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Introduction
[bookmark: _Hlk521660119]Steady progress has been made in the last RAN1 meeting on the V2X sidelink physical layer procedures, under the SID “Study on NR V2X” (FS_NR_V2X) [1]. The latest agreements covers these topics [2]:
1. HARQ feedback, especially HARQ for group cast,
2. PSFCH to carry SFCI for unicast and groupcast,
3. Support of UE’s message transmission to gNB for sidelink retransmission in model 1.
The agreements in RAN1 #95 are listed here for reference [2].
One agreement defines the HARQ ACK/NACK messages:
	Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG



To support SL HARQ feedback for groupcast, two options are agreed for further study.
	Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded




It is also agreed that the SL HARQ can be turned off when necessary:
	Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.



The feedback channel that could carry HARQ ACK/NACK information is defined:
	Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.




RAN1 also agreed to further study the message exchange between UE and gNB for possible sidelink retransmission under mode-1, where gNB network coverage is available. 
	Agreements:
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use




This contribution provides further discussion regarding the details of HARQ operation and other physical layer procedures to support sidelink operation.


Discussion on sidelink physical layer procedures

Sidelink HARQ feedback and combination
The most common V2X use cases, such as vehicle platooning, as suggested in SA1, are related to groupcast or broadcast. For groupcast, the UEs in the group need to be aware the presence of their group peers before data transmission. The physical channels among these UEs in the group usually have different quality which makes reliable group communication challenging. 
Re-transmission is a simple approach to boost transmission reliability at the expense of latency. It is agreed that HARQ feedback and HARQ combining will be supported for both unicast and groupcast sidelink. Different from unicast, the HARQ scheme of groupcast needs to receive all ACK information from more than one group members. Once the UE receives all ACK feedback information, it can determine its retransmission scheme to enable its reliable groupcast transmission.
A simple criterion for groupcast HARQ is to target the worst channel among all links in the group. This indicates that the source UE will continue retransmitting until it receives all positive ACK from all its peers in the group. The poorest link quality in the group shall determine the latency and efficiency of the HARQ. Of course, other retransmission criterion can also be applied. Alternative scheme is that the groupcast transmission is complete when ACK(s) are received from majority (not all) of its group members.
Different from HARQ of unicast, the efficiency of groupcast HARQ will depend on the number of communication links in the group. Higher number of UEs in the group, which will have higher number of communication links, usually will result in lower efficiency for HARQ. It is desirable to have an efficient HARQ design to support groupcasting communication.
Unicast will support HARQ feedback. It would be natural to have a general HARQ procedure to support both unicast and groupcast, where the HARQ can be configured to support feedback from more than one UEs. We propose:
Proposal 1: Design one general HARQ feedback procedure to support both sidelink unicast and groupcast.
Multiple HARQ feedback schemes could be proposed to support groupcast. For example, the source UE can continue its retransmission until it receives all ACK(s) or majority of ACK(s). How to evaluate the performance of various HARQ schemes so that a specific design can be selected? Usually the maximum number of retransmission is preconfigured. The evaluation performance shall be depended on the HARQ resource usage rate at various SNR, where the resource usage rate is defined as the ratio between actually used resource and the allocated reTx resource. When the SNR is high, there will be a few retransmission, indicating a very low resource usage rate. The HARQ resource usage rate will be high at the lower SNR where close to maximum HARQ retransmission is needed. 
Proposal 2: Using HARQ resource usage rate performance at various SNR to evaluate HARQ feedback performance for groupcast.
RAN1 has agreed to define SFCI (sidelink feedback control information) as the payload to contain HARQ feedback information in PSFCH. However, the detailed design of PSFCH to hold SFCI is still open. The timing of the feedback channel should be at a fixed delay slot from the transmit slot, aka, synchronized PSFCH. This could be easier for the source UE to collect all feedback information from group members for groupcast. 
Proposal 3: Support synchronized PSFCH with a fixed timing.
RAN1 #95 meeting has agreed to further study two options for SL groupcast HARQ operation:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise.
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
[bookmark: _GoBack]The benefit of Option 1 is the reduction of potential ACK feedback when all group members have relative good sidelink channel condition, compared to Option 2. However, the critical issue of Option 1, as indicated in the agreement, is the DTX issue. With this approach, Tx UE won’t be able to distinguish an ACK and a DTX from a receiving UE. It would likely to treat all DTX as ACK, where the receiving side won’t be able to detect SL transmission at all. This could cause significant reliability issue for overall HARQ operation, where HARQ is supposed to boost sidelink reliability via retransmission. With this consideration, we would support Option 2 for SL groupcast.
Proposal 4: Support Option 2 for SL groupcast HARQ: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.

