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Multiple frequency bands are being considered for new IMT allocations under WRC-15 Agenda Item 1.1.   This is a preliminary study into the compatibility of radio altimeter receivers with IMT transmitters potentially operating in adjacent frequency band allocations.

	

	ACTION 

The Working Group is invited to note the results of the study, and seek clarification from subject matter experts on additional system information and mitigation methods.

	






Introduction

At the previous WG-F Meeting 29 in Nairobi (Sept 2013), there was a discussion about the potential for interference to radio altimeters from any new IMT allocations in the adjacent bands under WRC-15 Agenda Item 1.1.  However, given the limited information available, concerns were expressed about the practicality of submitting a credible study into the ITU-R JTG 4-5-6-7 (JTG).  This work intends to further investigate possible interference to the radio altimeter by adjacent IMT allocations, and the required Out Of Band (OOB) rejection required by the radio altimeter receiver.

Background

The JTG process for WRC-15 Agenda Item 1.1 has proposed multiple frequency bands between 500 MHz and 6 GHz for new IMT allocations.  The proposals include the frequency bands 3400-4200 MHz and 4400-4500 MHz, and are adjacent to the ARNS allocation for radio altimeters in the 4200-4400 MHz.  

The frequency band 4200-4400 MHz is allocated on a primary basis to the aeronautical radionavigation service (ARNS) is reserved exclusively for radio altimeters installed on board aircraft and for the associated transponders on the ground under footnote RR 5.438.  However, passive sensing in the Earth exploration-satellite and space research services may be authorized in this band on a secondary basis (no protection is provided by the radio altimeters).

This initial study investigates the potential adjacent band effects of both IMT Base Stations (BS) and User Equipment (UE) on an aircraft’s radio altimeter during the final stages of approach.  The study models the IMT signal power received by the radio altimeter in the adjacent band.  The level of received power will then indicate any OOB rejection required by the radio altimeters[footnoteRef:1] if an IMT allocation was made adjacent to the radio altimeter frequency band.   [1:  Given the parameters and data available in the ITU-R and ICAO, assessment of the altimeter’s filtering, error correction capabilities, or other internal receiver mitigation methods are not included at this time.] 


The parameters and technical characteristics for the systems are taken from ITU-R Recommendations:-

a. ITU-R Working Party 5D Liaison statement – IMT sharing parameters for WRC-15 Agenda item 1.1 (dated 18 July 2013).

b. ITU-R Draft Revision of Recommendation ITU-R F.1336-4 - Reference radiation patterns of omnidirectional, sectoral and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz (dated 13 December 2013).

c. ITU-R Recommendation M.5_BL_6 : Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz 

d. ITU-R Working Party 5B Document 5B/475 Annex 28.  Working document towards a preliminary draft new Report ITU-R M.[WAIC_SHARING_4 200-4 400MHZ]- Compatibility analysis between wireless avionics intra-communication systems and systems in the existing services in the frequency band 4 200-4 400 MHz.

e. ITU-R Recommendation P.525-2 (08/94): Calculation of free-space attenuation

f. ICAO Annex 14 to the Convention on International Civil Aviation.  Aerodrome design and operations.  (Fifth edition, July 2009).

Technical characteristics used

	BS Characteristics

	Parameter
	Units
	Value

	Downlink frequency  FDD
	MHz
	4200

	Bandwidth
	MHz
	5, 10 or 20

	Maximum transmitter power
	BW=5 MHz
	dBm


dBm/MHz
	43

	
	BW = 10 MHz
	
	46

	
	Power density
	
	36

	Spurious emission limits
	Limit
	dBm/MHz
	-30

	Max Antenna gain  (G0)
	dBi
	18 (Rural)/16 (Urban/Suburban)

	Feeder loss
	dB
	3

	Typical antenna height 
	m
	30 (Rural),25(Suburban), 20 (Urban)

	Antenna down tilt
	degrees
	3 (Rural), 6 (Suburban),10 (urban)

	Antenna type
	
	Sectorial (3 sectors)

	Antenna Pattern (peak improved pattern for 400 Mhz – 6 GHz)
	
