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1	Introduction
In RAN1#94, the following agreement was made: 
	Agreements:
· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· [bookmark: _GoBack]Link adaptation
· Multi-antenna transmission scheme


And further In RAN1#95, the following agreement was made: 
	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 paper, we discuss how to enable gNB to schedule retransmission resource in mode 1.   
[bookmark: _Ref178064866]2	Discussion
As stated in the SID [1], similarly to LTE, NR sidelink operation should be possible in all coverage scenarios i.e. in-coverage, partial-coverage, and out-of-coverage (see Figure 1). 
[image: ]
[bookmark: _Ref521325787]Figure 1. Coverage scenarios: in-coverage sidelink (left), partial-coverage sidelink (centre), out-of-coverage sidelink (right).
Mode 1 scheduling can be applied to Tx UE that is in coverage. To enable the NW to properly schedule sidelink resources for retransmission, the network should know whether a transport block transmitted over sidelink is correctly received or not. This requires the sidelink HARQ feedback is sent to the gNB of the Tx UE. 
[bookmark: _Toc532200963][bookmark: _Toc534904479][bookmark: _Toc534990219][bookmark: _Toc521683285][bookmark: _Toc521683507][bookmark: _Toc534994039]Sidelink HARQ feedback is sent to the gNB of the Tx UE to facilitate mode 1 scheduling of retransmission.
In principle, there can be two ways to send the sidelink feedback to the gNB as shown in Figure 2: (1) Rx UE sends the feedback to Tx UE via sidelink (PC5), which further forwards the feedback to the gNB; (2) Rx UE sends the feedback directly to the gNB via Uu. Option 2 may bring lower latency in case the Tx and Rx UE are served by the same gNB, but it has various limitations/drawbacks: 
· Inter-gNB coordination is needed in case the Tx UE and Rx UE are served by different gNB, which increases both latency and complexity. 
· It cannot work if the Rx UE is in idle mode or out of coverage. 
· If Tx UE and Rx UE are served by different PLMNs, extensive inter-gNB signaling is required. 
In addition, even in mode 1, HARQ feedback may also be necessary at the Tx UE. For example, like in LTE, the gNB may choose not to configure some parameters for the UE such as MCS. In this case, the UE would benefit from having access to HARQ feedback too.
Considering this, we think option 1 should be adopted for sending sidelink feedback to the gNB. 
[bookmark: _Toc521683508][bookmark: _Toc521683816][bookmark: _Toc521687523][bookmark: _Toc528954984][bookmark: _Toc532200964][bookmark: _Toc534904480][bookmark: _Toc534990220][bookmark: _Toc534994040]The sidelink HARQ feedback should be first sent to the Tx UE which then forwards it to the gNB, if needed.
[image: ]
[bookmark: _Ref521687208]Figure 2. Feedback signaling paths for in-coverage UEs: Option 1 (left) and Option 2 (right)
[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: _Toc534904481][bookmark: _Toc534994041]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. The situation may be different in different scenarios: 
· In case 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. 
· In case the network does not know which and how many HARQs will be received at a certain time, the identification is needed. Besides, the NW will not know which PUCCH format the UE will use to forward the sidelink feedback, thus the PUCCH detection complexity will increase. 
[bookmark: _Toc534904450][bookmark: _Toc534904474][bookmark: _Toc534904451][bookmark: _Toc534904475][bookmark: _Toc525927446][bookmark: _Toc534994044]No need 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.
[bookmark: _Toc534994045]In case the NW does not know the HARQ timing, the identification is needed. Moreover, the PUCCH detection complexity will increase. 
Based on the above observations, we propose the following:
[bookmark: _Toc532200966][bookmark: _Toc534990222][bookmark: _Toc534904482][bookmark: _Toc534994042]When and how to send the sidelink HARQ feedback over Uu is scheduled and/or configured by the network and no identification is needed. 
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: _Toc534994046]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: _Toc534994043]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	No need 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 2	In case the NW does not know the HARQ timing, the identification is needed. Moreover, the PUCCH detection complexity will increase.
Observation 3	The current PUCCH format is designed only for transmitting UCI.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Sidelink HARQ feedback is sent to the gNB of the Tx UE to facilitate mode 1 scheduling of retransmission.
Proposal 2	The sidelink HARQ feedback should be first sent to the Tx UE which then forwards it to the gNB, if needed.
Proposal 3	The sidelink HARQ feedback is forwarded over either PUCCH or PUSCH following similar principle as defined for transmitting UCI.
Proposal 4	When and how to send the sidelink HARQ feedback over Uu is scheduled and/or configured by the network and no identification is needed.
Proposal 5	RAN1 studies whether a new PUCCH format is needed to transmit sidelink HARQ feedback with or without UCI.
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