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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]. These facts motivate us to consider the antenna configurations illustrated in Figure 1.
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[bookmark: _Ref7354709]Figure 1. Distributed antennas on vehicle UE.
In Figure 1(a), 2 dual-polarized RX antennas are mounted on the front and rear bumpers, respectively. And in Figure 1(b), 2 RX antennas are placed on the rooftop. The vehicle has 4 RX antennas in total. Notably, these can be easily extended to the case of 2 RX antennas by replacing the dual-polarized antenna with single-polarized antenna. From Figure 1, it is observed that the RX antennas may not be collocated on the UE., On this basis, 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
RX antenna aspects
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 2 and Figure 3 (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 2 and Figure 3).
As Figure 2 and Figure 3 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. 
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[bookmark: _Ref501555932]Figure 2. 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 3. 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].
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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 this case, it can be beneficial for the RX UE to report the SL-RSRP that corresponds to each TX antenna. To this end, the RX UE should be capable of distinguishing different TX antennas. Details of this part will be introduced in the next section. As for reporting, 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.
Operations with distributed antennas
Antenna selection
If a UE has multiple TX antennas, it may not be efficient to transmit with all TX antennas, either simultaneously or non-simultaneously. According to [1], antennas of vehicle UEs are directional. If a TX vehicle UE intends to communicate with an RX vehicle in front of it, then the TX UE should use the TX antennas on the front bumper. If the TX UE uses the rear bumper antenna to transmit, or the RX UE uses only the front bumper antenna to receive, the sidelink will experience in excess of 10 dB SNR loss [3].
Although the antennas on the receiving vehicle will receive highest energy from different directions, this does not limit the design of implementation-based receiver algorithms to exploit the overall distributed Rx antenna system.
Proposal 3: Tx antenna selection should be supported in NR V2X.
Synchronization
The sidelink synchronization signal block (S-SSB) structure of NR V2X, as agreed in [5], enables transmission of multiple SLSS in different directions (e.g., from different TX antenna ports or from 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 TX antennas or on different ports. When in coverage, for example, transmission of SLSS in the direction of the gNB may lead to interference without providing increased coverage for synchronization purposes. The efficiency of the transmission of synchronization information, including protection of gNB from unneeded interference, can be improved by not transmitting SLSS on all TX antennas, and defining whether Tx UE transmits on a specific antenna or antenna port based on the measurements between that antenna and the gNB.
Proposal 4: NR V2X supports transmission of SLSS from multiple Tx antennas or antenna ports. The activation of SLSS on particular antennas or antenna ports is based on measurements.
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: Tx antenna selection should be supported in NR V2X.
[bookmark: _GoBack]Proposal 4: NR V2X supports transmission of SLSS from multiple Tx antennas or antenna ports. The activation of SLSS on particular antennas or antenna ports is based on measurements.
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