	Rec. ITU-R F.1336
 - 2 (peak)

	
	kp
	0.7

	
	kv
	0.3

	Polarization 
	
	± 45° cross-polarized

	3 dB antenna beamwidth (elevation)
	degrees
	2.702




	UE Characteristics

	Parameter
	Units
	LTE

	Downlink frequency  FDD
	MHz
	4200

	Bandwidth
	MHz
	5, 10 or 20

	Maximum transmitter power 
	dBm
	23

	Antenna gain
	dBi
	-3.0

	Antenna height 
	m
	1.5

	Antenna type
	
	Omnidirectional

	Polarization 
	
	Linear






	Radio Altimeter

	Parameter
	Units
	LTE

	Antenna Max Gain
	dBi
	13

	3dB Beamwidth
	Degrees
	60

	Feeder loss
	dB
	6

	Protection Criteria for Desensitization (I/N)
	dB
	-6

	Protection Criteria False Altitudes for FMCW Altimeters only (ID < IT,FA) 
where IT,FA  = following the instantaneous altimeter local oscillator  
	dBm/100 Hz
	–143 


	

Scenario

To simulate an assumed worst case scenario, a model was produced of an aircraft on final approach in a Cat III landing.  The approach path passes directly overhead of a simulated sectorized BS, and again over a UE.  This would present the minimum possible distance between the aircraft and base station while the altimeter is providing height information to the autopilot during landing. 


UE
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Figure 1
ICAO limit of obstruction height

Figure 1 shows the airport obstruction height limits set by ICAO Annex 14 for a straight line approach path for landing aircraft.  These limits allow a 25m suburban BS to be placed 1,600.1m at its closet location to the aircraft touchdown point along the approach path.  Given the variation in airport operating areas and public access, a single UE is assumed to be operated 500m from the aircraft touchdown point at a height of 1.5m.

Assumptions

The following assumptions have been made in the analysis:

a. The BS is configured for a suburban environment with a sectorized antenna pointing in the direction of the aircraft.

b. The UE is held 1.5m high and points directly towards the aircraft at all times, simulating an aircraft ‘spotter’ taking a picture with a camera phone.

c. The aircraft follows a 3 degrees Cat III glide slope approach, with a pitch of 2 degrees, at all times during landing.

d. The radio altimeter antenna pattern from the current draft WAIC radio altimeter sharing study accurately represents the radio altimeter antenna pattern[footnoteRef:2], including at angles of incidence greater than 90 degrees where aircraft shielding may be factor. [2:  The radio altimeter ITU-R characteristics recommendation does not specify a reference antenna pattern model, only providing maximum values and the 3dB beam width.  The current draft WAIC radio altimeter sharing study in 4200-4400MHz report has derived a basic model that uses these parameters.] 


e. The received signal from the radio altimeter transmitter at low altitude is significantly higher than any other signal due to the decreased path loss, and therefore does not exceed the I/N protection criteria.
	
f. An IMT downlink/uplink allocation is in the adjacent 4000-4200 MHz frequency band, operating a uniform and continuous OFDM signal up to the band edge at 4200 MHz. 

g. The propagation environment is from a single point source with no aggregate power, diffraction, multipath or clutter accounted for.  

Modelling

Link budget

The analysis focuses on a link budget to calculate the power received at the radio altimeter.  The overall equation is:



Where:
= Power at the receiver input
= Power at the transmitter output
= Feeder loss at transmitter
=Transmitter antenna gain at incident angle 
=Freespace loss propagation (ITU-R Recommendation P.525-2)
=Receiver antenna gain at incident angle 
= Cable loss at receiver

Tx outputs

The maximum output of a suburban BS was made equivalent to -4 dBm/100Hz to match the FMCW altimeters’ false altitude detection bandwidth.  Similarly, the maximum instantaneous power from a single UE was equivalent to -23.9 dBm/100Hz.  A feeder loss of 3dB is used for the BS in accordance with the IMT parameters provided; however, no losses are specified for the UE and these are assumed to be zero.

Antenna modelling

BS reference antenna pattern was modelled with the recently approved ITU-R F.1336-4, using suburban BS parameters to measure antenna directivity in the elevation plane of the main lobe of a sectorized antenna.  As the UE tracks the aircraft at all times, its gain is -3dBi throughout the aircraft’s approach.

