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1. Company opinions on UE differentiation: 2 RX V-UE & 4 RX HH UE  
	Company 
	Opinion 

	Samsung [3]
	Proposed solution (reuse existing techniques): 
· (testing) Declare and differentiate 2 RX Vehicle UE during GCF compliance tests  

· (field) Reuse MIMO layer signaling (Vehicle UE signals #RX = 2, 4)
· (field) Reuse IMEI based device identification, forbid allocation of 2 RX IMEI to HH UE or other device types (refer appendix of this document) 
· LTE network for telematics already identifies vehicle and HH UE clearly 
Comments:

· GCF to evaluate and send feedback to RAN 4 on feasibility. SI schedule should not be impacted by feedback. 
· RAN5 to include 2 RX feature as a part of RF, RRM and PS (TS: 38.521, 38.523), according to general 3GPP working methodology. 


	LG [3] 
	Proposed solution: 
· Recommend option 1 or/and 2 as seen below. If necessity of new signalling justified, then option 3 

· Capture definition of vehicle mounted UE in TS 38.101-1 and forbid exceptions to other device types 

Option 1: UE vendor declaration (GCF and RAN 5) 

Option 2:  Number of MIMO layer declaration

Option 3: UE type signaling 
Add-on: Good solution from Vodafone. SPID outside RAN 4 scope. GCF based distinction in RAN 4 scope  

· VDF: Not all activities in RAN 4 within the scope of RAN 4. Capture in TR but implementation in RAN 2. Any delay would avoid final result of 2 RX exception. Company CR on 36.300 & 38.300 required. MIMO layer signaling can distinguish # of RX.  
· Huawei: RAN 4 lead, agree and send LS to RAN 2

	Vodafone [3]
	Proposed solution: 

· Testing and certification of the 2Rx vehicle UE (LS to RAN5 and GCF required)

· New signalling design in order for the NW to authorize the 2Rx vehicle UE for QoS     management

· This would require RRC signalling (2Rx/4Rx) + obtaining the car subscriber info from HLR

· IMEI not the best place to get car subscriber info, we think encoding it in SPID may be a better approach
· Add-on: SPID 36.300 / 38.300 – Annex I based new field value, LS to RAN 2 and CC SA2 

	TIM [3]
	Need further discussions about 2 topics: 
· New Signalling (UE type differentiation) 
· Testing/certification (GCF consultation)

	Orange [3] 
	For further study 

	Ericsson [3]
	· MIMO layer signaling cannot be used to differentiate the vehicle UE and HH UE in general as it very likely in future there will be 4 RX vehicle UE
· Proposed solution: Declare and differentiate 2 RX Vehicle UE during GCF compliance tests  

	Huawei [2]
	· Observation 1: A precondition to allow vehicle UE to have 2RX exception is that the handheld UE can be guaranteed to not have such exception in the network.
· Observation 2: RRC signalling either through UL MIMO or a new one is not feasible to solve above issue. It only can distinguish 2RX vehicle and 4RX vehicle rather than distinguish vehicle and handheld UE.

· Observation 3: It is worth to note that without the clarification and confirmation from GCF, the above observation 1 cannot be solved and the risk in the network to allow 2RX exception for vehicle UE still exist

· Proposed solution: Send LS to both RAN5 and GCF to consultant the feasibility and method to distinguish vehicle UE and handheld UE.
· Add-on: Support VDF proposal in RAN 4 #89, based on SPID. Based on GCF reply LS, module can be certified with 2 RX or 4 RX. 

	(add-on) VW 
	· HH UE may not legally use 2 RX if 3GPP does not specify, and is outside ethical implementation. SPID may not be required 

· VDF: Not all devices are GCF certified. Devices operate in field without certification. SPID is required for authorization & also to avoid new device types in NR RAT with 2 RX 

	(add-on) CMCC
	· Follow VDF proposal in RAN 4 #89


Proposal 1: Based on different company opinions above, RAN 4 shall consider following solution and decouple dependency of work with both GCF and RAN 5 while allowing 2 RX exception studied in [1]

Conclusions: 

Conclusion 1: “Declare and differentiate 2 RX Vehicle UE through 3GPP compliance testing via GCF/other certification organizations. 

· 3GPP do not need to consider UE outside 3GPP compliance. 
Conclusion 2: For Vehicle UE, network based authorization is required. The actual implementation of authorization method does not impact 3GPP decision on 2 RX exception. 
· A possible solution to implement conclusion 2 is based on SPID value in 36.300/38.300 (Annex I), targeting rel-15 and beyond, to be captured in TR 38.826.   
· Other authorization proposals in RAN plenary is not precluded. 

