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Introduction
In the RANP ##83 meeting, a new WID of NR-V2X was agreed. One of the objective is to study physical layer procedure of NR-V2X, which is shown below [1]:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
……
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]
……
In this contribution, we will discuss the related issues of physical layer procedure. 
Sidelink feedback mechanism for NR-V2X
1.1 Feedback contents
It was agreed to feedback HARQ ACK/NACK for unicast and groupcast during SI. In RAN1 #96 meeting [2], it was also agreed to report SL-RSRP from receiver to transmitter which can be used for power control.
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 

The following working assumption about CSI reporting was also agreed in RAN1 #96 [2].
Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase

According to the WID description, CQI/RI feedback is supported. Therefore, there are at least four kinds of information to be feedback from RX UE to TX UE: HARQ ACK/NACK; SL-RSRP; CQI; RI.
Observation 1: At least four kinds of information need to be fed back from RX UE to TX UE over sidelink for NR-V2X. 
· HARQ ACK/NACK
· SL-RSRP
· CQI
· RI
These information can be fed back from RX UE to TX UE separately or jointly. For example, HARQ ACK/NACK can be fed back based on the decoding status of PSSCH. TX UE can trigger RX UE to report CQI/RI for transmission parameter adjustment. Or the RX UE can report SL-RSRP to assist TX UE’s power control. 
It was agreed that PSFCH is used to carry HARQ ACK/NACK in RAN1 #96 meeting [2]:
Agreements:
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.

And according to the WID, CQI/RI is carried in PSSCH. For the SL-RSRP report, we propose to use PSSCH which is similar as CQI/RI report. 
Proposal 1: PSSCH is used for CQI/RI/SL-RSRP report.
If RX UE needs to feedback HARQ ACK/NACK to TX UE, and report CQI/RI to TX UE at the same slot, whether HARQ ACK/NACK and CQI/RI can be fed back jointly or not needs FFS. 
Proposal 2: Joint feedback of HARQ ACK/NACK and CQI/RI needs FFS.
1.2 Resource selection for feedback channel
According to above discussion, there are at least two kinds of channels which can be used to carry feedback information: 
· PSFCH: for HARQ ACK/NACK
· PSSCH: for CQI/RI reporting, FFS SL-RSRP reporting
For PSFCH, the timing gap between PSFCH and its associated PSSCH is (pre-)configured [2].
Agreements:
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

The starting position in frequency domain of PSFCH can be aligned to the associated PSSCH so that TX UE can detect PSFCH without blind decoding. The frequency length of PSFCH can be (pre-)configured. While the frequency length should be less than the associated PSSCH. Otherwise it may cause collision among PSFCH. One illustration is shown below.
Proposal 3: 
· The frequency staring position of PSFCH is aligned with the associated PSSCH
· The frequency length of PSFCH is (pre-) configured, and less than frequency length of the associated PSSCH.



Figure 1 Transmission resource of PSFCH
The transmission resource of PSFCH is determined by the associated PSSCH to reduce blind detection. While for PSSCH which carries CQI/RI reporting, the transmission resource can be determined by either TX UE or RX UE. 
· If the transmission resource of feedback channel is determined by TX UE, it can simplify the feedback information detection. While the resource allocated by TX UE may be not suitable for RX UE. For example, TX UE indicates a resource to RX UE to do CQI/RI reporting at slot n. This resource maybe collide with other UEs transmission. On the other hand, the RX UE maybe have reserved a resource on slot n for periodic broadcast traffic (which is not target to the transmitter only). If the UE can support to transmit two separate PSSCH at the same slot, that will cause power sharing between the PSSCH for data transmission and the PSSCH for feedback transmission, which will result in poor detection performance for both PSSCH channels. If not, RX UE has to drop one of these two PSSCH channels.
· If the transmission resource of feedback channel is determined by RX UE, the receiver can select a suitable resource for feedback transmission, such as by sensing. The transmission collision with other UEs can be avoided. Furthermore, RX UE can avoid selecting the same slot for PSSCH for data transmission and the PSSCH for feedback transmission. 
Proposal 4:  Transmission resource of PSSCH for CQI/RI reporting determined by RX UE is preferred. 
1.3 HARQ feedback for groupcast
Feedback for groupcast was discussed and a working assumption was achieved in RAN1 Ad-hoc #1901 meeting [3].
Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption

[bookmark: OLE_LINK2]Option 1 implies that the same feedback resource is shared among multiple UEs who want to transmit HARQ-NACK. This option is more suitable for connection-less groupcast in which case the transmitter may not know who and how many UEs are within the same group. One potential issue of this option is it cannot differentiate DTX from HARQ-ACK. A UE who cannot decode PSCCH correctly will not send HARQ-NACK and will be seen as HARQ-ACK. Considering the high reliability requirement (up to 99.999%) of NR-V2X, HARQ-NACK feedback only mechanism is hardly to fulfill the requirement since its performance is limited by PSCCH detection performance. Furthermore, if CBG-based HARQ feedback in introduced in NR-V2X, such mechanism cannot be applied for option 1. Two separate feedback mechanism for CBG-based and non-CBG-based cases are needed, which will cause additional specification effort. 
For option 2, each UE feedback HARQ ACK or NACK based on decoding status. This option is more suitable for connection-based groupcast in which case the transmitter can know who and how many UEs are within the same group. The data transmitter can know who has received data correctly, and determine whether to do retransmission, based on the feedback channel from all UEs. The data transmitter can determine that all UEs have received correctly only if it can receive ACK from all of them. The reliability can be promised in this case. 
Proposal 5: Confirm the following working assumption
When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
Proposal 6:
· For connection-based groupcast, option 2 is preferred. 
· For connection-less groupcast, option 1 is preferred.

In RAN1 #96 meeting, the following agreement for groupcast was achieved [2],
Agreements:
· For sidelink groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.
· Details to be discussed during WI phase, including whether the information on TX-RX distance is explicitly signaled or implicitly derived, whether/how this operation is related to resource allocation, accuracy of distance and/or RSRP, the aspects related to “and/or”, etc.
· This feature can be disabled/enabled

The motivation of TX/RX distance or RSRP based feedback is to restrict the UEs who need to do HARQ feedback within a certain communication range. RSRP can be as a metric for the communication range at physical layer.  Another proposal is to use zone ID as a metric for the communication range. While we don’t think zone ID based feedback mechanism can work well. There are two potential issues.
· According to the zone definition in [4], zone is a square area. It cannot match communication range well, which is a circle range.
· If zone ID is used to indicate the UEs within the same zone should do HARQ feedback, a UE which is in adjacent zone will not do HARQ feedback even it is very close to the transmitter. An illustration is shown below. 
One TX UE is in zone 4. If it indicate the zone ID to other UEs, only the UE within the same zone, i.e., UE1, will do HARQ feedback. UE2 and UE3 who are in adjacent zone will not do HARQ feedback even they are within the communication range of TX UE.



Figure 2 Illustration of zone ID based feedback

Proposal 7: RSRP based HARQ feedback for groupcast is preferred.