Using the slant angle form the BS or UE, the reciprocal angle at the approaching aircraft was used to calculate the directivity of the radio altimeter antenna using the reference model provided.  This was then modified for the aircraft’s pitch while landing.

Propagation

Using the slant range between BS and aircraft, a FSL was calculated using ITU-R Recommendation P.525-2 for the LOS transmission from the BS and UE, to the aircraft.

Analysis

Received power from the BS

Figure 2 shows the received power at the radio altimeter Rx as the aircraft approaches the touchdown point over a BS.  The -143 dBm/100Hz false altitude detection threshold is exceeded at a range of 9,215.9 m from the touchdown point, and continues for the remaining duration of the flight until touchdown.  An aircraft approaching at 140 knots would exceed this threshold for approx. 2 mins 7 secs without any OOB rejection by the radio altimeter receiver. 


Figure 2

The maximum power of -97.6 dBm/100 Hz is received at a range of 1,614.3m from the touch down point, where the radio altimeters antenna has maximum gain from the 2 degrees pitch of the aircraft and the path loss is almost at a minimum.  Therefore, an OOB rejection of at least 45.4 dB would be required at 4200 MHz to prevent a false altitude reading by the radio altimeter from a BS.

Received power from the UE

Figure 3 shows the received power as the aircraft approaches the touchdown point over a UE.  The false altitude detection threshold is exceeded at a range of 2,827.3m from the touchdown point.  An aircraft approaching at 140 knots would exceed this threshold for approx. 39 secs without any OOB rejection by the radio altimeter receiver.
 

Figure 3

The maximum power of -79.8 dBm/100 Hz is received at a range 500.3m from the touch down point, where the path loss is at a minimum.  Therefore, an OOB rejection of at least 63.2 dB would be required at 4200 MHz to prevent a false altitude reading by the radio altimeter from a UE.

Conclusions

Although this preliminary study using a basic model to simulate an aircraft in one of its most critical phases of flight, the power levels received at the radio altimeter receiver are higher than desired.  If an IMT allocation was made in the adjacent frequency band to the radio altimeters, there is the potential requirement for nearly 64 dB of OOB isolation at the band edge to properly protection the receiver from false altitude errors.  This estimate does not include any required safety margin, which would be recommended given the assumed antenna patterns for both BS and radio altimeter, and the potential variation in the scenario for different airports.

 This initial study does not accurately model the effect of an aircraft flying beyond a BS and passing through its main beam pointed towards the airport while accounting for the effect of aircraft shielding.  Critically, it does not include possible multipath effects or aggregate power from multiple BSs or UEs situated at different points around the approach path or airport.  More complex approach paths over urban environments with multiple BSs located on top of buildings would be of particular concern.  Such a comprehensive analysis would require a more advancing modelling environment and also an accurate radio altimeter antenna pattern inclusive of aircraft shielding.

Actions for the Meeting
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The meeting is invited to:

h. Note the results of this study.

i. Seek guidance from radio altimeter experts to provide further refinements to modelling assumptions, and mitigation methods employed by radio altimeters for OOB rejection of adjacent band signals.

j. 

