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1 Introduction
In the RAN1 Ad-Hoc meeting, the following agreements and working assumption were made for physical layer procedures for NR-V2X [1]. 

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

· New Data Indicator (NDI)

· Redundancy Version (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)

Agreements:

· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 

· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)

· FFS for mode 1

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 particularly relevant to confirm (or not) the working assumption

Agreements:

· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.

· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback

In this contribution, we mainly discuss remaining FFS points on HARQ operation in the sidelink.
2 Discussion
2.1
Necessary information in physical layer
In the previous meeting, the information that can be included in the SCI was agreed. Further study is necessary on whether some of the information may not be present in some operations. In our view, the necessary information should be differentiated depending on the operation. Some information may not be transmitted. For example, when broadcast communication is operated, layer-1 destination ID is not necessary. The other example is that if synchronous HARQ is supported, the HARQ process ID is not necessary. To support such operation, it is necessary to support omitting some information from the SCI format rather than having multiple SCI formats. 

Proposal 1: Support omitting information from SCI format depending on sidelink operation.
2.2
Sidelink HARQ feedback procedure
HARQ operation for groupcast communication
In the previous meeting, two HARQ options were agreed for groupcast communication as shown below. 
· Option 1: Receiver UE transmits only HARQ NACK

· Option 2: Receiver UE transmits HARQ ACK/NACK

Option 1 is HARQ based on NACK transmission from receiver UEs. This operation is beneficial in terms of overhead reduction in the sidelink since only UEs who fail decoding data transmit NACK. However, the DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH) is a big concern. Due to the HD constraint at the receiver side, sometimes the receiver UE cannot detect transmission operation at the transmitter UE. Also, in such a case, the transmitter will not receive any NACK packet. Therefore, the transmitter UE erroneously determines that packet transmission succeeded. Such mismatch will lead to unreliable communication.
On the other hand, option 2 is beneficial in terms of communication reliability since the transmitter UE can recognize both UEs that successfully decode data and UEs who does not successfully decode. However, feedback overhead is a concern. One of the candidate solutions would be ACK/NACK transmission muting where some receiver UEs mute transmission of ACK/NACK. If receiver UEs are in a similar location, it may be sufficient that only one representative UE reports feedback to the transmitter. Further study is necessary on the mechanisms of reducing overhead in option 2.
Based on the above considerations, each option has both pros and cons. It is desired to use both options based on the sidelink communication status. For example, if the number of receiver UEs is not determined, only option 1 is applicable. Similarly, when the number of receiver UEs is large, option 1 is better from an overhead point of view. On the other hand, when reliable communication is required, option 2 is more beneficial. Therefore, these options should be used based on the groupcast communication status. 
Proposal 2: Confirm working assumption. When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
PSFCH resource allocation
First of all, it is necessary to decide which node decides/schedules the resource for HARQ feedback and what resource can be used. Two options shown as below are considered.
Option A: PSFCH resources are allocated by those nodes that allocate resources for PSCCH/PSSCH transmission.
In case of resource allocation mode-1, it is natural to consider that the base station schedules the HARQ resource. In case of resource allocation mode-2, the transmitter UE allocates HARQ feedback resources and provides them to the receiver UEs. Receiver UEs just use these resources for HARQ feedback transmission. Receiver UEs may not need to do sensing. Such operation is beneficial in terms of feedback UE identification. Since the transmitter UE already knows the PSFCH resource location, the transmitter UE only needs to monitor those resources for the purpose of reception of feedback information. However, it is required to mitigate resource overlapping at receiver UEs due to the HD constraint. One potential solution is that the transmitter UE prepares multiple PSFCH resources for receiver UEs. Each receiver UE can choose one of the PSFCH resources for the feedback transmission. 
Option B:
PSFCH resources are allocated by those nodes that receive PSCCH/PSSCH transmission.
In this case, the receiver UE allocates resources for PSFCH transmission. The transmitter UE does not know which resource is used by the receiver UE for PSFCH transmission. Prior information exchange is necessary between the transmitter UE and receiver UE so that the transmitter UE can identify potential PSFCH transmission resources.

Based on the discussion above, we think option A is preferred.
Proposal 3:
PSFCH resources should be allocated by those nodes that allocate resources for PSCCH/PSSCH transmission
Time/frequency relationship between PSSCH and the associated PSFCH
For the time relationship between PSSCH and the associated PSFCH, it was agreed that this is not signalled via SCI at least for mode 2 operation. That means the time gap is configured by RRC or pre-configuration. Similarly for the frequency relationship between PSSCH and the associated PSFCH, dynamic gap configuration may not be necessary. Therefore, RRC or pre-configuration can also be applied for the frequency domain relationship. This operation can be applicable for both unicast and groupcast communication. 