· RAN 4 recommends RAN to consider other authorization proposals without additional RAN signaling. 
        Conclusion 3. RAN 4 agree on existing RRC signaling for # of MIMO layers to differentiate 2 RX UE from 4 RX UE
        Conclusion 4. Definition of Vehicular mounted UE in TS 38.101 

Final Conclusion: 2 RX Vehicular UE can be distinguished based on conclusion 1+2+3+4, to be captured in TR 38.826
2. Company opinions on 2 RX coverage analysis  
	Company 
	Opinion 

	LG 
	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

3

3

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
122.9
125.9
133.7
Based on MCL from link budget results, we can see followings;

Observation 1. 2 Rx VUE can provide larger MCL value than 4 Rx HH UE.


	VW
	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]

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


	Ericsson

	UE Tx power 

23dBm

DL Tx power

46dBm

eNB receiver noise figure

5dB

UE receiver noise figure

9dB -> 10dB
Interference margin

0dB

Table 1: Link budget for PDSCH channel 

Deployment scenario

Vehicle UE (2 Rx)

Hand Held UE( 4 Rx)

Frequency and SCS

n78, 30kHz

n78, 30kHz

Channel Bandwidth(MHz)

100 (273 PRB)
100 (273 PRB)
Channel 

PDSCH 

PDSCH 

Transmitter
 

 

(1) Tx power  (dBm)
46
46
Receiver
 
 
(2) Thermal noise density (dBm/Hz)
-174
-174
(3) Receiver noise figure (dB)
10  
10
(4) Interference margin (dB)
0
0
(5) Occupied channel bandwidth (MHz)
100*98.3%
100*98.3%
(6) Effective noise power
 
 
         = (2) + (3) + (4) + 10 log(5)  (dBm)
-84.1
-84,1
(7) Required SINR (dB) 
-1.5 [5]
-3.7[5][6]
(8) Receiver sensitivity
 
 
         = (6) + (7) (dBm)
-85.6[6]
-87.8[6]
(9) MaxCL 
 

 

         = (1) - (8) (dB)
131.6
133.8
 

 

 

Antenna Array element gain (BS)

8

8

# of antenna element (BS)

64

64

Antenna Gain BS [dBi]

26

26

Total Antenna Gain (with Cable loss) UE [dBi]

-4

0

Penetration loss

0

-9

Isotropic loss (dB)

153.6
150.8
Observation #1: Isotropic loss for 2 RX Vehicle UE is better than HH UE in the car for DL coverage perspective.



	CATT
	 Agreement 1: Receiver antenna system gain

　
4Rx HHUE
(Outdoor browsing)

4Rx HHUE
(Passenger Holding browsing)

4Rx HHUE
(Dash board)

2Rx VUE

Antenna Configuration

4Rx/2Tx

4Rx/2Tx

4Rx/2Tx

2Rx/2Tx

UE antanna Gain [dBi]

-9.5

-18.5

-15.5

-3

Diversity gain [dB]

2.7

2.7

2.7

0

Total gain [dB]

-6.8

-15.8

-12.8

-3

The coverage for 2 RX exception for vehicle mounted UE is comparable as the HH UE with 4 Rx based on the current parameters. Further check on the link budget based on TRP measurement may be needed.

	5GAA 
	1. LS RP-181522 provides average antenna gain values of typical antenna implementations in series cars to be taken as the baseline assumption in the study in 3GPP RAN4. The origin of these antenna gain values are passive antenna measurements and include cable losses.

2. Elevation range of 0-30° (measured from ground to sky, equal to theta=60-90° of measurement / simulation systems) is relevant for vehicular mobile communication. 

3. 5GAA recommends 3GPP RAN4 to exceptionally take the automotive methodology to characterise vehicular antennas into account and not to expect similar methods and metrics as of handheld UEs to be applied.
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Elevation pattern - 2496MHz vehicular antenna
Note: 

i. Antenna gain value of an extended elevation range of 0-40deg to acknowledge that special topography factors (e.g. hilly surroundings) can be accounted for.
ii. Additional loss (in dB) due to device connection to antennas/cables 

If for special topography factors (e.g. hilly surroundings) larger elevation angles are to be considered, then this can result in slightly different antenna gain values compared to an elevation range of 0-30°. This is illustrated in the measurement results in Table 1 and Figure 3. 

Table 1: Average antenna gain values for elevation ranges 60°-90° and 50°-90°.

Elevation range [°]

60-90

50-90

Antenna gain [dB]

2.65

2.47 
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Figure 3: Comparison of the antenna gain and radiation characteristic averaged over elevation ranges 60°-90° (left hand side) an 50°-90° (right hand side)
From top view: For every Azimuth measurement point, elevation measurement point is measured and averaged from 0 ° to 30 or 40 °  


Conclusions: 

Conclusion 1: 

· Based on MCL from link budget results, we can see followings:

The coverage with 2 Rx vehicular UE is comparable with 4 Rx hand-held UE based on the agreed parameters for link budget analysis [WF: R4- R4-1814775]. 
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