ANNEX A – ANtenna Patterns



	Assumed Radio Altimeter Antenna Pattern

	
Where:
= The radio altimeter gain at an angle  measured from the vertical axis.
 = The 3dB beamwidth of the antenna.
 = The maximum antenna gain.
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Received power at the radio altimeter (dBm/100Hz)
F.1336-4 Reference BS antenna pattern in the elvation plane (peak)
Annex 8 (k=0.7)	180	179	178	177	176	175	174	173	172	171	170	169	168	167	166	165	164	163	162	161	160	159	158	157	156	155	154	153	152	151	150	149	148	147	146	145	144	143	142	141	140	139	138	137	136	135	134	133	132	131	130	129	128	127	126	125	124	123	122	121	120	119	118	117	116	115	114	113	112	111	110	109	108	107	106	105	104	103	102	101	100	99	98	97	96	95	94	93	92	91	90	89	88	87	86	85	84	83	82	81	80	79	78	77	76	75	74	73	72	71	70	69	68	67	66	65	64	63	62	61	60	59	58	57	56	55	54	53	52	51	50	49	48	47	46	45	44	43	42	41	40	39	38	37	36	35	34	33	32	31	30	29	28	27	26	25	24	23	22	21	20	19	18	17	16	15	14	13	12	11	10	9	8	7	6	5	4	3	2	1	0	-1	-2	-3	-4	-5	-6	-7	-8	-9	-10	-11	-12	-13	-14	-15	-16	-17	-18	-19	-20	-21	-22	-23	-24	-25	-26	-27	-28	-29	-30	-31	-32	-33	-34	-35	-36	-37	-38	-39	-40	-41	-42	-43	-44	-45	-46	-47	-48	-49	-50	-51	-52	-53	-54	-55	-56	-57	-58	-59	-60	-61	-62	-63	-64	-65	-66	-67	-68	-69	-70	-71	-72	-73	-74	-75	-76	-77	-78	-79	-80	-81	-82	-83	-84	-85	-86	-87	-88	-89	-90	-91	-92	-93	-94	-95	-96	-97	-98	-99	-100	-101	-102	-103	-104	-105	-106	-107	-108	-109	-110	-111	-112	-113	-114	-115	-116	-117	-118	-119	-120	-121	-122	-123	-124	-125	-126	-127	-128	-129	-130	-131	-132	-133	-134	-135	-136	-137	-138	-139	-140	-141	-142	-143	-144	-145	-146	-147	-148	-149	-150	-151	-152	-153	-154	-155	-156	-157	-158	-159	-160	-161	-162	-163	-164	-165	-166	-167	-168	-169	-170	-171	-172	-173	-174	-175	-176	-177	-178	-179	-180	New approach (kv=0.7)	180	179	178	177	176	175	174	173	172	171	170	169	168	167	166	165	164	163	162	161	160	159	158	157	156	155	154	153	152	151	150	149	148	147	146	145	144	143	142	141	140	139	138	137	136	135	134	133	132	131	130	129	128	127	126	125	124	123	122	121	120	119	118	117	116	115	114	113	112	111	110	109	108	107	106	105	104	103	102	101	100	99	98	97	96	95	94	93	92	91	90	89	88	87	86	85	84	83	82	81	80	79	78	77	76	75	74	73	72	71	70	69	68	67	66	65	64	63	62	61	60	59	58	57	56	55	54	53	52	51	50	49	48	47	46	45	44	43	42	41	40	39	38	37	36	35	34	33	32	31	30	29	28	27	26	25	24	23	22	21	20	19	18	17	16	15	14	13	12	11	10	9	8	7	6	5	4	3	2	1	0	-1	-2	-3	-4	-5	-6	-7	-8	-9	-10	-11	-12	-13	-14	-15	-16	-17	-18	-19	-20	-21	-22	-23	-24	-25	-26	-27	-28	-29	-30	-31	-32	-33	-34	-35	-36	-37	-38	-39	-40	-41	-42	-43	-44	-45	-46	-47	-48	-49	-50	-51	-52	-53	-54	-55	-56	-57	-58	-59	-60	-61	-62	-63	-64	-65	-66	-67	-68	-69	-70	-71	-72	-73	-74	-75	-76	-77	-78	-79	-80	-81	-82	-83	-84	-85	-86	-87	-88	-89	-90	-91	-92	-93	-94	-95	-96	-97	-98	-99	-100	-101	-102	-103	-104	-105	-106	-107	-108	-109	-110	-111	-112	-113	-114	-115	-116	-117	-118	-119	-120	-121	-122	-123	-124	-125	-126	-127	-128	-129	-130	-131	-132	-133	-134	-135	-136	-137	-138	-139	-140	-141	-142	-143	-144	-145	-146	-147	-148	-149	-150	-151	-152	-153	-154	-155	-156	-157	-158	-159	-160	-161	-162	-163	-164	-165	-166	-167	-168	-169	-170	-171	-172	-173	-174	-175	-176	-177	-178	-179	-180	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-33.939100567090733	-33.83325079550518	-33.726268919332121	-33.618130459926903	-33.508810136034917	-33.398281828315341	-33.286518541882884	-33.173492366733122	-33.059174435906201	-32.943534881232182	-32.82654278648819	