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1	Introduction
In RAN1#ah-1901, the following agreement was made: 
	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 paper, we discuss how to enable gNB to schedule retransmission resource in mode 1.   
[bookmark: _Ref178064866]2	Discussion on transmission of feedback over uplink
For the sake of discussion, in this paper we introduce the following terminology:
· T-UE is UE transmitting the TB over sidelink.
· R-UE is the UE receiving the TB (over sidelink). 
The feedback is generated by the R-UE in response to the transmission of the TB by the T-UE.
The agreement from RAN1#ah1901 leaves FFS which of the UEs participating in a sidelink communication (T-UE or R-UE) is expected to report it to the gNB. Prior to answering this question, it is worth discussing the scenarios in which NR sidelink operation is expected. These are in-coverage, partial-coverage and out-of-coverage, as illustrated in Figure 1. 
[image: ]
[bookmark: _Ref521325787]Figure 1. Coverage scenarios: in-coverage sidelink (left), partial-coverage sidelink (centre), out-of-coverage sidelink (right).
In Mode 1, the T-UE is always under coverage of a gNB, whereas the R-UE may or may not be under coverage of a gNB.
[bookmark: _Toc1151090]In Mode 1, the transmitter UE is always in coverage whereas the receiver UE may or may not be in coverage (in-coverage and partial coverage situations, respectively).
Given this straightforward observation, it is clear that supporting feedback for Mode 1 in all situations requires that a procedure consisting of: 1) having the R-UE transmit the feedback to the T-UE over PC5; and 2) having the T-UE relay the feedback to the gNB over UL.
[bookmark: _Toc1041280][bookmark: _Toc1041622][bookmark: _Toc1041648][bookmark: _Toc1041719][bookmark: _Toc1047622][bookmark: _Toc1052234][bookmark: _Toc1052915][bookmark: _Toc1142654][bookmark: _Toc1151100]NR SL supports that the T-UE sends over uplink to the gNB the feedback received over sidelink from the R-UE.
The question is, thus, whether in addition to the procedure in Proposal 1, it is necessary to introduce a procedure by which the R-UE directly conveys the feedback to the gNB. 
The main motivation for having the R-UE convey the feedback to the gNB is latency. This statement is inaccurate. Lower latencies may be possible if both T-UE and R-UE are served by the same gNB. However, if they are served by different gNBs, possibly belonging to different PLMNs, additional inter-gNB signaling will be necessary, thus increasing the latency. Given that the system will be designed for the worst case, it is not clear that there will be any latency gain at all. If latency is a concern, then it is more reasonable to specify solutions that allow for quick delivery of the feedback from the T-UE. 
[bookmark: _Toc1047613][bookmark: _Toc1151091]New complex inter-gNB signalling is necessary for the case that T-UE and R-UE are in different cells.
[bookmark: _Toc1151092]Having the R-UE convey the feedback directly to the gNB may not reduce the latency at all.
In general, HARQ feedback may be used to decide many transmission parameters besides the resource allocation. Similar to LTE and as described in [3], for NR mode 1 we envision that the gNB may allow the UE to choose the values for some of the parameters (e.g., MCS, etc.). Consequently, HARQ feedback will be necessary at both T-UE and gNB.
[bookmark: _Toc1052228][bookmark: _Toc1151093]If, like in LTE, the gNB allows the UE to select some transmission parameters HARQ feedback will be necessary at the T-UE.
Furthermore, the transmission of feedback by the R-UE requires that its serving gNB dedicates some resources for the uplink transmission. In the discussions, two alternatives have been considered: 
1. Having the gNB directly receive the PSFCH transmission by the R-UE: Although many details are still unknown, our view is that requiring the gNB to implement (part of) a PC5 receiver for this purpose is not reasonable. In addition, issues related to timing advance will arise, especially if T-UE and R-UE are served by different gNBs. Moreover, PC5 transmissions are inherently short range, so it is likely that the PSFCH transmission by the R-UE does not directly reach the gNB. 
