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Introduction
	 As seen in [1], for NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline is considered and endorsed. According to 5GAA outcomes [2] - [3], automotive industry in “one-common-voice” with support from wireless ecosystem has clearly stated their view showing support to allow 2Rx as exception for vehicular UEs. 
The difference in technology definition and expectation from automotive industry was intensely discussed in RAN 4 #87 working group meeting and LS was sent to RAN #80 [4], corresponding to way forward agreed in RAN 4 [5]. 
The agreed way forward [5] recommends RAN #80 to have decision in RAN #80 on how to resolve 5GAA request to accommodate 2Rx as an exceptional case for vehicle mounted NR UE with following options: 
· Option1: treated in Rel-15 TEI in Q3 2018
· Option2: treated in release independent manners from Rel-15
· Option3: treated as company CR in RAN #80
This contribution provides solutions for issues raised in way forward of RAN 4 #87 [5]: 
· 2Rx in vehicular NR UE not degrading coverage (section 2.1)
· 4Rx implementation difficulties (section 2.2 to 2.3)
This contribution aims at highlighting fundamental differences with study of RAN 4 #87 [6] where 4Rx for vehicular NR UE is supported without accounting for realistic deployment. 
5G NR vehicular UE 
Antenna systems with 2Rx 
The following study provided in [6] is comparing 4Rx link budget with 2Rx link budget. It has also been the basis for supporting 4Rx mandate in [1] based on higher maximum path loss (MPL). 
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Fig 1. MPL and sensitivity values with 4 RX NR vehicular UE [6]

In [6], the following excerpt is also seen: 
“It seems not fair to compare the coverage between the 2Rx vehicle device outside the vehicle                   (exterior 2Rx) and the 4Rx handheld UE inside the vehicle (interior 4Rx handheld UE)

The following is response to study in [6] which considers opinion of automotive industry: 
1. While defining a technology, it is very essential to consider the realistic deployment conditions. It cannot be denied that the current discussion is related to vehicular UE. 

2. In ECC report 228 [7] and in car manufacturer study [8], the antenna gain values are discussed for intelligent transportation systems. Figure 2 showcase gain realized in vehicular systems where the value is around 5 dBi and it is also recommended by “ITU”.   
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Fig 2. ITS OBU/TCU antenna gain value around 5 dBi [7] 


3. Antenna system total gain = Antenna gain – cable loss                ---------------- eqn. (1)
· If cable loss for 2 m is considered, cable loss = 2dB
· Antenna gain = 3 ~ 5 dBi 
· Antenna system total gain for vehicle UE = 1~3 dBi 
· The parameters depend on operating frequency of antenna

4. In the light of antenna system’ total gain considerations being very different for vehicular UE, the study provided in figure 1 [6] is recommended to be revised. The findings shown for receiver sensitivity and maximum path loss factors become outdated in [6]. 

5. The following findings in figure 3(a-c) from a commercial mobile phone provider (HH UE) showcase the average antenna gain values (passive) for Multi-band & Multi-mode supporting Antenna. 



[image: ]                         Fig. 3(a) Antenna performance of commercial HH UE at low frequency
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Fig. 3(b) Antenna performance of commercial HH UE at mid frequency
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Fig. 3(c) Antenna performance of commercial HH UE at high frequency

6. It can be seen that the handheld UE antenna performance in fig. 3 are worse compared to vehicular UE antenna performance in fig.2 and [8] by at least more than 3 dB, by considering vehicular antenna system total gain. 

Proposal 1: 5G NR link budget based on 4Rx HH UE should be adapted for 2Rx vehicular UE deployment. Improvement in receiver SNR for 2Rx with respect to receiver antenna gain (i.e. Antenna system total gain) shall be considered.

7. It should be noted that additional RF compensators shown in fig. 4 might be employed in the vehicles to compensate for the RF losses of specific cables without introducing further gain in RF chain. This module can only be considered for car models with TCU and antenna systems where unavoidably high-loss RF chains exist. The utilization of such compensator would even further improve the RF system performance of vehicles.  However, RF compensators intensively increase the implementation complexity.
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Fig. 4 RF compensators used in cars [Kathrein RF solutions, 9]




8. 2 RX SNR at receiver is ~ 3 dB worse compared to 4 RX receiver, as shown in [6] 

Observation 1: SNR values perceived by a 4Rx handheld UE receiver and 2Rx vehicular UE is comparable, when considering Antenna system total gain (Antenna gain – cable loss)

Observation 2: In regular radiation conditions, SNR of 2Rx vehicular UE receiver is better than 4Rx HH UE due to absence of hand held environments and body losses. 

9. It is recommended to update the following calculations in [6]: 

	SNR receiver values for 4Rx HH-UE 
(in dB)
	SNR receiver values for 2Rx V-UE                (in dB)

	PBCH
	PDCCH
	PDSCH 
10 Mbps
	PBCH
	PDCCH
	PDSCH    
10 Mbps

	-12 
	-8.2 
	-7.5 
	-8.95 – TBD 

if TBD = 3: 
= -11.95
	-4.86 – TBD 

if TBD = 3: 
= -7.86
	-4.6 – TBD

if TBD = 3: 
=-7.6 


Table 1. Updated SNR values based on proposal 2 for rel.15 V-UE 

10. The following excerpt has been respected in TS 38.101-1 chapter 7.1 for receiver characteristics while defining reference sensitivity

For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. 

Observation 3: TS 38.101-1, Table 7.3-2 considers an improvement in sensitivity of 2.7dB for n7, n38, n41 and of 2.2dB for n77, n78, n79 when using 4Rx antennas. 