1.4 CSI acquisition for unicast
For unicast, if CSI of SL is available at TX UE, it is beneficial for the TX UE to adjust the transmission parameters. CSI can be estimated at RX UE based on CSI-RS and feedback to TX UE. Since both periodic and aperiodic traffic are supported in NR-V2X, it can also support periodic and aperiodic CSI reporting. 
Periodic CSI reporting is more suitable for periodic traffic, in which case, the CSI-RS can be periodic transmitted by combined with PSSCH. Aperiodic CSI reporting is more suitable for aperiodic traffic. Also, it can be used for event triggered reporting. 
Proposal 8: Both periodic and aperiodic CSI reporting are supported in NR-V2X.
According to the WID, CQI/RI reporting is supported and PMI reporting is not supported. For CQI reporting, we propose only single wideband CQI reporting, which corresponds to the whole PSSCH/CSI-RS bandwidth, is enough. There is no need for sub-channel based CQI reporting. 
Proposal 9: Wideband CQI reporting, instead of sub-channel based CQI reporting, is supported. 
1.5 CBG-based transmission in NR-V2X
In Rel-15 NR, CBG-based HARQ feedback and re-transmission was introduced to improve resource efficiency. This mechanism can also be applied in NR-V2X sidelink. According to the requirements for NR-V2X, the maximum payload size is about 10000 bytes. If TB-based feedback and re-transmission is applied, that will cause resource in-efficiency. If CBG-based re-transmission is applied, only the CBG which is not received correctly can be re-transmitted.
Proposal 10: CBG-based HARQ feedback and re-transmission is supported in NR-V2X.
Multiple antenna transmission
One of the objection of the NR-V2X WID is as follows [1]:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
……
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
……
According to the WID, no PMI reporting is supported. In this case, only open loop spatial multiplexing can be supported for multi-rank transmission. To support open loop multi-rank transmission, the following schemes which have been discussed in LTE Uu and NR Uu can be considered as starting point, such as large-delay CDD, pre-coder cycling. 
Proposal 11:  Open-loop spatial multiplexing is supported for PSSCH of unicast in NR-V2X. 
Transmission diversity scheme of PSCCH was studied in Rel-15 LTE-V2X and only transparent transmission scheme, i.e., small-delay CDD, was supported. The limitation to transparent transmission is that Rel-15 and Rel-14 UE can share the same resource pool. Rel-14 UE needs to decode Rel-15 UE’s PSCCH for sensing procedure so that non-transparent transmission scheme cannot be supported. In NR-V2X, there is no such limitation so that both transparent scheme, such as small-delay CDD and non-transmission scheme, such as SFBC, can be considered for PSCCH transmission. 
Proposal 12: Both transparent and non-transparent transmission diversity scheme can be supported in NR-V2X. Details are FFS.
Power control of NR-V2X
The following agreement was reached during RAN1-AH#1901 meeting regarding power control for unicast [3]:
Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed

Combined with the power control agreement reached during RAN1#96 meeting, when power control is enabled by (pre-)configuration for unicast, as discussed earlier in Section 2.1, SL-RSRP reports should be carried in PSSCH from the Rx-UE for the purpose of pathloss estimation at Tx-UE. In order for the Rx-UE to accurately measure SL-RSRP for the purpose of power control which is related to setting an appropriate level of PSSCH power, the SL-RSRP measurement should be based on PSSCH DMRS transmitted from the Tx-UE. In addition, SL-RSRP measurements should be L3 filtered whenever applicable (e.g. multiple PSSCHs received from the Tx-UE during a measurement/feedback period) for better accuracy.
The frequency of SL-RSRP measurement and reporting could be based on aperiodic triggering from the Tx-UE, similar to aperiodic CSI reporting for unicast. Once it is triggered, the Rx-UE performs SL-RSRP measurement within a measurement period (e.g. across multiple PSSCH DMRS transmissions from the Tx-UE) before feedback to the Tx-UE. Furthermore, there is no need to indicate Tx power used for PSSCH/DMRS from the Tx-UE. Rx-UE simply measures SL-RSRP and feedback the measurement value. It is for Tx-UE to estimate the pathloss between Tx and Rx UEs.
Proposal 13: It is proposed SL-RSRP measurement should be based on PSSCH DMRS transmitted from the Tx-UE and L3-filtered at the Rx-UE whenever applicable within a measurement period prior to reporting.
Proposal 14: Aperiodic SL-RSRP reporting from the Rx-UE in unicast based on triggering (same as aperiodic CSI reporting) is preferred.
Proposal 15: For the purpose of SL-RSRP measurement for unicast power control, there is no need to indicate Tx power used for PSSCH DMRS from the Tx-UE.
ID conveyed via PSCCH
It was agreed in RAN1 AH #1901 meeting that the layer-1 destination ID and source ID are conveyed via PSCCH. It needs FFS how to determine Layer-1 source/destination ID and the size of Layer-1 source/destination ID [3].
Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

