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1. Introduction
One of the main objectives of the study on the 2 RX exception in Rel-15 vehicle mounted UE [1] is to evaluate the impact of a 2Rx exception for vehicular UEs on the cell-edge coverage performance. The required evaluation methodology and the required parameters as well as values are clearly defined and selected based on the agreements of RAN4 # 88 [2] and RAN4 #88bis [3]. 
This contribution presents and discusses the results of this evaluation in context to the objectives set by RAN#80 and RAN#81. Finally, a text proposal for a conclusion for this objective is worked out. 

2. Discussion
The link budget calculation is used for the cell-edge coverage evaluation. The required parameters are defined base on the following deployment scenarios [2]: 
· Hand-held UE(HH)
· 4Rx HH outdoor 
· Browsing mode
· 4Rx HH in-vehicle 
· Dashboard / Passenger Holding in browsing mode
· Charger position can be considered by interested company
· Vehicle mounted UE(V)
· 2Rx V outdoor
· Antenna gains and cable loss will be used for the roof and other typical locations
 
In RAN #88bis [3], the following parameter were selected:
Table 1: Parameter for the cell-edge evaluation [3].
	Parameter name
	Parameter value
	Description

	Antenna system gain per element for handheld UE antenna
	-7.5 [dBi]
	Incl. body loss due to the hand in browsing mode, based on GSMA TS 24 [4]

	Antenna system gain per element for vehicle UE antenna
	-3 [dBi]
	Incl. implementation losses as cable and connectors, based on 5GAA data base [5]

	Penetration loss
	-9 [dB]
	3GPP TR 38.901 [6]



Table 2 illustrates the cell-edge evaluation relevant results based on the agreed parameter in [3].
						
Table 2: Link Budget Evaluation in AWGN channel.
	
	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 [dBi]
	18
	18
	18
	18

	UE
	Antenna Gain [dBi]
	-7,5
	-7,5
	-4,5
	-3

	
	Penetration Loss [dB]
	0
	9
	9
	0

	
	Total [dB]
	-7,5
	-16,5
	-13,5
	-3

	BS Tx Power [dBm]
	46
	46
	46
	46

	UE REFSENS4 [dBm]
	-87,4
	-87,4
	-87,4
	-84,7

	MCLDL [dB]
	143,9
	134,9
	137,9
	145,7



In Table 2, the resulting maximum coupling loss for all defined evaluation scenarios with 4Rx handheld is below the results of the 2Rx vehicle mounted UE in  DL.
Observation #1: 2 Rx vehicle mounted UE achieve larger MCL values than 4Rx handheld UEs in all evaluation scenarios.
Further, it is obvious that the performance results of the handheld UE have most probably a large variance as the usage of this UE type depends on the person holding positions and usage situations. Compared to this the performance of vehicular UEs are more deterministic due to the fixed mounted antennas.  
This link budget evaluation for the cell-edge coverage clearly indicates no negative influence for the cell-edge performance by accepting 2Rx vehicle mounted UEs in frequency bands where 4Rx handheld UEs are mandated. In some cases as in-vehicle scenarios, the network performance would be even improved by using a hotspot service inside the vehicle provided by the vehicle TCU.
Proposal:  No indication for a degradation of the cell-edge coverage performance by using 2Rx vehicle mounted UEs in bands where 4Rx is mandated. 

3.  Conclusion
According to the discussions and performance evaluation results captured in the previous section, the following conclusions can be drawn:
· 2 Rx vehicle mounted UE achieve higher MCL in the evaluation scenarios
· Due to the fixed mounting antennas several vehicle specific advantages (e.g. better antenna gain due to the limitation of the required sphere, no body losses) are given and result in a higher MCL
· 2 Rx vehicle implementation are less arbitrary in the performance as the number of possible antenna positions is much more limited compared to the handheld use cases and holding positions.
· Even in browsing mode there are several usage and holding positions possible whereas the vehicle has clear defined position because of the mounting.
· No performance degradation in cell-edge coverage was identified in case of allowing 2 Rx vehicle mounted UEs exception.
Proposal: Based on the results of the cell-edge evaluation, it is recommend to allow vehicular UEs with 2Rx to access NR bands where 4Rx is mandated for other UE.