2. Having the R-UE convey PSFCH using PUCCH: In our view, this is the only viable option. However, if PUCCH is used by the R-UE, additional signaling from its serving gNB is necessary to identify the PC5 transmission whose feedback is transmitted. This identification may be done at the time of configuring the PUCCH resource using DCI or be carried by PUCCH itself. Either way, new signaling, possibly in the PHY layer, is necessary. Such signaling would also be necessary to distinguish between multiple PC5 sessions in which a R-UE may be involved.
In addition, inter-gNB messaging may be required so that the gNB serving the R-UE can provision the resources.
[bookmark: _Toc1151094]In case gNB directly receives PSFCH sidelink transmissions, the gNB needs to implement PC5 receiver, which is not a viable option. 
[bookmark: _Toc1151095]In case the R-UE conveys PSFCH using PUCCH, new signalling between gNB and R-UE is necessary for the gNB to identify the feedback received on PUCCH.
[bookmark: _Toc1151096]New inter-gNB signaling is necessary so that the gNB serving the R-UE can provision or allocate the resources for the feedback transmission.
We also observe that having the R-UE send directly the feedback to the gNB requires that both T-UE and R-UE be in RRC_Connected mode. In contrast, only the T-UE needs to be in RRC_Connected if feedback is relayed over uplink by the T-UE. In other words, twice as many UEs must be in RRC_Connected mode to enable such functionality.
[bookmark: _Toc1151097]Having the R-UE convey the feedback directly to the gNB requires that both T-UE and R-UE be in RRC_Connected mode.
The preceding analysis shows that complexity, disadvantages, and limited applicability of having the R-UE for directly conveying HARQ feedback over uplink outweigh the potential advantages, which are largely uncertain. Therefore, we propose the following:
[bookmark: _Toc1041284][bookmark: _Toc1041624][bookmark: _Toc1041649][bookmark: _Toc1041720][bookmark: _Toc1047623][bookmark: _Toc1052235][bookmark: _Toc1052916][bookmark: _Toc1142655][bookmark: _Toc1151101]NR SL does not support that the R-UE directly sends SL feedback over uplink to the gNB.
3	Signalling considerations
In this section we discuss signalling aspects related to the transmission of feedback from T-UE to gNB.
One aspect left for further study in the previous meeting is the form of the information if the T-UE conveys it to the gNB. In our view, ACK/NACK should be supported (for unicast, and groupcast option 2) or NACK-only (groupcast option 1). The use of SR alone, which has been proposed as an alternative is not suitable as it does not allow the gNB to distinguish between retransmissions and new TBs. To simplify specification, we propose to use the same mechanism for ACK/NACK or NACK-only.
[bookmark: _Toc1047624][bookmark: _Toc1052236][bookmark: _Toc1052917][bookmark: _Toc1142656][bookmark: _Toc1151102]The indication conveyed to the gNB by the T-UE is in the form of HARQ ACK/NACK. 
[bookmark: _Hlk531964130]In Uu, PUCCH is used to send uplink control information (UCI) including HARQ feedback. If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI reports and the conditions for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI reports in the PUSCH [2]. A similar principle can be adopted when forwarding the sidelink HARQ feedback over Uu. 
[bookmark: _Toc532200965][bookmark: _Toc534990221][bookmark: _Toc1041287][bookmark: _Toc1041627][bookmark: _Toc1041652][bookmark: _Toc1041721][bookmark: _Toc1047625][bookmark: _Toc1052237][bookmark: _Toc1052918][bookmark: _Toc1142657][bookmark: _Toc534904481][bookmark: _Toc1151103]The sidelink HARQ feedback is forwarded over either PUCCH or PUSCH following similar principle as defined for transmitting UCI. 
A UE may transmit multiple MAC PDUs over sidelink on different carriers and/or to different UEs, and each MAC PDU has its own HARQ feedback. A question is whether we need to identify for which carriers and/or Rx UEs the sidelink HARQ feedback is related to when the feedback is forwarded over Uu. In this regard, we believe that the network knows when a certain sidelink HARQ feedback is expected to be received, there is no need to convey the identification for sidelink HARQ feedback over Uu. 
