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1. Introduction
In RAN #80 meeting, a SI [1] was approved to evaluate 2 RX as exception in frequency bands n7, n38, n41, n77, n78, n79 where currently 4 RX is mandated due to critical demands of automotive industry [2]. An initial explanation was provided to address concerns of impact to network and system coverage in [3]. The study item addresses 2 major topics: 
· Investigate the impact of 2Rx vehicle mounted UE on coverage and throughput and the possible ways to avoid or at least minimize such impact.
· Methods to distinguish vehicular UE from handheld UE
This document aims at summarizing the several studies which were conducted since RAN #80 meeting in order to conclude the evaluations of 2 RX impacts with respect to throughput required for European Commission’s Broadband vision.
2. Discussion on Throughput results 
In RAN 4 #88 meeting, a WF was agreed [4], where following agreements were reached: 
· Coverage is more important than throughput to evaluate the impact of 2 RX exceptions to network

· Throughput study is out of scope of RAN WG 4. 

· Coverage is based on link budget analysis
In RAN #81 meeting, the following was agreed and LS was sent to RAN 4 [5]: 

· The impact of 2RX vehicle mounted UEs on coverage in terms of cell edge performance has to be evaluated. 

· Cell capacity analysis is not considered essential.
· As a reference to the cell edge performance for link budget evaluation, the requirement of the European   
   Commission’s Broadband Europe vision of 30 Mbps downlink throughput could be used
· To augment the existing pass/fail limit for reference sensitivity, an analysis could be provided of the downlink  
   signal level at which a certain throughput target is reached.
Intensive discussions and studies have been carried out to analyze link budgets and parameters for link budgets have been discussed extensively in several meetings and agreed in [4], [6]. Based on the agreed parameters in [6], the following link budget study provided in [7] during RAN 4 #88 bis meeting has been updated as shown in table 1. 
It can be seen that MCL values have been mentioned for analyzing cell coverage. As a part of the link budget discussions in [4], [6], [7], reference sensitivity values specified in TS 38.101-1 have been taken into account for the frequency bands under discussion (example n7). It should be noted that reference sensitivity values mentioned in TS 38.101-1, correspond to Fixed reference channel (FRC) for receiver requirements seen in [8]. 

The maximum throughput averaged over 1 frame which shall be met with FRC defined in [4] is up to 34.603 Mbps. It is evident that the downlink signal level for meeting EC throughput requirement at cell edge performance, of 30 Mbps mentioned in [5], has been satisfied while calculating 2 RX link budgets for vehicular mounted UEs.  

Table 1. MCL Analysis for n7/n41 (20MHz CBW)

	　
	4Rx HHUE
(Outdoor)
	4Rx HHUE
(Passenger Holding)
	4Rx HHUE
(Dash board)
	2Rx VUE

	UE Antenna Configuration
	4Rx/2Tx
	4Rx/2Tx
	4Rx/2Tx
	2Rx/2Tx

	BS Antanna Gain [dB]
	18
	18
	18
	18

	UE
Antanna
Gain
	Antenna Gain1 [dB]
	-7.5
	-7.5
	-4.5
	-3

	
	Penetration Loss2 [dB]
	0
	9
	9
	0

	
	Total [dB]
	-7.5
	-16.5
	-13.5
	-3

	Fading Margin [dB]
	9
	9
	9
	9

	Interference Margin [dB]
	3
	0.5
	0.5
	3

	DL
	BS Tx Power [dBm]
	46
	46
	46
	46

	
	UE REFSENS3 [dBm]
	-87.4
	-87.4
	-87.4
	-84.7

	
	MCLDL [dB]
	131.9
	125.4
	128.4
	133.7

	Note 1. UE Antenna Gain including cable & body loss is based on [6].

