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1 Introduction
In the RAN1 #94bis meeting, feedback mechanism for unicast and groupcast was discussed and the following agreements were achieved [1]:

Agreements:

· Layer-1 destination ID is conveyed via PSCCH.

· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 

· FFS whether this ID can be used for other HARQ feedback related operation.

· FFS other purpose

· FFS how many bits are conveyed.

· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

Agreements:

· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios

· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios

Agreements:

· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver

· Information representing the interference at receiver

· Examples for this information are

· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion

· FFS including

· Such information can be acquired using reciprocity or feedback

· Time scale of the information

· Which information is useful in which operation and scenario
Agreements:

· Sidelink control information (SCI) is defined.

· SCI is transmitted in PSCCH.

· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.

· NDI, if defined, is a part of SCI.

· Sidelink feedback control information (SFCI) is defined.

· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.

· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.

· FFS how to include other feedback information (if supported) in SFCI.

· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel

· FFS in the context of Mode 1:

· whether/how to convey information for SCI on downlink

· whether/how to convey information of SFCI on uplink

In this contribution, we further discuss the techniques that need to be studied to support feedback. The following issues will be discussed in this contribution: 
· whether/how feedback is supported for unicast/groupcast
· which information can be carried in feedback channel
· which channel can be used to carry the SFCI

· how to determine the transmission resource for feedback channel

2 Discussion
2.1 Whether/how to support feedback for groupcast
Compared with broadcast, the benefit of unicast is the QoS can be promised. One efficient way to promise the QoS is based on feedback information. The transmitter determines whether to do HARQ re-transmission based on the ACK/NACK fed back from receiver. For unicast, it was generally agreed that feedback could be supported. While for groupcast, there are different views on whether feedback is supported considering possible large signaling overhead and fast variation of group topology. If the number of members within a group is very large, the signaling overhead, including feedback information and re-transmission, is very heavy. Furthermore, it is possible that the topology of group varies fast because of high mobility. It is possible that a UE leave the group or a new UE join the group dynamically. The group needs to be re-organized which needs higher layer signaling exchange and large latency. The group head will do re-transmission if it cannot receive the feedback from the UE which has moved out of the group until it knows the new group members at physical or MAC layer. That will cause unnecessary re-transmission and resource inefficiency. In some specific cases, such as platooning, the number of group members and the topology are relative fixed, feedback can also be applied to improve reliability.

Proposal 1: For groupcast, feedback can be supported in some specific cases. 

If feedback can be enabled or disabled in different cases, it can leave the freedom to trade-off between the signal overhead and reliability.  For groupcast, the group header can determine whether feedback is needed for the transmission within the group. For unicast, the transmitter can determine whether feedback is needed for the unicast transmission. For example, an indicator is carried in SCI associated to a PSSCH to indicate whether the receiver needs to do HARQ feedback. For in coverage case, the network can determine whether feedback is supported for unicast or groupcast. The ID information for unicast or groupcast can be used to differentiate among multiple unicast or group links.

Proposal 2: Feedback can be enabled/disabled by the network, group header, sidelink data transmitter. An indicator in SCI or DCI is used to enable/disable feedback. An ID, such as group ID or destination ID, is used to differentiate among multiple unicast/groupcast links.
2.2 Feedback contents
In case feedback is enabled, the following issues need to be addressed: feedback contents, feedback channel, and transmission resource for feedback channel. In this section, we will discuss the feedback contents. The last two issues will be touched in following sections.

The following information can be carried in feedback channel.

· HARQ feedback: this information is used to indicate whether the data is received correctly or not so that the transmitter can determine to do either re-transmission or new transmission. 

· Channel state information: there are two ways to get the channel state information at transmitter, either based on reciprocity or based on feedback. For the latter case, the channel state information needs to be carried in feedback channel and transmitted to the data transmitter. The following metrics can be used for channel state information, such as CSI, CQI, RSRP, RSSI etc. 

· Power information: the transmission power or power adjust information can be carried in feedback channel if power control is supported for NR-V2X sidelink.

· Beam information: beamforming can be used to extend transmission coverage, especially in case of sidelink is deployed on FR2. During the procedure of beam training and beam management, the beam index can be carried in feedback and exchanged between transmitter and receiver. 

