	[bookmark: logo][image: ICAOBIG]
	
International Civil Aviation Organization

INFORMATION PAPER
		[bookmark: document_no]FSMP-WG/15 IP/07 rev1
[bookmark: related_to][bookmark: revision_date][bookmark: revision_no][bookmark: addendum_corrigendum_appendix][bookmark: restricted][bookmark: date][bookmark: info_paper]2022-08-23

	






FSMP-WG/15 IP/07 rev1	- 2 -
[bookmark: _GoBack]	- 3 -	FSMP-WG/15 IP/07 rev1

FREQUENCY SPECTRUM MANGEMENT PANEL (FSMP)

FIFTEENTH WORKING GROUP MEETING
	
Montreal Canada (hybrid meeting), 22 August to 1 September 2022
[bookmark: agenda_item]

Receiver Performance Analysis: Systems Operating in the 3.7 – 4.4 GHz band

[bookmark: presented_by](Presented by Nicholas Shrout)


	SUMMARY

	This information paper discusses and compares radar altimeter and 5G C-Band receiver performance in the 3.7 – 4.4 GHz range based on publicly available data. This is intended to baseline and inform some of the discussions surrounding the topic, seeking more input to further clarify the comparisons and data available.



INTRODUCTION
This paper investigates comparative receiver performance of systems in the 3.7-4.4 GHz band by reviewing available data. Tested radar altimeter receiver performance data is compared to the 3GPP specifications to which 5G C-Band Base stations (BSs) are designed. The aim of this analysis is to provide an initial assessment of the relative performance of radar altimeter receivers and seek further inputs to clarify the available information.  

It should be noted that the preliminary discussions in this information paper are comparing two very different systems (navigational radar vs cellular communication) for different purposes (safety vs non-safety) with different sources of data (measured vs minimum performance specification).  Any discussion of this topic should account for these elements.  
RECEIVER PERFORMANCE
The receive concepts this paper highlight when comparing the performance of radar altimeters relative to 5G C-Band BS are:
-Reference sensitivity and blocking for the 5G BS,
-Sensitivity and input power threshold  for the radar altimeter system, and
-Calculated desired signal power and desired signal-to-interference ratio for the radar altimeters not operating at the sensitivity level

According to the referenced 3GPP documents the receive parameters analysed represent “the minimum RF characteristics and minimum performance requirements,” but the 3GPP text also indicates that “test tolerances are used to relax the minimum requirements.” [footnoteRef:2] The test tolerances for the variables analysed were at least ±1.7 dBm[footnoteRef:3], however this tolerance wasn’t used in the analysis. This paper recognizes that 5G systems may perform better than the minimum specifications quoted; however no comprehensive test data was available at the time of publication. [2:  3GPP TS 38.104 version 17.5.0 Release 17, “Base Station (BS) radio transmission and reception”, April 2022, page 23.]  [3:  3GPP TS 38.141-1 version 17.6.0 Release 17, “5G; NR; Base Station (BS) conformance testing Part 1: Conducted conformance testing”, August 2022.] 


It was considered to show the radar altimeter performance relative to 3GPP specified 5G C-Band user equipment (UE); however, the 5G BS 3GPP specifications appear to outperform the UE specifications, and a more appropriate comparison is between major installations like the radar altimeter and 5G BS. 

When comparing radar altimeter performance from ITU-R M.2059-0[footnoteRef:4] to 5G C-Band 3GPP Technical Specifications[footnoteRef:5], some radar altimeter models have a sensitivity exceeding -125 dBm in the presence of out-of-band (OOB) interference, while the 5G BSs have a minimum OOB blocking sensitivity of -89.7 dBm. When operating at the respective sensitivity level, some radar altimeters are shown to be able to operate in the presence of an OOB interferer 90 dB more powerful than the desired signal, while the 5G BSs specify the ability to block a signal with a power level of -15 dBm, i.e. a signal level 74.7 dB more powerful than the desired signal (see Table 1). [4:  ITU-R M.2059-0, “Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz Recommendation,” February 2014. ]  [5:  3GPP TS 38.104 version 17.5.0 Release 17, “Base Station (BS) radio transmission and reception”, April 2022.] 


	Parameter
	Unit
	5G BS
	Radar altimeter (D1)
	Radar altimeter (D2)
	Radar altimeter (D3)
	Radar altimeter (A1)
	Radar altimeter (A3)
	Radar altimeter (A5)

	Data Source(s) 
	 
	3GPP TS 138 104
	ITU-R M.2059-0

	Reference Point
	 
	Antenna Connector
	Receiver Input Port

	Sensitivity
	dBm
	-95.7
	< -114
	≤ -125
	≤ -120
	-120
	≤ -120
	-95

	OOB Blocking Sensitivity
	dBm
	-89.7
	< -114
	≤ -125
	≤ -120
	-120
	≤ -120
	-95

	OOB Blocking at Band Edge
	dBm
	-15
	
	
	
	
	
	

