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Introduction
In the RAN#83 plenary meeting, the WID for Rel-16 NR V2X has been approved [1]. According to the WID, one of the objectives is to specify solutions for physical layer procedures.
· 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 share further considerations on some design aspects of physical layer procedures. More details on NR Uu related and NR sidelink related aspects are provided for discussion.

[bookmark: _Ref228947482]Discussion
NR Uu link aspects
Resource allocation
For HARQ operation for e.g. sidelink unicast/groupcast transmission, it has been agreed by RAN1 that sidelink HARQ feedback and HARQ combining in the physical layer are supported and Layer-1 destination ID is conveyed via PSCCH. One issue to be further considered is whether the DCI with sidelink grant should also indicate the destination UE/UE group of the scheduled resource in Mode 1. 
In our understanding, the destination UE/UE group of the scheduled resource should be indicated to the transmitter UE for identifying the destination UE/UE group, as the transmitter UE may have more than one sidelink unicast/groupcast transmissions in parallel towards different destination UEs/UE groups and the HARQ process IDs can be reused among these sidelink transmissions. Thus in the transmitter UE, for a HARQ process, there will be ambiguity which destination UE the scheduled resource is for if the destination UE/UE group is not indicated in the DCI. 
[bookmark: _GoBack]For example, in Figure 1, UE1 operating in Mode 1 has two sidelink transmissions to UE2 and UE3 respectively with HARQ operation. In DCI with sidelink grant, the gNB may indicate resource allocation parameters for sidelink transmissions. If the destination UE/UE group of the scheduled resource is not indicated in the DCI, UE1 will be uncertain whether the resource scheduled by the gNB is intended for an initial transmission on HARQ process x to UE2 or a retransmission on HARQ process x to UE3. UE1 may misuse the resource intended for retransmission to UE3 to transmit an initial transmission to UE2, which is an undesirable behavior and might impact the reliability of sidelink transmissions to UE3. 


Figure 1 An example for Mode 1 resource allocation
Proposal 1: For Mode 1, the DCI with sidelink grant should indicate the destination UE/UE group of the scheduled resource.

SR/BSR indicating the need for retransmission
In RAN1#96 meeting, the following agreements on retransmission in mode 1 for unicast and groupcast are made: 
Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
Agreements:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.

From the agreements and the FFS point, the indication of the need for retransmission of a TB transmitted by the transmitter UE to the gNB can be in the form of SR/BSR. In the following two cases, the SR/BSR trigger and SR/BSR indication for sidelink retransmission are discussed. 
· Case 1: gNB does not know/care whether UE’s request/indication (SR/BSR) is for new data transmission or retransmission, and gNB just allocates sidelink resource.
In this case, a new sidelink SR/BSR trigger by sidelink retransmission might be required. That is to say, NACK or need for retransmission of a TB may also trigger a sidelink SR or a sidelink BSR in the transmitter UE’s MAC layer. The details can be discussed in RAN2. 
Since gNB is not aware of the intention of the sidelink SR/BSR (for new data transmission or retransmission), it is up to transmitter UE to determine whether the allocated sidelink resource by the gNB is to be used for new data transmission or retransmission of a TB. 
· Case 2: gNB allocates sidelink resources for adaptive retransmission
In this case, besides the new trigger of sidelink SR/BSR by sidelink retransmission as mentioned in Case 1, sidelink SR or BSR can also indicate the specific information for the TB to be retransmitted, e.g. the HARQ process ID and/or Destination ID associated with the TB. By this way, the gNB can identify the TB to be retransmitted and allocate adaptive sidelink resources for the retransmission. Again, the details for sidelink SR/BSR trigger and indication can be discussed in RAN2. 
Therefore, in both of the above cases, sidelink SR/BSR should be enhanced to indicate the need for retransmission in sidelink. 
Proposal 2: Sidelink SR/BSR enhancements to indicate the need for retransmission of a TB should be supported. 
Since SR/BSR trigger and SR configurations/BSR MAC CE format for sidelink retransmission are within RAN2 scope, the details of sidelink SR/BSR enhancements could be decided by RAN2. 

Sidelink PHR
Currently in NR UL, PHR is used to provide power headroom information in the UE to the gNB. From the reported PHR, the gNB can derive the UE’s transmission power and uplink pathloss, control the UE transmission power and perform link adaptation to allocate MCS and PRBs to the UE. 
In the new NR-V2X WI, power control and link adaption in sidelink will be specified for Mode 1. For the similar reason as in uplink, sidelink related PHR, which can provide power headroom information on sidelink PSSCH/PSCCH/PSFCH transmissions in dedicated carriers or shared carriers, may also be useful for the gNB’s Mode 1 scheduling. So RAN1 is suggested to discuss the benefit to introduce sidelink PHR for Mode 1. 
Proposal 3: The benefit of sidelink PHR for Mode 1 can be further studied. 

NR sidelink aspects
[bookmark: OLE_LINK43]HARQ procedure
In NR V2X Mode 2, UEs can be out-of-coverage and thus HARQ-ACK will be transmitted to the source UE. It has been agreed to define a new physical channel PSFCH to carry HARQ-ACK. It can be considered to also use other physical channels to convey HARQ-ACK. At least HARQ-ACK piggyback on PSSCH can be supported. Then once HARQ-ACK and data need to be transmitted to a same UE in a slot, both of them can be transmitted through PSSCH. 
Proposal 4: As for conveying HARQ-ACK, at least HARQ-ACK piggyback on PSSCH can be supported.