· Identification: it is possible that a UE is involved into multiple unicast or groupcast communication. If the feedback information is transmitted, it needs to differentiate the transmitter and receiver of the feedback information. The ID which is available at physical layer can be included in feedback channel. To reduce the payload size of feedback channel, the ID can be used for CRC scrambling. 
Proposal 2: The following information can be carried in feedback channel:

· HARQ ACK/NACK

· Channel state information

· Power information

· Beam information

· Identification of transmitter and receiver


2.3 Feedback channel to carry the SFCI

It was agreed that SFCI is used to carry feedback information and at least one SFCI format is used to carry HARQ feedback. Considering the variable potential feedback information, there is necessary to define multiple SFCI formats to carry different feedback information. The payload size of different SFCI formats can be different. While to reduce the complexity of blind decoding for SFCI, some SFCI formats can have the same payload size by padding. 

Proposal 3: Multiple SFCI formats can be defined to convey different feedback information. The payload size of some SFCI formats can be aligned to reduce blind decoding complexity.

The following options can be considered to convey SFCI on sidelink.
· PSCCH

PSCCH can be used to carry feedback information. Specifically, PSCCH is more suitable to carry the feedback information with fix payload size, such as HARQ feedback. Generally, PSCCH is used to carry SCI, which is used to transmit control information of associated PSSCH. The HARQ feedback information can also be piggybacked in SCI. On the other hand, in some cases, a new SCI format can be defined to carry HARQ feedback. For example, if HARQ feedback needs to be transmitted, while there is no SCI for PSSCH will be transmitted within the latency requirement of HARQ feedback, a dedicate SCI format, which does not include control information for PSSCH, needs to be transmitted. In this case, only feedback information is included in SCI and there is no control information for PSSCH. 

· PSSCH

PSSCH is benefit to carry feedback information with variable payload size, such as CSI information including both wideband and narrow band CSI, power adjustment, etc. If the feedback contents and payload size can be variable, that will be difficult to carry them in PSCCH. In this case, the transmission of PSSCH which contains feedback information can follow the procedure of normal PSSCH. Similar as UCI carried on PUSCH in LTE, the SFCI can be carried in MAC CE of PSSCH or puncture the transmission of PSSCH. 

· Dedicate feedback channel 
SFCI can also be carried in dedicate channel. Latency requirement is very restrict in some cases in NR-V2X, such as the latency requirement can be 3ms. In Rel-15 NR, self-contained feedback is introduced. Similar mechanism can also be applied in NR-V2X. One illustration is shown in figure 1. 
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Figure 1 Illustration of self-contained feedback channel
To reduce latency, the feedback channel can be within the same slot as corresponding PSSCH. In this case, only one or two symbols can be used for feedback channel and limit number of feedback information can be carried in feedback channel. For example, a sequence corresponding to ACK or NACK can be transmitted at the last OFDM symbol. 

Proposal 4: The SFCI on sidelink can be carried in:
· PSCCH: feedback information can be carried in SCI which is associated with a PSSCH, or a SCI which does not correspond to any PSSCH. Payload size of some SFCI formats can be aligned to reduce blind decoding complexity.

· PSSCH: feedback information can be carried in PSSCH by puncturing or rate-matching PSSCH transmission.

· Dedicate channel: a dedicate channel can be used to carry feedback channel to reduce latency.
In NR-V2X mode 1, the transmission resource of sidelink is allocated by network. If a feedback is received by the data transmitter, it needs to forward the feedback information to the network to assist eNB/gNB’s scheduling. For example, the HARQ feedback on sidelink is forwarded to network for either re-transmission or new transmission resource allocation. The channel state information of sidelink is transmitted to network for eNB/gNB to select suitable MCS. The feedback information can be carried on either PUCCH or PUSCH. 
Proposal 5: The SFCI on UL can be carried in PUCCH or PUSCH. 
2.4 Transmission resource for feedback channel

There are two issues related to transmission resource of feedback channel to be discussed in this section:

· Issue 1: whether same or different resource of feedback channel used among multiple UEs.

· Issue 2: how to determine the transmission resource for feedback channel.

In case feedback is enabled in groupcast, all of the UEs within the group need to feedback to the data transmitter. There are two options to transmit the feedback information among UEs.

· Option 1: Separate resource of feedback channel for different UE. 