[bookmark: _Toc1047619][bookmark: _Toc534904450][bookmark: _Toc534904474][bookmark: _Toc534904451][bookmark: _Toc534904475][bookmark: _Toc525927446][bookmark: _Toc1151098]It is not necessary to convey the identification for sidelink HARQ feeback over Uu if the NW can know when a certain type of sidelink HARQ feedback is expected to be received.
Based on the above observations, we propose the following:
[bookmark: _Toc532200966][bookmark: _Toc534990222][bookmark: _Toc1041288][bookmark: _Toc1041628][bookmark: _Toc1041653][bookmark: _Toc1041722][bookmark: _Toc1047626][bookmark: _Toc1052238][bookmark: _Toc1052919][bookmark: _Toc1142658][bookmark: _Toc534904482][bookmark: _Toc1151104]When and how to send the sidelink HARQ feedback over Uu is scheduled and/or configured by the network. 
Besides, the current PUCCH format is designed only for transmitting UCI. For transmitting sidelink HARQ feedback or both UCI and sidelink HARQ feedback over UL, new PUCCH format may be needed, as the required bits to transmit sidelink HARQ feedback with or without UCI may be different than transmitting only UCI. Details are for FFS. 
[bookmark: _Toc1151099]The current PUCCH format is designed only for transmitting UCI. 
[bookmark: _Toc521683512][bookmark: _Toc521683817][bookmark: _Toc521687524][bookmark: _Toc528954985][bookmark: _Toc532200967][bookmark: _Toc534904483][bookmark: _Toc534990223][bookmark: _Toc1041289][bookmark: _Toc1041629][bookmark: _Toc1041654][bookmark: _Toc1041723][bookmark: _Toc1047627][bookmark: _Toc1052239][bookmark: _Toc1052920][bookmark: _Toc1142659][bookmark: _Toc1151105]RAN1 studies whether a new PUCCH format is needed to transmit sidelink HARQ feedback with or without UCI.
4	Conclusion
In the previous sections we made the following observations:
Observation 1	In Mode 1, the transmitter UE is always in coverage whereas the receiver UE may or may not be in coverage (in-coverage and partial coverage situations, respectively).
Observation 2	New complex inter-gNB signalling is necessary for the case that T-UE and R-UE are in different cells.
Observation 3	Having the R-UE convey the feedback directly to the gNB may not reduce the latency at all.
Observation 4	If, like in LTE, the gNB allows the UE to select some transmission parameters HARQ feedback will be necessary at the T-UE.
Observation 5	In case gNB directly receives PSFCH sidelink transmissions, the gNB needs to implement PC5 receiver, which is not a viable option.
Observation 6	In case the R-UE conveys PSFCH using PUCCH, new signalling between gNB and R-UE is necessary for the gNB to identify the feedback received on PUCCH.
Observation 7	New inter-gNB signaling is necessary so that the gNB serving the R-UE can provision or allocate the resources for the feedback transmission.
Observation 8	Having the R-UE convey the feedback directly to the gNB requires that both T-UE and R-UE be in RRC_Connected mode.
Observation 9	It is not necessary to convey the identification for sidelink HARQ feeback over Uu if the NW can know when a certain type of sidelink HARQ feedback is expected to be received.
Observation 10	The current PUCCH format is designed only for transmitting UCI.
Based on the discussion in the previous sections we propose the following:
Proposal 1	NR SL supports that the T-UE sends over uplink to the gNB the feedback received over sidelink from the R-UE.
Proposal 2	NR SL does not support that the R-UE directly sends SL feedback over uplink to the gNB.
Proposal 3	The indication conveyed to the gNB by the T-UE is in the form of HARQ ACK/NACK.
Proposal 4	The sidelink HARQ feedback is forwarded over either PUCCH or PUSCH following similar principle as defined for transmitting UCI.
Proposal 5	When and how to send the sidelink HARQ feedback over Uu is scheduled and/or configured by the network.
Proposal 6	RAN1 studies whether a new PUCCH format is needed to transmit sidelink HARQ feedback with or without UCI.
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