In RAN1#96 meeting, the following agreements have been agreed for determining the HARQ-ACK resources.
Agreements:
(Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

According to the agreements, the fixed HARQ timing is at least supported for both Mode 1 and Mode 2. In addition to HARQ-ACK timing, the determination of PSFCH resources also includes the frequency domain. For HARQ-ACK transmission via sidelink, it can be also considered to allow a UE to autonomously select HARQ-ACK resources. In NR V2X Mode 2, a major characteristic is that a UE autonomously selects resources for sidelink transmission. More specifically, when a UE has PSCCH and/or PSSCH to transmit, sensing including SCI decoding and/or sidelink measurements can be used to avoid colliding and/or interfering with other concurrent sidelink transmissions. To achieve a similar benefit on collision/interference avoidance, if a UE needs to transmit HARQ-ACK, it can be also possible for the UE to autonomously select resources for HARQ-ACK transmission. When a HARQ-ACK-transmitting UE autonomously determines HARQ-ACK resources, the corresponding HARQ-ACK-receiving UE needs to blind detect HARQ-ACK bits. 
In LTE V2X, the autonomous resource selection for PSCCH/PSSCH transmission is only based on the sensing results of the transmitting UE even if the interference environments of the transmitting and receiving UEs could be different. This is because the transmission is broadcast and thus it is difficult or unnecessary to take the surrounding environment of each receiving UE into account. However, HARQ-ACK feedback in NR V2X is a transmission towards one UE and thus it is basically in a manner of unicast. In this case, the LTE-V2X resource selection can be improved by also taking the receiving UE into account. It can be beneficial if the resource selection is based on the sensing results of both transmitting and receiving UEs. For example, the data-transmitting UE can indicate some preferred resources to the data-receiving UE. This will provide the data-receiving UE a freedom to select HARQ-ACK resources by taking the indicated resources into consideration.
Proposal 5: It can be considered to let a UE autonomously select resources to transmit HARQ-ACK.

When conveying HARQ-ACK via PSFCH, whether to also convey source ID and/or destination ID in PSFCH can be further considered. If a UE can have multiple unicast sessions, the UE may transmit HARQ-ACK to or receive HARQ-ACK from multiple UEs. In this case, a UE may need to be able to identify which HARQ-ACK is transmitted to himself and which UE the received HARQ-ACK comes from. The ability to distinguish HARQ-ACK is required especially when overlapped HARQ-ACK resources are scheduled due to independent HARQ scheduling of different unicast UE-pairs. In the RAN1#AH 1901 meeting, it has been agreed to include Layer-1 destination ID and Layer-1 source ID in SCI. For HARQ-ACK transmission, it can also be considered to associate source and/or destination ID with HARQ-ACK. How to convey these IDs via PSFCH may be related to the SFCI format design and thus can be further studied.
Proposal 6: It can be considered to support conveying source ID and/or destination ID in PSFCH. 

CSI acquisition
In RAN#83, the WID for NR V2X has been agreed. According to the WID, one of the objectives is to study CSI acquisition for unicast. 
· 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.

Based on the WID, CSI will be conveyed by PSSCH. For the sake of unified design, CSI reporting better uses the same framework as that of regular data transmission. That is, PSSCH conveying CSI is always scheduled by PSCCH (SCI). The SCI can notify the UE to receive CSI, and also indicate the resource allocation of PSSCH. 
Proposal 7: PSSCH is always scheduled by SCI even when delivering CSI via PSSCH.

Under different circumstances, PSSCH can contain: 
· Data only, or
· CSI only, or
· Data and CSI.
PSSCH was defined for conveying data from the beginning. Naturally, a UE will only transmit sidelink data via PSSCH. When there is a need for CSI report, the UE can only transmit CSI via PSSCH and thus does not have to wait for data arrival to use PSSCH. For a UE performing CSI report, when the UE happens to have data to transmit, it can transmit CSI together with data, i.e., using CSI piggyback on PSSCH. For different use cases, PSSCH can convey different types of information. Depending on whether CSI is carried on PSSCH or not, procedures for RE mapping and channel coding will be different. Misinterpretation at the receiving UE side can easily lead to decoding failure. To avoid any ambiguity, it would be necessary to let the receiving UE know which information is actually conveyed by PSSCH. Then the UE can perform de-mapping and decoding without any misunderstanding. For example, it can be considered to use SCI to indicate which information is contained in PSSCH.
Proposal 8: PSSCH can contain data only, or CSI only, or data and CSI. Therefore, it can be considered to use SCI associated with PSSCH to indicate which information is actually contained in PSSCH.

Conclusions
In this contribution, we share views on some design aspects of physical layer procedures for NR V2X. The proposals are highlighted as follows.
Proposal 1: For Mode 1, the DCI with sidelink grant should indicate the destination UE/UE group of the scheduled resource.
Proposal 2: Sidelink SR/BSR enhancements to indicate the need for retransmission of a TB should be supported. 
Proposal 3: The benefit of sidelink PHR for Mode 1 can be further studied. 
Proposal 4: As for conveying HARQ-ACK, at least HARQ-ACK piggyback on PSSCH can be supported.
Proposal 5: It can be considered to let a UE autonomously select resources to transmit HARQ-ACK.
Proposal 6: It can be considered to support conveying source ID and/or destination ID in PSFCH. 
Proposal 7: PSSCH is always scheduled by SCI even when delivering CSI via PSSCH.
Proposal 8: PSSCH can contain data only, or CSI only, or data and CSI. Therefore, it can be considered to use SCI associated with PSSCH to indicate which information is actually contained in PSSCH.
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