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1. [bookmark: _Toc120549591]Introduction
In RAN1 AdHoc 1901 meeting, the following agreements are made for NR V2X HARQ feedback in mode 1:
Agreements:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS
In this contribution, we will further discuss the remaining issues for HARQ feedback for NR V2X in mode 1. This contribution is a revision of R1-1900405.
2. Sidelink HARQ feedback in mode 1
In NR sidelink mode 1, the gNB schedules the initial transmission resources and it is agreed in last RAN1 meeting that it is supported in mode 1 unicast, the in-coverage UE can send an indication to gNB to indicate the need for retransmission. This is more resource efficient as the retransmission resources and MCS can be appropriately determined. Generally, the following two options are considered for sending the indication to gNB:
[bookmark: _Hlk534299304]Option 1: The transmitter sends sidelink HARQ feedback information to gNB after it receives the SFCI from receiver:
As described in Fig. 1(a), in this option, receiver decodes the SCI/sidelink data and ACK/NACK is fed back to transmitter via sidelink resource. When transmitter receives the SFCI, it can send request to gNB to apply for sidelink resource for retransmission.
[bookmark: _Hlk534300013]Intuitively, the indication can be in form of HARQ ACK/NACK, SR or BSR. If SR is used to carry the indication, gNB would have no knowledge of how much resource the transmitter applies for and whether the resource is used for initial transmission/retransmission as well as the corresponding HARQ process since that SR cannot carry so much information. If BSR is used to carry the indication, the latency may be increased for that MAC decoding is needed for BSR. Therefore, it is beneficial for transmitter to directly forward the sidelink HARQ feedback to gNB for efficient scheduling. Transmitter could forward the sidelink HARQ feedback to gNB on resources assigned by sidelink grant explicitly or implicitly determined by resource for sidelink grant/SCI/sidelink data/SFCI. Particularly, considering uplink resource limitation on Uu interface in TDD, HARQ ACK/NACK multiplexing among multiple receivers and/or multiple HARQ processes should be supported.
[bookmark: _Hlk534299345]Option 2: Receiver directly sends an indication to gNB to indicate the need for retransmission:
As described in Fig. 1(b), in this option, receiver decodes the SCI/sidelink data and ACK/NACK is fed back to gNB via uplink resource. When gNB receives the HARQ feedback indication, it can deliver sidelink grant to transmitter to schedule the corresponding retransmission.
[bookmark: _Hlk534299867][bookmark: _Hlk536695873]Moreover, it is agreed that at least PUCCH is used to report the indication, and intuitively, it is simple and feasible to reuse the resource allocation mechanism for PUCCH containing downlink HARQ feedback in NR. That is, a set of PUCCH resources (including PUCCH resource ID and timing) are configured via higher layers by gNB and a specific PUCCH resource is selected dynamically according to the following options:
a) [bookmark: _Hlk534299919][bookmark: _Hlk536695889]The dynamic indication for a specific PUCCH resource can be sent by gNB via sidelink grant to transmitter and forwarded in SCI transmission to receiver by transmitter.
b) The dynamic indication for a specific PUCCH resource can be sent by gNB via sidelink grant to receiver.
c) The dynamic indication for a specific PUCCH resource can be implicitly determined by the resource for SCI/sidelink data.



    
              Option 1                                     Option 2
Figure 1: Sidelink HARQ feedback via Uu for Mode 1
Comparing the above two options, we can draw the following observations:
a) Reliability: HARQ ACK/NACK would be feedback by receiver via uplink resource if option 2 is used. Since sidelink resources are shared by vehicles simultaneously while uplink resource is usually granted and dedicated, hence the reliability of SFCI could be widely guaranteed. 
b) Latency: Compared to option 1, option 2 has only one procedure on sidelink. Therefore, the RTT is smaller in option 2.
c) Spectral efficiency: Considering half duplex limitation on sidelink, in option 1, transmitter could not send data when receiving SFCI. That means option 1 will cause sidelink spectral efficiency decreasing comparing to option 2.
d) Scenario: option 2 requires Uu connection of both transmitter and receiver which means it can only work in in-coverage scenario, while partial coverage is enough for option 1. 
e) Implementation: a drawback of option 2 is that transmitter and receiver should be controlled by the same gNB or by coordinated gNBs, i.e. when the transmitter and receiver are in coverage of different gNBs, a dynamic cooperation between gNBs is needed to support option 2. 
Taking all of the above aspects into consideration, we prefer that the both two options should be supported for different scenarios to achieve better performance. For instance, when transmitter and receiver are in coverage of the same gNB or coordinated gNBs, option 2 could be applied for lower latency, higher reliability and spectral efficiency. In this scenario, whether option 1 or option 2 is applied could be indicated by gNB. While in partial coverage scenario, option 1 can be used for simpler implementation.
Proposal 1: It should be supported that both transmitter and receiver could send an indication to gNB to indicate the need for retransmission in mode 1 unicast. Whether transmitter or receiver sends the indication depends on scenarios and gNB indications.
Proposal 2: If transmitter sends the indication to gNB, the indication is in the form of HARQ ACK/NACK. The uplink resource for reporting the indication could be determined according to sidelink grant explicitly or resource used for sidelink grant/SCI/sidelink data/SFCI implicitly.
Proposal 3: If receiver sends the indication to gNB, a set of PUCCH resources (including PUCCH resource ID and timing) are configured via higher layers by gNB and a specific PUCCH resource is selected dynamically according to the following options:
a)	The dynamic indication for a specific PUCCH resource can be sent by gNB via sidelink grant to transmitter and forwarded in SCI transmission to receiver by transmitter.
b)	The dynamic indication for a specific PUCCH resource can be sent by gNB via sidelink grant to receiver.
c)	The dynamic indication for a specific PUCCH resource can be implicitly determined by the resource for SCI/sidelink data.
3. Conclusions
In this contribution, the sidelink HARQ feedback is discussed, and the following proposals are made:
Proposal 1: It should be supported that both transmitter and receiver could send an indication to gNB to indicate the need for retransmission in mode 1 unicast. Whether transmitter or receiver sends the indication depends on scenarios and gNB indications.
Proposal 2: If transmitter sends the indication to gNB, the indication is in the form of HARQ ACK/NACK. The uplink resource for reporting the indication could be determined according to sidelink grant explicitly or resource used for sidelink grant/SCI/sidelink data/SFCI implicitly.
Proposal 3: If receiver sends the indication to gNB, a set of PUCCH resources (including PUCCH resource ID and timing) are configured via higher layers by gNB and a specific PUCCH resource is selected dynamically according to the following options:
a)	The dynamic indication for a specific PUCCH resource can be sent by gNB via sidelink grant to transmitter and forwarded in SCI transmission to receiver by transmitter.
b)	The dynamic indication for a specific PUCCH resource can be sent by gNB via sidelink grant to receiver.
c)	The dynamic indication for a specific PUCCH resource can be implicitly determined by the resource for SCI/sidelink data.
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