	Input Power Threshold
	dBm
	
	-30
	-43
	-53
	-30
	-56
	-40

	Difference Between Interference and Sensitivity or Input Power Threshold
	dB
	74.7
	> 84
	≥ 82
	≥ 67
	90
	≥ 64
	55



Table 1. Comparison of receiver parameters of Radar altimeter and 5G C-band systems

Radar altimeter data collected from the AVSI AFE 76s2 Report highlights the performance of radar altimeter receivers by showing the OOB interference power levels which result in a failure at a given desired signal power level (see Table 2). The values in the ‘Calculated Desired Signal Power Range’ row fall within a range of values because the transmit power was not provided, but the simulated path loss was. Since the transmit power was not provided it is assumed to fall between 20 to 33 dBm which is typical of radar altimeters. [footnoteRef:6]  [6:  Frick, Seth, “Radar Altimeters Overview of Operation, Design, and Performance,” Honeywell, November 8, 2021, slide 20. ] 



	Parameter
	Unit
	5G BS
	Tested Radar altimeter 
(L at 5000 ft)
	Tested Radar altimeter 
(L at 200 ft)
	Tested Radar altimeter 
(F at 5000 ft)
	Tested Radar altimeter 
(F at 200 ft)
	Tested Radar altimeter 
(S at 2000 ft)
	Tested Radar altimeter 
(T at 7000 ft)

	Calculated Desired Signal Power
	dBm
	-89.7
	-104 to -91
	-76 to -63
	-104 to -91
	-76 to -63
	-96 to -83
	-106 to -93

	OOB Interference Power Inducing Errors
	dBm
	-15
	-9
	Not Achieved 
(-5 dBm max tested)
	-27
	-16
	Not Achieved 
(-5 dBm max tested)
	-14

	Desired Signal Power to OOB Interference Ratio ()
	dB
	74.7
	95 <  < 82
	Not achieved but
 > 58
	77 < < 64
	60 <  < 48
	Not achieved but 
> 78
	92 <  < 79



Table 2. Receiver analysis summary of AVSI AFE 76s2 tested Radar altimeters[footnoteRef:7] [7:  Radar altimeters L, F, S, and T were selected because they represent a spread of the performance of tested radar altimeters. It should also be noted that the performance specified at 200 ft included in-band (IB) interference of approximately -55 dBm, which may have negatively impacted the desired signal power to OOB interference ratio. The data was still included because for example radar altimeter L at 200 ft could successfully operate in the presence of OOB interference at -5 dBm and IB interference of -55 dBm with a receive signal within the bounds of -76 to -63 dBm. ] 


Advantages of 5G systems
5G systems have multiple advantages due to transmission schemes and antenna designs, neither of which are components of a receiver.  

One advantage 5G system receivers benefit from, is the time division duplex (TDD) transmission scheme. This scheme benefits the receivers because BSs operating within and between multiple networks, that are synchronized, do not utilize the receiver when any other BS is transmitting. If BSs are synchronized with each other, interference between the systems is avoidable at operational distance as little as 200 meters. [footnoteRef:8] In the case where systems are not synchronized, the separation distance between two macro base stations/networks is up to 60 km for a co-channel configuration and up to 14 km for adjacent channel between two 8x8 array base stations operating with an EIRP of approximately 59 dBm/MHz.[footnoteRef:9]  Because of this transmission scheme the separation distance is improved by a factor of at least 70; however, radar altimeter systems cannot benefit from the transmission scheme due to fundamental differences in system functionality. [8:  3GPP TR 38.913 version 17.0.0 Release 17, “5G; Study on scenarios and requirements for next generation access technologies”, May 2022. ]  [9:  ECC Report 296, “National synchronization regulatory framework options in 3400-3800 MHz: a toolbox for coexistence of MFCNs in synchronised, unsynchronised and semi-synchronised operation in 3400-3800 MHz,” 8 March, 2019. ] 


Another factor 5G system receivers benefit from is the advanced antenna systems (AAS). These systems utilize an array of antennas all transmitting at slightly different or similar phases to each other to improve gain and allow the main beam of the antenna to be steered at specified azimuth and elevation angles. The gain at a given frequency and direction is a function of time whereas a single antenna experiences a constant gain at a given frequency and direction. With improved gain and spatial multiplexing from the AAS antennas, the entire systems performance is enhanced.[footnoteRef:10]  [10:  Butovitsch et al., “Advanced antenna systems for 5G networks,” Ericsson, November 2018. ] 

CONCLUSION
When discussing the performance of a receiver it is critical to consider both the intended usage and all parameters that define the receive system.  Some receivers gain benefits from factors outside of hardware and software components of the receive system; therefore, receivers must be looked at in isolation from these external benefits to be appropriately compared.

Systems in general are designed to perform a particular function and meet specifications, therefore if a system is unable to reject a particular interfering signal that does not necessarily indicate the system was poorly designed. All design considerations come with trade-offs. 

To enhance this analysis, it would be beneficial to receive anonymized test performance of 5G BS receivers, as well as performance of other systems operating in the specified band to see how well the systems perform compared to the specifications they are designed to. 
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