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1. [bookmark: _Toc120549591]Introduction
[bookmark: _GoBack]At last RAN1 #95 meeting, agreements about NR V2X HARQ feedback were agreed as the following [1], 
Agreements:
Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
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

In this contribution, the resource allocation of PSFCH in V2X mode 2 and SFCI feedback for V2X mode 1 will be further discussed. 
2. Resource allocation of PSFCH in mode 2
In this section, the resource allocation of PSFCH in V2X mode 2 will be discussed.
In last meeting, the PSFCH was agreed as the physical channel for transmitting SFCI. In NR Uu, five different PUCCH formats are defined which can be adapted to different UCI payload sizes such as SR and 1 or 2 bits HARQ-ACK can be transmitted in PUCCH format 0 or 1 and CSI can be transmitted in PUCCH format 2 or 3 or 4. In addition, the design of short PUCCH and long PUCCH can also be adapted to different UCI feedback delay requirements.
In NR V2X sidelink, the flexibility of resource allocation of PSFCH similar to NR Uu can also be supported. For example, considering the different resource allocation ratio between PSCCH/PSSCH and PSFCH, one PSFCH may convey multiple HARQ-ACK bits which corresponds to multiple PSSCH. In addition, some CSI information such as RSRP/RSRQ and CQI can be supported in NR sidelink especially in mode 2(b) to assist sidelink resource selection, which can be conveyed in SFCI as well. Furthermore, UE may feedback HARQ-ACK and CSI information simultaneously and HARQ-ACK and CSI information should be multiplexed in one channel to reduce the resource overhead as well.
Therefore, because that one SFCI may contain different payload sizes, different PSFCH formats should also be supported. Which PSFCH format and even whether PSSCH will be used to carry SFCI depends on the payload size. For example, if number of bits of SFCI is small to convey HARQ-ACK information, e.g. ≤2, an OCC based PSFCH format could be considered, which is similar to PUCCH format 1. If number of bits of SFCI is medium to convey CSI information or multiplex HARQ-ACK and CSI, e.g. 3~40, PSFCH format similar to PSCCH could be reused. If number of bits of SFCI is large, e.g. >40, SFCI can be piggybacked on PSSCH.
Proposal 1: Different PSFCH formats could be supported to convey different payload sizes of SFCI.
Another issue is the PSFCH resource determination for receiver UE to transmit SFCI. In LTE Uu or NR Uu, the PUCCH resource is indicated by first CCE of PDCCH or by DCI directly and the PUCCH resource sets are configured by higher layer. In NR sidelink, the determination of PSFCH resource for receiver UE can be further studied on the following options:
Option 1: Determined by PSCCH/PSSCH resource of transmitter UE and/or indicated by SCI
In this method, the PSFCH resource is implicitly indicated by PSCCH/PSSCH resource and/or explicitly indicated in SCI. For implicit indication, the resource association between PSFCH resource and PSCCH or PSSCH resource is configured by RRC signalling or pre-configured. That is to say, there is certain one to one mapping between PSFCH resource and PSCCH or PSSCH resource which receiver UE can determine the PSFCH resource according to the transmitter PSCCH or PSSCH resource without any signalling. In another way, multiple PSFCH resources could be configured by RRC signalling and the PSFCH resource can be further indicated in SCI directly which is similar to NR Uu.
Option 2: Receiver UE autonomously selects PSFCH resource
In this method, the PSFCH resource is autonomously selected by receiver UE similar to Mode 2 sidelink resource allocation. That is the resource determination method of SL-SCH data transmission and SFCI feedback is the same in Mode 2, which the same resource sensing procedure could be reused for both PSCCH/PSSCH and PSFCH.
Option 3: Combination of Option 1 and Option 2
In option 1, the PSFCH resource is certain according to the transmitter PSCCH or PSSCH resource or SCI. One problem is that the PSFCH resource may be conflicted especially for the method of indicated by SCI, because there is no interactive information between different transmitter UEs. In addition, without the RRC configured of multiple PSFCH resources, e.g. in case of out-of-coverage, the flexibility of option 1 will be limited. In option 2, receiver UE autonomously selects the PSFCH resource with large resource selection flexibility. However, transmitter UE should detect all the possible PSFCH resource to receive the SFCI information and the detection complexity is a possible issue. Therefore, a combination of option 1 and option 2 can be used, which means a number of candidate PSFCH resources can be indicated by transmitter resource or SCI and receiver UE can autonomously select one resource from the candidates. The combination of option 1 and option 2 can increase the flexibility of PSFCH resource determination and reduce the detection overhead for transmitter UE.
Proposal 2: The determination of PSFCH resource for receiver UE to feedback SFCI and be further studied as the following options:
· Option 1: Determined by PSCCH/PSSCH resource of transmitter UE or indicated by SCI.
· Option 2: Receiver UE autonomously selects PSFCH resource.
· Option 3: Combination of Option 1 and Option 2.
3. Sidelink HARQ feedback for mode 1
Sidelink feedback control information (SFCI) is defined to increase sidelink spectral efficiency. It is agreed to study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1 in last meeting. In this section, we focus on sidelink HARQ feedback for NR V2X resource allocation Mode 1 and generally the following three options are taken into consideration.
[bookmark: _Hlk534299304]Option 1: gNB schedules transmitter and SFCI is feedback by receiver to gNB
In this option, receiver decodes the SCI/sidelink data and ACK/NACK/DTX is feedback to gNB via uplink resource. When gNB receives the sidelink feedback control information, it can deliver sidelink grant to transmitter to schedule the corresponding retransmission.
