommunication systems and aeronautical mobile telemetry systems in the frequency band 1 429-1 535 MHz.

Report ITU-R M.2336:		Consideration of the frequency bands 1 375-1 400 MHz and 1 427-1 452 MHz for the mobile service − Compatibility with systems of the Earth exploration-satellite service within the 1 400-1 427 MHz frequency band.

Report ITU-R BT.2337:		Sharing and compatibility studies between digital terrestrial television broadcasting and terrestrial mobile broadband applications, including IMT, in the frequency band 470‑694/698 MHz.

Report ITU-R BT.2339:		Co-channel sharing and compatibility studies between digital terrestrial television broadcasting and international mobile telecommunication in the frequency band 694-790 MHz in the GE06 planning area.

Report ITU-R S.2368:		Sharing studies between International Mobile Telecommunication-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400‑4 200 MHz and 4 500-4 800 MHz frequency bands in the WRC study cycle leading to WRC-15.

Report ITU-R M.2374:		Coexistence of two TDD networks in the 2 300-2 400 MHz band.

Report ITU-R M.2375:		Architecture and topology of IMT networks.
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