· How to determine Layer-1 source and destination ID
According to the description of unicast/groupcast procedure in [5], the Layer-2 source and destination ID are generated at V2X layer and passed down to AS layer. The Layer-1 ID can be generated based on Layer-2 ID. For example, full or part of Layer-2 ID is used as Layer-1 ID. 
Proposal 16: Layer-1 source and destination ID are generated based on Layer-2 ID.
· The size of Layer-1 source and destination ID
In Rel-12 D2D, only partial of destination ID is included in SCI. Based on the partial destination ID in SCI, RX UE can know whether need to decode the PSSCH. While considering HARQ feedback is introduced in NR-V2X, the full Layer-1 destination ID should be included in SCI. if only part of Layer-1 destination ID is included in SCI, a UE, who has the same partial destination ID as the target receiver, will detect and PSSCH by mistake. Furthermore, if the PSSCH cannot be decoded correctly, it will generate NACK to the transmitter since the MAC layer cannot extract other information, such as the rest part of Layer-1 destination ID from PSSCH. That will cause mistake to the HARQ procedure. 
Similar issue applies to Layer-1 source ID. If only part of Layer-1 source ID is included in SCI, the receiver who can detect PSCCH correctly but not for PSSCH, it cannot obtain the full Layer-1 source ID. If the physical layer of RX UE delivers the data of PSSCH to higher layer for HARQ combining based on partial Layer-1 source ID, it is possible that the data of two different UE with the same partial Layer-1 source ID will be combined together which will cause decoding error. 
Proposal 17: Full Layer-1 source and destination ID should be included in SCI.
Conclusion
In this contribution, the physical layer procedures, such as feedback mechanism, multiple antenna transmission for PSCCH and PSSCH and power control, are discussed. The following proposals are given to summarize our views.
Observation 1: At least four kinds of information need to be fed back from RX UE to TX UE over sidelink for NR-V2X. 
· HARQ ACK/NACK
· SL-RSRP
· CQI
· RI
Proposal 1: PSSCH is used for CQI/RI/SL-RSRP report.
Proposal 2: Joint feedback of HARQ ACK/NACK and CQI/RI needs FFS.
Proposal 3: 
· The frequency staring position of PSFCH is aligned with the associated PSSCH
· The frequency length of PSFCH is (pre-) configured, and less than frequency length of the associated PSSCH.
Proposal 4:  Transmission resource of PSSCH for CQI/RI reporting determined by RX UE is preferred. 
Proposal 5: Confirm the following working assumption
When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
Proposal 6:
· For connection-based groupcast, option 2 is preferred. 
· For connection-less groupcast, option 1 is preferred.
Proposal 7: RSRP based HARQ feedback for groupcast is preferred.
Proposal 8: Both periodic and aperiodic CSI reporting are supported in NR-V2X.
Proposal 9: Wideband CQI reporting, instead of sub-channel based CQI reporting, is supported. 
Proposal 10: CBG-based HARQ feedback and re-transmission is supported in NR-V2X.
Proposal 11:  Open-loop spatial multiplexing is supported for PSSCH of unicast in NR-V2X. 
Proposal 12: Both transparent and non-transparent transmission diversity scheme can be supported in NR-V2X. Details are FFS.
Proposal 13: It is proposed SL-RSRP measurement should be based on PSSCH DMRS transmitted from the Tx-UE and L3-filtered at the Rx-UE whenever applicable within a measurement period prior to reporting.
Proposal 14: Aperiodic SL-RSRP reporting from the Rx-UE in unicast based on triggering (same as aperiodic CSI reporting) is preferred.
Proposal 15: For the purpose of SL-RSRP measurement for unicast power control, there is no need to indicate Tx power used for PSSCH DMRS from the Tx-UE.
Proposal 16: Layer-1 source and destination ID are generated based on Layer-2 ID.
Proposal 17: Full Layer-1 source and destination ID should be included in SCI.
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