[bookmark: _Hlk534299867]Specifically, the uplink resource allocation for SFCI can be determined explicitly or implicitly:
a) [bookmark: _Hlk534299919]The resource allocation for SFCI can be sent by gNB via sidelink grant to transmitter and forwarded in SCI transmission to receiver by transmitter.
b) The resource allocation for SFCI can be sent by gNB via sidelink grant to receiver.
c) The resource allocation for SFCI can be implicitly determined by the resource for SCI/sidelink data.
[bookmark: _Hlk534299316]Option 2: gNB schedules receiver and SFCI is feedback by receiver to gNB
In this option, sidelink works in a mode like mode-2(d), which means transmitter UE is scheduled by receiver UE in sidelink. Hereby, gNB sends sidelink grant to receiver and receiver UE forwards SCI to transmitter according the sidelink grant. Receiver decodes the sidelink data and ACK/NACK/DTX is feedback to gNB via uplink resource. When gNB receives the sidelink feedback control information, it can deliver sidelink grant to receiver to schedule the corresponding retransmission.
[bookmark: _Hlk534299345]Option 3: gNB schedules transmitter and SFCI is feedback by transmitter to gNB
In this option, receiver decodes the SCI/sidelink data and ACK/NACK/DTX is feedback to transmitter via sidelink resource. When transmitter receives the sidelink feedback control information, it can send request to gNB to apply for sidelink resource for retransmission.
[bookmark: _Hlk534300013]Intuitively, it is beneficial for transmitter to forward the SFCI feedback to gNB for efficient scheduling, otherwise, 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. Therefore, we prefer that transmitter could forward the SFCI feedback to gNB on resources assigned by sidelink grant explicitly or implicitly determined by resource for sidelink grant/SCI/sidelink data/SFCI. Particularly, to avoid frequent RF switch, SFCI multiplexing between multiple UEs and multiple HARQ processes shall be supported and thus the resource efficiency can be increased.
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Figure 1. sidelink HARQ feedback via Uu for Mode 1
Comparing the above three options, we can draw the following observations:
a) Reliability: SFCI would be feedback by receiver via uplink resource if option 1 or 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 2 & 3, option 1 has only one procedure on sidelink. Therefore, the RTT is smaller in option 1.
c) Spectral efficiency: Considering half duplex limitation on sidelink, in option 2 or 3, transmitter could not send data when receive SCI or SFCI. That means option 2 or 3 will cause sidelink spectral efficiency decreasing.
d) Scenario: option 1 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 2 and option 3. 
e) Implementation: a drawback of option 1 is that transmitter and receiver should be controlled by the same entity, e.g. by the same gNB. When the transmitter and receiver are in coverage of different gNBs, a dynamic cooperation between gNBs is needed to support option 1. Option 2 and option 3 can be implemented based on mode 1+mode-2(d) and mode 1+mode-2(a) respectively.
Taking all of the above aspects into consideration, we prefer that the three options shall be supported for different scenarios to achieve better performance. For instance, when transmitter and receiver are in coverage of the same entity, option 1 should be applied for lower latency, higher reliability and spectral efficiency, while in partial coverage scenario, option 2 and option 3 shall be used based on whom the SCI is transmitted by.
Proposal 3: The following three options could be supported for SFCI feedback in mode 1:
· Option 1: gNB schedules transmitter and SFCI is feedback by receiver to gNB;
· Option 2: gNB schedules receiver and SFCI is feedback by receiver to gNB;
· Option 3: gNB schedules transmitter and SFCI is feedback by transmitter to gNB.
Proposal 4: The uplink resource allocation information for SFCI in option 1 could be obtained by the following options:
· Option 1: sent by gNB via sidelink grant to transmitter and forwarded in SCI transmission to receiver by transmitter.
· Option 2: sent by gNB via sidelink grant to receiver.
· Option 3: determined by the resource used for SCI/sidelink data.

Proposal 5: The uplink resource for reporting SFCI in option 3 could be jointly determined according to sidelink grant and resource used for sidelink grant/SCI/sidelink data/SFCI.
4. Conclusions
In this contribution, the resource allocation of PSFCH in V2X mode 2 and SFCI feedback link direction in V2X mode 1 are discussed, and the following proposals are made.
Proposal 1: Different PSFCH formats could be supported to convey different payload sizes of SFCI.
Proposal 2: The determination of PSFCH resource for receiver UE to feedback SFCI and be further studied as the following options:
· Option 1: Determined by PSCCH/PSSCH resource of transmitter UE or indicated by SCI.
· Option 2: Receiver UE autonomously selects PSFCH resource.
· Option 3: Combination of Option 1 and Option 2.
Proposal 3: The following three options could be supported for SFCI feedback in mode 1:
· Option 1: gNB schedules transmitter and SFCI is feedback by receiver to gNB;
· Option 2: gNB schedules receiver and SFCI is feedback by receiver to gNB;
· Option 3: gNB schedules transmitter and SFCI is feedback by transmitter to gNB.
Proposal 4: The uplink resource allocation information for SFCI in option 1 could be obtained by the following options:
· Option 1: sent by gNB via sidelink grant to transmitter and forwarded in SCI transmission to receiver by transmitter.
· Option 2: sent by gNB via sidelink grant to receiver.
· Option 3: determined by the resource used for SCI/sidelink data.
Proposal 5: In option 3, it is preferred that transmitter could forward the SFCI feedback to gNB on resources jointly determined according to sidelink grant and resource used for sidelink grant/SCI/sidelink data/SFCI.
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