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In [1], three vehicle types are defined as follows: 
· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters. 
In addition, different options are discussed in [1] for the placement of the antennas on the vehicle: front rooftop, rear rooftop, front bumper and rear bumper, leading to a distributed placement of the antennas on the UE. For the new work item on 5G V2X with NR sidelink, 2 RX antennas as well as 4 RX antennas are supported [2]. As the RX antennas may not be collocated on the UE, the channel characteristics from a TX UE observed by a UE may be distinct among the Rx antennas, due to the different locations of the RX antennas on the UE.
Measurement and reporting with multiple antennas
A UE with Rx antennas located at the rooftop or front and rear bumpers of the UE, may observe considerable differences in received power from a TX UE across the different Rx antennas. For example, Figure 1 and Figure 2 (taken from [3]) depict the received power for rooftop antenna and bumper antenna locations in case of LOS and NLOSv case (with a blocking vehicle between TX UE and RX UE). Comparing the blocked LOS positions for rooftop and bumper antennas, the difference in the received power compared to the respective LOS power is  up to 10dB (see Position 5 in Figure 1 and Figure 2).
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[bookmark: _Ref501555932]Figure 1. Received power in case of rooftop antenna location at 6.75, 30 and 60 GHz. TX and RX UE are stationary and 44 meters apart, with blocking vehicle moving between Position 0 and 15. Details in [3].
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[bookmark: _Ref5719418]Figure 2. Received power in case of bumper antenna location at 6.75, 30 and 60 GHz. TX and RX UE are stationary and 44 meters apart, with blocking vehicle moving between Position 0 and 15. Details in [3].
As the figures indicate, at different RX antennas, the RX UE would measure considerably different SL-RSRPs from a TX UE. As several physical layer procedures in NR V2X like power control rely on measurements of such channel characteristics, NR V2X should support that measurements can be made on different Rx antennas on the UE.
Proposal 1: Physical layer procedures, e.g. power control, should account for different placement of the RX antennas on a UE. 
In RAN1#96 [4], the following agreements regarding power control were made:
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 

In general, a TX UE can also have several TX antennas, which similar to the RX antennas, may also be distributed on the TX UE. If the TX UE has several non-collocated TX antennas, the pathloss between the TX UE and the RX UE may be different for different TX antennas. In order for the RX UE to distinguish the different TX antennas, different reference signals, i.e. CSI-RS, may be employed. The RX UE can report SL-RSRP to the TX UE along with an indication of the resource for which this measurement corresponds.
Proposal 2: For power control, the report of SL-RSRP to TX UE should support multiple TX antennas at the TX UE.
Operation with multiple Tx antennas
If a UE has multiple TX antennas, it may not be efficient to transmit with all TX antennas, either simultaneously or non-simultaneously. The sidelink synchronization signal block (S-SSB) structure of NR V2X, as agreed in [5], enables transmission of multiple SLSS in different directions, for example from different non-collocated TX antennas. Depending on the configurable number of S-SSBs, the SLSS can be transmitted in the same direction multiple times or in distinct directions, i.e. with different non-collocated TX antennas. The transmission of SLSS in certain directions may not be efficient. When in coverage, for example, transmission of SLSS towards the gNB may lead to interference without providing increased coverage for synchronization purposes. The efficiency of the transmission of synchronization information can be improved by not transmitting SLSS on all directions and/or TX antennas.
Proposal 3: The transmission of SLSS should support transmission on either all or a subset of the TX antennas of the UE.
Conclusion
In this contribution, we discussed different placement of the RX and TX antennas on a UE for NR V2X. The conclusions are as follows:
Proposal 1: Physical layer procedures, e.g. power control, should account for different placement of the RX antennas on a UE. 
Proposal 2: For power control, the report of SL-RSRP to TX UE should support multiple TX antennas at the TX UE.
Proposal 3: The transmission of SLSS should support transmission on either all or a subset of the TX antennas of the UE.
References
[bookmark: _Ref5709296][bookmark: _Ref167612671][bookmark: _Ref532246529][bookmark: _Ref525804233][bookmark: _Ref513023823][bookmark: _Ref509941210][bookmark: _Ref520448007][bookmark: _Ref525654501]3GPP TR 37.885, "Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR," May 2018.
[bookmark: _Ref5709305]RP-190766, “New WID on 5G V2X with NR sidelink”, LG Electronics, Huawei, RAN#83, Shenzhen, China, March 2019.
[bookmark: _Ref5715418]R1-1805914, “V2X sidelink channel model”, Huawei, HiSilicon, RAN1#93, Busan, Korea, May 21 – May 25, 2018.
[bookmark: _Ref4489175]Chairman notes, RAN1#96, Athens, Greece, February 2019.
[bookmark: _Ref524361899]Chairman notes, RAN1#94bis, Chengdu, China, October 2018.

image1.png
Norm. Received Power [dB]

Blocked LOS

0a

10

11

12

13

14




image2.png
Norm. Received Power [dB]

Blocked LOS

0a Ob 0c 1 2 3 4 5 6 7 8 9 10 11 12 13 14