Note 2. O2I car penetration loss is based on TR38.901 7.4.3.2

Note 3. 4 Rx REFSENS = 2 Rx REFSENS (TS38.101-1 Table 7.3.2-1) + ΔRIB,4R (TS38.101-1 Table 7.3.2-2)


Proposal 1: The downlink signal level for meeting EC throughput requirement at cell edge performance, of 30 Mbps, has been satisfied while calculating 2 RX link budgets for vehicular mounted UEs.  
Furthermore, it has been shown in [7] that actual cell coverage analysis based on table 1 using path loss models (RMa, UMa, UMI-SC, Freespace) does not impact the network and as well meets the required throughput limits recommended by RAN [5]

Conclusion
The downlink signal level for meeting EC throughput requirement at cell edge performance, of 30 Mbps, has been satisfied while calculating 2 RX link budgets for vehicular mounted UEs.  
****************** Start of the TP in Sub-clause 6.X of TR38.826 ************************
6.X
Evaluation on European Commission’s Broadband vision 
This section aims at summarizing the several studies which were conducted since RAN #80 meeting in order to conclude the evaluations of 2 RX impacts with respect to throughput required for European Commission’s Broadband vision.

6.X.1 Scope of the Study
In RAN 4 #88 meeting, a WF was agreed [4], where following agreements were reached: 

· Throughput study is out of scope of RAN WG 4. 

· Coverage is based on link budget analysis
In RAN #81 meeting, the following was agreed and LS was sent to RAN 4 [5]: 

· The impact of 2RX vehicle mounted UEs on coverage in terms of cell edge performance has to be evaluated. 

· Cell capacity analysis is not considered essential.

· As a reference to the cell edge performance for link budget evaluation, the requirement of the European   
   Commission’s Broadband Europe vision of 30 Mbps downlink throughput could be used
· To augment the existing pass/fail limit for reference sensitivity, an analysis could be provided of the downlink  
   signal level at which a certain throughput target is reached.
6.X.2 Analysis of cell edge performance
Intensive discussions and studies have been carried out to analyze link budgets and parameters for link budgets have been discussed extensively in several meetings and agreed in [4], [6]. Based on the agreed parameters in [6], the following link budget study provided in [7] during RAN 4 #88 bis meeting has been updated as shown in table 1. 

It can be seen that MCL values have been mentioned for analyzing cell coverage. As a part of the link budget discussions in [4], [6], [7], reference sensitivity values specified in TS 38.101-1 have been taken into account for the frequency bands under discussion (example n41). It should be noted that reference sensitivity values mentioned in TS 38.101-1, correspond to Fixed reference channel (FRC) for receiver requirements seen in [8]. 

The maximum throughput averaged over 1 frame which shall be met with FRC defined in [4] is up to 34.603 Mbps. It is evident that the downlink signal level for meeting EC throughput requirement at cell edge performance, of 30 Mbps mentioned in [5], has been satisfied while calculating 2 RX link budgets for vehicular mounted UEs.   
Furthermore, it has been shown in [7] that actual cell coverage analysis based on table 1 using path loss models (RMa, UMa, UMI-SC, Freespace) does not impact the network and as well meets the required throughput limits recommended by RAN [5]
Conclusion: The downlink signal level for meeting EC vision at cell edge performance, of 30 Mbps, has been satisfied while calculating link budgets for 2 RX vehicular mounted UEs. 
****************** End of the TP in Sub-clause 6.X  of TR38.826 ************************
Reference

[1] RP-181990, “Study on evaluation for 2 RX exception in Rel-15 vehicle mounted UE for NR”, SAMSUNG, Volkswagen AG, LG Electronics”, SAMSUNG, Volkswagen AG, LG Electronics
[2] R4-1806142, “LS on minimum number of RX antennae for NR Vehicular UEs”, 5GAA. 
[3] R4-1809930, “Coverage related issues for 2Rx RF requirements of vehicle mounted NR UE as exception case”
[4] R4-1811897, “WF on Evaluation for 2 RX exception in Rel-15 vehicle mounted UE”, Volkswagen AG, LG Electronics, SAMSUNG, GM, etc., 
[5] RP-182169, “LS on impact of 2Rx vehicle mounted UEs on coverage”, 3GPP RAN

[6] R4-1816650, “Updated WF on 2 Rx vehicular UE”, SAMSUNG, LG Electronics, Volkswagen AG.
[7] R4-1816653, “TP on conclusion on Rx link budget evaluation”, VW 
[8] TS38.101-1, “User Equipment(UE) radio transmission and reception; Part 1: Range 1 Standalone”, 3GPP[image: image1.png]