Power control and link adaptation
Groupcast (e.g. groupcast in a platoon) happens among UEs close to each other. Thus different from broadcast, transmitting at maximum power will not be required for groupcast. Power control is necessary which can reduce interference to vehicular UEs outside the group. Similarly, link adaptation is also necessary and beneficial if the transmitter can select the optimal modulation order and coding rate (MCS) based on the channel qualities (CQI) towards the intended receivers. 
Power control and link adaptation could in principle make use of channel reciprocity without explicit feedback; however, they could also benefit from feedback mechanisms. For groupcast, not every receiver needs to feedback CQI.  The transmitter can advise only the receiver (or a few receivers) with worst channel qualities to feedback CQIs, which will save resources for feedback. 
Proposal 5: For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback CQIs for power control and link adaptation.  

Transport of sidelink control information via Uu to gNB
RAN1 #95 meeting reached the agreement to further study these possible information that UE sends to gNB for possible scheduling retransmission under mode 1:
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use
Under mode 1 where network coverage is available, it could be beneficial if the UEs provide their HARQ ACK/NAK feedback to the gNB via Uu instead of directly to each other via the sidelink; the gNB then learns directly if it needs to schedule HARQ retransmissions. Moreover, since the UEs in this scenario do not need to exchange HARQ ACK/NAK feedback over the sidelink, they will not suffer the impact of half-duplex constraint that they would incur if they had to perform HARQ ACK/NAK transmission over sidelink. 
On the other hand, if one of the UEs is outside network coverage then it cannot convey its feedback over Uu; and if the UEs are served by different gNBs then transport of feedback over Uu will become more complex.
Proposal 6: Consider transport of sidelink control/feedback information via Uu.

Usage of ID in physical layer
There is some basic difference between the sidelink unicast/groupcast and the counterparts in cellular Uu. The main difference is that in Uu unicast/groupcast, the receiver can only decode the associated PDCCH that is targeted to it (i.e. by matching the CRC with its own RNTI) and cannot decode other users' control channel. While in sidelink, due to the potential need for channel sensing, receivers shall be capable to decode any PSCCH, irrespective of unicast, groupcast or broadcast transmissions. To this end, for PSCCH (at least the PSCCH format with resource allocation information if used) of unicast, groupcast or broadcast, its DMRS shall be well-known e.g. randomly selected from predefined sequence set as done in LTE V2X and the destination ID (or part of it) could be included in the SCI message (as done in R12/13 D2D). The DMRS of PSSCH could be determined by some function of destination ID.
The partial inclusion of destination ID in the PSCCH may lead to ID collision issue at physical layer, though the probability of this ID collision may be quite small. The ID collision at physical layer seems not a very serious issue, since the probability that two-proximate vehicle UEs casually have same physical layer ID and at the same time they select the same or overlapped resources (which may lead to serious collision interference) shall be sufficiently small. Additionally, if there are collisions with the physical layer ID, MAC layer could treat this issue with knowledge of complete destination ID by dropping the received packets that does not target to it (i.e. same PHY ID but different whole destination ID).

Proposal 7: The PSCCH of unicast/groupcast/broadcast shall be decodable for potential usage in sensing procedure. Destination ID could be partially included in sidelink control message to enable packet filtering at physical layer.

Multi-antenna transmission scheme
Some CSI feedback information to support MIMO operations was discussed in the last meeting. It is still open whether V2X sidelink supports open-loop and/or closed-loop MIMO, given that MIMO is very well defined in Rel-15 NR.
Open-loop MIMO schemes such as diversity-based schemes, such as STBC/SFBC, precoding cycling, delay diversity, could be applied at least for PSCCH channel to boost transmission reliability and coverage. 
Proposal 8: Study open-loop MIMO schemes at least for PSCCH.
Closed-loop MIMO schemes, such as codebook based precoding schemes, can provide significant precoding gain for sidelink transmission. These schemes can also mitigate undesirable interference to other UEs that not in their dominant spatial transmission direction. Since closed-loop MIMO needs feedback, it would be very complicated to support groupcast transmission but we can focus on unicast.
Proposal 9: Study to support closed-loop MIMO transmission for unicast PSSCH.

Conclusions
In this contribution we discussed various physical layer procedures to support sidelink. These are our proposals:
Proposal 1: Design one general HARQ feedback procedure to support both sidelink unicast and groupcast.
Proposal 2: Using HARQ resource usage rate performance at various SNR to evaluate HARQ feedback performance for groupcast.
Proposal 3: Support synchronized PSFCH with a fixed timing.
Proposal 4: Support Option 2 for SL groupcast HARQ: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
Proposal 5: For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback CQIs for power control and link adaptation.  
Proposal 6: Consider transport of sidelink control/feedback information via Uu.
Proposal 7: The PSCCH of unicast/groupcast/broadcast shall be decodable for potential usage in sensing procedure. Destination ID could be partially included in sidelink control message to enable packet filtering at physical layer.
Proposal 8: Study open-loop MIMO schemes at least for PSCCH.
Proposal 9: Study to support closed-loop MIMO transmission for unicast PSSCH.
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