-32.708166137783635	-32.588371770974206	-32.467125315888701	-32.344391137133883	-32.220132271222354	-32.09431035974594	-31.966885578292182	-31.837816560774531	-31.707060318816307	-31.574572155795462	-31.440305575119975	-31.304212182262955	-31.166241580040907	-31.02634125656812	-30.884456465263764	-30.74053009622558	-30.59450253821376	-30.446311530410405	-30.295892003031792	-30.143175905772306	-29.988092022947924	-29.830565774082306	-29.670518998537812	-29.507869722634638	-29.342531907521025	-29.174415175853305	-29.003424515111892	-28.829459955114974	-28.652416216989327	-28.472182330511913	-28.28864121633957	-28.101669229188236	-27.911135657497869	-27.71690217451243	-27.518822235001153	-27.316740411030736	-27.110491659246595	-26.899900511009541	-26.684780175431271	-26.464931543819699	-26.240142082237476	-26.010184596736536	-25.774815853287997	-25.533775031393056	-25.286781986726716	-25.03353529379654	-24.773710034320665	-24.506955290624333	-24.232891295545262	-23.951106180768122	-23.661152253718122	-23.362541718536146	-23.054741738452282	-22.73716871404217	-22.409181623025386	-22.070074230616243	-21.719065932493685	-21.355290931843928	-20.977785373002227	-20.585471950505504	-20.177141374750949	-19.751429890935629	-19.306791797741834	-18.841465568792351	-18.35343170223107	-17.840359749825019	-17.299541011049623	-16.72780196922248	-16.121391453956626	-15.475831338529742	-14.785715647998039	-14.044435088506576	-13.243791090255307	-12.788508333286984	-12.682589545473643	-12.550145598979455	-12.381045263321496	-12.159673951184606	-11.860873295841106	-11.44180997835088	-10.824170991578352	-9.8499621771065211	-5.7870370370365523	-1.4467592592590399	0	-1.8896447467875737	-7.5585789871510132	-10.327202712418412	-11.208017452176268	-11.755945876149292	-12.122483548570504	-12.381045263321496	-12.571027717917708	-12.715211514387228	-12.82755567804451	-13.709117319204775	-14.579466896213891	-15.380110894465174	-16.121391453956626	-16.811507144488342	-17.457067259915238	-18.063477775181077	-18.635216817008217	-19.176035555783617	-19.689107508189668	-20.177141374750949	-20.642467603700428	-21.087105696894227	-21.512817180709547	-21.921147756464098	-22.313461178960825	-22.690966737802526	-23.054741738452282	-23.40575003657484	-23.744857428983984	-24.072844520000768	-24.39041754441088	-24.698217524494744	-24.996828059676716	-25.286781986726716	-25.568567101503859	-25.842631096582924	-26.109385840279256	-26.369211099755137	-26.622457792685314	-26.869450837351653	-27.110491659246595	-27.345860402695134	-27.575817888196074	-27.800607349778293	-28.020455981389862	-28.235576316968139	-28.446167465205185	-28.652416216989327	-28.854498040959744	-29.052577980471025	-29.246811463456467	-29.43734503514683	-29.624317022298168	-29.807858136470511	-29.988092022947924	-30.165135761073572	-30.339100321070486	-30.510090981811906	-30.678207713479626	-30.843545528593236	-31.006194804496413	-31.166241580040907	-31.323767828906522	-31.478851711730901	-31.631567808990386	-31.781987336369003	-31.930178344172358	-32.076205902184171	-32.220132271222354	-32.362017062526704	-32.501917385999498	-32.639887988221545	-32.775981381078566	-32.910247961754052	-33.042736124774898	-33.173492366733122	-33.302561384250772	-33.429986165704534	-33.555808077180949	-33.680066943092477	-33.802801121847295	-33.9240475769328	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	-34.04384194374223	Angle (degrees) 

Relative gain (dB) 


Radio Altimeter Antenna Pattern
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