Proposal 4:
For mode 2 operation, support that the frequency gap between PSSCH and the associated PSFCH is not signaled via PSCCH.
When groupcast communication is used, the time/frequency relationship between PSSCH and the associated PSFCH is the same among receiver vehicles in the group. In this case, feedback signalling multiplexing in PSFCH should be further studied for ACK/NACK based HARQ. When time/frequency domain multiplexing is supported in PSFCH among receiver vehicles in the group, a mechanism to support orthogonal resource allocation in PSFCH additionally needs to be introduced. 

Proposal 5:
For groupcast communication, a mechanism to support orthogonal resource allocation in PSFCH resources needs to be introduced.
For mode 1 operation, a flexible relationship between PSSCH and the associated PSFCH is more beneficial since gNB can manage resources in the sidelink. To achieve more efficient resource utilization, it is beneficial to support that the time gap between PSSCH and the associated PSFCH is signaled via PSCCH. For the sake of overhead reduction, the frequency gap can be configured by RRC or pre-configuration.
Proposal 6:
In mode 1 operation, for determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is signaled via PSCCH.
Half-duplex mitigation
For HARQ operation in the unicast case, the HD constraint will become a more severe issue than for LTE-V2X broadcast communication. For data transmission, it is assumed that the transmitter UE continuously sends large packets to the receiver UE. It will occupy the channel during extended time periods at the receiver UE. The transmitter UE needs to take receiver UE transmission requirements into account so that the receiver UE can also transmit its own data for other UEs. 
For HARQ feedback transmission, in the case that the transmitter UE allocates PSFCH resources for the receiver UE, the transmitter UE should allocate proper resources that receiver UE can use. Here, “proper resource” means the resources that the receiver UE can use for transmission without HD constraint. If the receiver UE has data to transmit in the same time resources that transmitter provides for PSFCH transmission, the receiver may not be able to transmit feedback information to the transmitter UE due to the HD constraint. 
To solve such an HD constraint issue, one potential solution is to share the receiver UE transmission status information with the transmitter UE. If the transmitter UE knows the transmission pattern/schedule of the receiver UE, the transmitter UE can properly select resources for data and feedback transmission.

Proposal 7:
HD mitigation mechanisms should be introduced at least for unicast HARQ feedback communication.

2.3
HARQ enablement
In LTE-V2X, HARQ was not supported because broadcast communication is assumed. On the other hand, retransmission was supported to improve communication reliability and mitigate HD issues. In NR-V2X, HARQ is supported since unicast and groupcast are assumed in NR-V2X. HARQ provides efficient communication and improves spectrum efficiency compared to non-HARQ retransmission. 

HARQ operation should be enabled according to the communication environment. HARQ enablement should take both transmission traffic types and congestion of sidelink bandwidth into account. For example, if the target requirements of transmission traffic are not stringent, HARQ can be enabled to avoid congestion in the bandwidth. Also, if the sidelink is congested, it would be better not to use the maximum number of retransmissions due to overhead concerns. In such a case, for the purpose of congestion improvement, HARQ operation can be enabled. 
Proposal 8:
When (pre-)configuration enables SL HARQ feedback, additional conditions are introduced, e.g., depending on traffic types and/or CBR status.
3 Summary
In this contribution, the following proposals are made:
Proposal 1: Support omitting information from SCI format depending on sidelink operation.

Proposal 2: Confirm working assumption. When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
Proposal 3:
PSFCH resources should be allocated by those nodes that allocate resources for PSCCH/PSSCH transmission
Proposal 4:
For mode 2 operation, support that the frequency gap between PSSCH and the associated PSFCH is not signaled via PSCCH.
Proposal 5:
For groupcast communication, mechanism to support orthogonal resource allocation in PSFCH resources needs to be introduced.
Proposal 6:
In mode 1 operation, for determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is signaled via PSCCH.
Proposal 7:
HD mitigation mechanisms should be introduced at least for unicast HARQ feedback communication.

Proposal 8:
When (pre-)configuration enables SL HARQ feedback, additional condition is introduced, e.g., depending on traffic types and/or CBR status.
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