Proposal 2: The reference sensitivity improvements for 4Rx listed in TS 38.101-1, Table 7.3-2 can be granted by other means like higher antenna gains compared to handheld devices. Therefore, the sensitivity of 2Rx UE permanently mounted in a vehicle at system level can be considered as comparable to a 4Rx handheld UE at system level.


11. One of the possibilities to include antenna gain in deriving reference sensitivity is given in equation 2, where “G” can express antenna system total gain and MOS represents minimum operational sensitivity.  


12. It might be difficult to find a single solution for TCU baseline receiver architecture due to several possibilities of antenna/TCU placement challenges listed in [8]. For example, antennas can be located in roof top, front or rear (left/right) bumpers. However smart antenna solutions mentioned in [10] help avoid the need for RF compensators and long cables when roof top position is considered, enabling better received signal quality. 

13. When uplink is considered, vehicular UE shall enable higher coverage range compared to hand held UE 

Multiple Cellular & other radios
1. Multiple cellular radios, for example 2 concurrently operating (and active data/voice) SIM might be required inside the car for commercial aspects of 5G technology, for example, to run car manufacturer services and end-user services separately.   

2. Such a complex deployment scenario inside a telematics control unit shown in fig. 5 (RFFE and antenna systems). Dual-SIM might be outside 3GPP scope but such industry/ecosystem requirements need to be duly considered to enable a successful 5G in automotive vertical.

3. In release 15, a number of automotive companies have shown heavy interest in adopting the technology using 5G-NR. It is extremely complex for V-UE to implement 8 antenna paths for these 2 cellular 5G radios. 

4. Along with cellular, automotive UE might have several other radios integrated similar to a HH UE. A detailed explanation of other radios integrated in car is provided in [8]

[image: ]
Fig 5. Dual SIM scenario, high level TCU block diagram with RFFE/antenna systems complexity [11]    

5. It should be noted that each of additional antenna paths in such a complex environment (single SIM or dual SIM with other non-cellular radios) add RF circuitry which contributes to heat production in the circuitry

6. The TCU module should withstand high temperatures and undergo temperature testing (tighter qualifications) according to ISO standards: 

· At Storage conditions, high level temperature must be maintained around 100°c approximately up to 200h 

· Up to 95°C ambient or operating temperature is required for 5G NR radios inside telematics control unit for few

· High operating temperature might have to be tested for more than 1 month or corresponding number of hours

· Any small increase in temperature of TCU due to additional complexity might fail the ISO standards testing. 

· Adding 2 more RF paths for single SIM and 4 more RF paths for dual SIM definitely is increasing qualification complexities

Implementation challenges with 4Rx 
Many of the important challenges has already been explained in [8]. The following discussions complement ideas submitted in [8]
1. More antenna connectors and antenna cables would increase complexity of testing the following qualification criteria, per region specific norms and regulations like EN, ISO. 

· Radiated emissions 
· Radiated Immunity 
· ESD Discharge

2. Routing antenna cables is not trivial. For example, in low end cars, it might be possible that number of C-pillars in car is limited and room for antenna cable is scarce, fig.6. 
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Fig.6 C-Pillars (Hyundai OEM) to denote C-pillars in the car body

3. Limiting form factor of the car can give rise to: 
· Priority for antenna placement locations in best radiation spots along the body of the car to enable mandatory services like e-call or similar.  
· Although car has real-estate, as explained in [8], not all available space shall be used for placement of antenna modules due to difficult radiation conditions. 
· It is also not possible to have a baseline discussion due to difficulties mentioned in [8] with respect to car models, which heavily are different from one another. 

Proposal 3: Implementation challenges mentioned in section 2.2 and 2.3 should be considered while defining #of Rx antennas for 5G NR frequency bands.

Conclusion
Observation 1: SNR values perceived by a 4Rx handheld UE receiver and 2Rx vehicular UE is comparable, when considering Antenna system total gain (Antenna gain – cable loss)

Observation 2: In regular radiation conditions, SNR of 2Rx vehicular UE receiver is better than 4Rx HH UE due to absence of hand held environments and body losses. 

Observation 3: TS 38.101-1, Table 7.3-2 considers an improvement in sensitivity of 2.7dB for n7, n38, n41 and of 2.2dB for n77, n78, n79 when using 4Rx antennas. 


Proposal 1: 5G NR link budget based on 4Rx HH UE should be adapted for 2Rx vehicular UE deployment. Improvement in receiver SNR for 2Rx with respect to receiver antenna gain (i.e. Antenna system total gain) shall be considered.

Proposal 2: The reference sensitivity improvements for 4Rx listed in TS 38.101-1, Table 7.3-2 can be granted by other means like higher antenna gains compared to handheld devices. Therefore, the sensitivity of 2Rx UE permanently mounted in a vehicle at system level can be considered as comparable to a 4Rx handheld UE at system level.

Proposal 3: Implementation challenges mentioned in section 2.2 and 2.3 should be considered while defining #of Rx antennas for 5G NR frequency bands
Considering all the discussions in this contribution, by respecting the entire view of automotive industry [8], [2], [3], the following proposal is submitted through this contribution. 
Proposal 4: In lieu of avoiding the delay for adoption of 5G Sub-6 GHz technology in automotive sector, it is recommended that RAN #80 duly considers RAN 4 #87 recommendations while allowing 2Rx exception for 5G NR vehicular UE with option 3
· Option3: treated as company CR in RAN #80
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Abbreviations 
· HH-UE: Hand Held User equipment 
· V-UE: automotive vehicular UE 
· RFFE: RF front end circuitry 
· TBD: To be decided 
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