The UEs which need to transmit feedback information can select or be allocated different resource for the feedback channel. For example, in case of HARQ feedback, UE can feedback either ACK or NACK based on decoding status. The transmitter ID can be included in the feedback channel for differentiation among multiple UEs. Alternatively, it is possible that only the UE who has correctly received data can feedback ACK to data transmitter. The data transmitter can determine whether and who has received data correctly, and determine whether to do retransmission, based on the feedback channel from all UEs. The data transmitter can determine all UEs have received correctly only if it can receive ACK from all of them. If only less number of UE cannot receive correctly, the data transmitter can adjust the transmission parameter, such as MCS or transmission power, according to the channel state between transmitter and the specific receiver to improve the reliability.  
· Option 2: Same resource for all UE

The same resource for feedback channel is used by all UEs who need to feedback. The resource can be implicitly determined by the resource of the corresponding PSSCH, or explicitly indicated by PSCCH. UEs who cannot receive correctly need to feedback NACK to the transmitter. Multiple UEs transmitting NACK on the feedback resource in SFN way. If the transmitter receives NACK, re-transmission is necessary. While it cannot know which UE and how many UEs do not receive correctly. Another potential issue of this option is about DTX. How the transmitter knows that there is DTX needs FFS. 

Proposal 6: Separate resource for feedback channel among multiple UEs is preferred. 
In sidelink transmission mode 2, the sidelink transmission resource is determined by UE. If UE1 transmits sidelink data to UE2, UE2 needs to feedback to UE1. The transmission resource for feedback channel can be determined by either data transmitter or data receiver. 

· If the transmission resource of feedback channel is determined by transmitter, it can simplify the feedback information detection without blind detection. While the resource allocated by transmitter may be not suitable for receiver. For example, the receiver may want to transmit data (not targets to the transmitter) on that resource, or the resource is with high interference. It is beneficial if the receiver can send assistance information to transmitter to assist its resource allocation.

· If the transmission resource of feedback channel is determined by receiver, the receiver can select a suitable resource for feedback transmission, such as by sensing. While the latency requirement needs to be known at receiver to assist its resource selection. The latency requirement can be obtained by QoS of associated data, or indicated by transmitter.

Proposal 7:  For SL transmission mode 2, transmission resource of feedback channel can be determined by either data transmitter or data receiver.
In sidelink transmission mode 1, the sidelink transmission resource is scheduled by base station. If UE1 transmits sidelink data to UE2, UE2 needs to feedback to UE1. If UE1 and UE2 are in the same cell, the base station can allocate transmission resource for both data and feedback resource for UE1 and UE2 separately. If UE1 and UE2 are in different cells, or UE2 is out of coverage, the transmission resource for feedback channel can determined by either the base station of UE1’s base station, or by UE2’s base station or UE2 itself. 
For the former case, UE1’s base station allocates transmission resource of feedback channel and transmits the resource allocation to UE1 who forwards it to UE2 on SL. While considering possible different transmission resource pool configured in UE1’s cell and UE2’s cell, UE2 needs to transmit assistance information, such as its transmission resource pool and/or reception resource pool, to UE1’s base station through UE1’s relay to assist UE1’s base station’s resource allocation.  
For the latter case, if UE2 is in the coverage, UE2’s base station allocates transmission resource of feedback channel for UE2. Similar as previous case, the allocated resource for UE2 should be also within the reception resource pool of UE1 so that UE1 can receive the feedback correctly. If UE2 is out of coverage, it autonomously selects resource for feedback channel. 

Proposal 8: For SL transmission mode 1, transmission resource of feedback channel can be determined by either data transmitter’s base station or data receiver’s base station. Assistance information exchange between base stations is necessary.
3 Conclusion
In this contribution, the techniques to support sidelink feedback are discussed. The following proposals are given to summarize our view.
Proposal 1: For groupcast, feedback can be supported in some specific cases.

Proposal 2: The following information can be carried in feedback channel:

· HARQ ACK/NACK

· Channel state information

· Power information

· Beam information

· Identification of transmitter and receiver


Proposal 3: Multiple SFCI formats can be defined to convey different feedback information. The payload size of some SFCI formats can be aligned to reduce blind decoding complexity.

Proposal 4: The SFCI on sidelink can be carried in:

· PSCCH: feedback information can be carried in SCI which is associated with a PSSCH, or a SCI which does not correspond to any PSSCH. Payload size of some SFCI formats can be aligned to reduce blind decoding complexity.

· PSSCH: feedback information can be carried in PSSCH by puncture or rate-matching PSSCH transmission.

· Dedicate channel: a dedicate channel can be used to carry feedback channel to reduce latency.
Proposal 5: The SFCI on UL can be carried in PUCCH or PUSCH. 
Proposal 6: Separate resource for feedback channel among multiple UEs is preferred. 
Proposal 7:  For SL transmission mode 2, transmission resource of feedback channel can be determined by either data transmitter or data receiver.
Proposal 8: For SL transmission mode 1, transmission resource of feedback channel can be determined by either data transmitter’s base station or data receiver’s base station. Assistance information exchange between base stations is necessary.
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