****************** Start of the TP in Sub-clause 6.x of TR38.826 ************************
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6.2 Coverage evaluation results

Table 6.2-1. Coverage analysis for n41 
	　
	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 Antenna Gain [dB]
	18
	18
	18
	18

	UE
Antenna
Gain1
	Antenna system gain per element 4 [dBi]

	-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

	
	Maximum allowable path loss [dB]
	131.9
	125.4
	128.4
	133.7

	Note 1. UE Antenna Gain including cable & body loss is based on [6]. Detailed values for n41 are based on follows:
· HH-UE : https://www.gsma.com/newsroom/wp-content/uploads/TS-24-v3-01.pdf
· Vehicle UE: 5GAA LS (R4-1811528)

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)
Note 4. Antenna system gain per element = (ant. efficiency + directivity) + cable/Body Loss





	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	





The smallest difference in DL Maximum allowable path loss  is observed to be 1.8dB from the analysis.

6.x.1 Volkswagen simulation results
Volkswagen provide link budget evaluation results based on agreed RF parameters as shown in Table 6.x.1-1
Table 6.x.1-1: Link Budget Evaluation in AWGN channel.
	
	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 [dBi]
	18
	18
	18
	18

	UE
	Antenna Gain [dBi]
	-7,5
	-7,5
	-4,5
	-3

	
	Penetration Loss [dB]
	0
	9
	9
	0

	
	Total [dB]
	-7,5
	-16,5
	-13,5
	-3

	BS Tx Power [dBm]
	46
	46
	46
	46

	UE REFSENS4 [dBm]
	-87,4
	-87,4
	-87,4
	-84,7

	MCLDL [dB]
	143,9
	134,9
	137,9
	145,7



In Table 6.x.1-1, the resulting maximum coupling loss for all defined evaluation scenarios with 4Rx handheld is below the results of the 2Rx vehicle mounted UE in DL.
Observation: 2 Rx vehicle mounted UE achieve larger MCL values than 4Rx handheld UEs in all evaluation scenarios.

6.x.2 HW simulation results
<it will be captured if they provide the evaluation results>

6.x.3 LG simulation results
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From evaluated Maximum allowable path loss value, actual cell coverage in n41 based on typical pathloss model defined in TR38.901 are shown in Figure 6.2-1 with relative cell coverage ratio which is normalized with 4Rx HHUE at outdoor.

[bookmark: _Ref524683391]Figure 6.2-1. Evaluated n41 cell coverage based on pathloss model in TR38.901
Based on Table 6.2-1 and Figure 6.2-1, interpretations are: 
· 2 Rx VUE can provide larger Maximum allowable path loss  value than 4 Rx HH UE.
· 2 Rx VUE can provide at least 11% larger cell coverage than 4 Rx HH UE.
· <it will be captured if they provide the evaluation results>

6.x.4 Samsung simulation results
<it will be captured if they provide the evaluation results>

6.x.5 Ericsson simulation results
<it will be captured if they provide the evaluation results>
· 
6.4x	Conclusions
According to the discussions and performance evaluation results captured in the previous section, the following conclusions can be drawn:
· 2 Rx vehicle mounted UE achieve higher Maximum allowable path loss  MCL in the evaluation scenarios
· Because of the fixed mounting of antennas several vehicle specific advantages (e.g. better antenna gain due to the limitation of the required sphere, no body losses) are given and result in the higher Maximum allowable path loss  MCL
· 2 Rx vehicle implementation are less arbitrary in the performance as the number of possible antenna positions is much more limited compared to the handheld use cases and holding positions.
· Even in browsing mode there are several usage and holding positions whereas the vehicle has clear defined position because of the mounting.
· No performance degradation in cell-edge coverage was identified in case of allowing 2 Rx vehicular UEs 

Conclusion: Based on the results of the cell-edge evaluation, there was no indication for a degradation of the cell-edge coverage performance by using 2Rx vehicle mounted UEs in bands where 4Rx is mandated. 
Conclusion: Based on the results of the cell-edge performance evaluation, there was no indication for a degradation of the cell-edge coverage performance by using 2Rx vehicle mounted UEs in bands where 4Rx is mandated. This conclusion is valid when the vehicular UE reflects antenna system gain per element which is at least -4.8 dBi due to difference in maximum allowable path loss between 2 RX VUE and 4 RX HH UE outdoor in table 6.2-1.   
Therefore, it is recommend to allow vehicular UEs with 2Rx to access NR bands where 4Rx is mandated for other UE.


****************** End of the TP in Sub-clause 6.x of TR38.826 ************************
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4Rx HHUE
(Outdoor)	RMa	UMa	UMI-Street Canyon	Freespace	1276.5801703853954	655.07035925279934	710.53965336078261	36101.616795082133	2Rx VUE	111.3%
111.2%
112.5%
123%

RMa	UMa	UMI-Street Canyon	Freespace	1421.1499902843236	728.36205782523166	799.06079162690287	44414.691718825285	RMa	UMa	UMI-Street Canyon	Freespace	
Distance [meter]
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