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[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]HARQ procedures will be further studied in the WID [1]. It has been agreed that HARQ feedback based retransmission will be supported for SL unicast and groupcast. Besides, RAN1 made the following agreements related to HARQ feedback: 
	 Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.

Agreements:
Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.


In this paper, we further discuss some technical aspects related to mode 1 scheduling of sidelink retransmission taking RAN1 agreements into account. The design of HARQ over SL is described in the companion paper [2]. 
[bookmark: _Ref489281230]Discussion
According to the SI agreements mentioned above, it is clear that only transmitter UE sends the HARQ indication to gNB. There has been extensive discussions on the support of HARQ indication from receiver UE, however, it was not agreed. This was mainly because the gains of supporting this feature is not justified given the required specification effort and the lack of time. Furthermore, such receiver UE based indication will require receiver UE to be in RRC connected mode which may not always be the case. For instance, receiver UE can be in RRC idle mode but still a part of PC5 unicast/groupcast connection with a transmitter UE (i.e. RRC connected mode). Therefore, due to scarcity of time, we propose to focus on one common solution that is applicable to all possible V2X scenarios as described in the WID. 
[bookmark: _Toc4491704][bookmark: _Toc4680582][bookmark: _Toc4680885][bookmark: _Toc4682888][bookmark: _Toc4715886][bookmark: _Toc4715904]The gains of mode-1 HARQ indication via receiver UE could not be justified and it was not agreed during the SI phase.
[bookmark: _Toc4491281][bookmark: _Toc4680603][bookmark: _Toc4680878][bookmark: _Toc4682885][bookmark: _Toc4682958][bookmark: _Toc4715912]During the WI, RAN2 focusses on specifying mode-1 HARQ indication via transmitted UE only.    
In NR Uu, HARQ ACK/NACK is the only signalling that can indicate whether a DL transmission is correctly received by the UE or not and gNB triggers a retransmission in case the transmission is not correctly received (i.e. HARQ NACK). Also, in contrast to LTE, NR Uu supports asynchronous UL HARQ i.e. the scheduling (re)transmissions belonging to different HARQ processes is totally under gNB control. However, the HARQ related information (e.g. process ID, RV, NDI etc.) needs to be conveyed in the scheduling grant. To keep the flexible design of NR, we also foresee asynchronous HARQ for sidelink.
[bookmark: _Toc4491705][bookmark: _Toc4680583][bookmark: _Toc4680886][bookmark: _Toc4682889][bookmark: _Toc4715887][bookmark: _Toc4715905]NR supports asynchronous HARQ for both uplink and downlink. 
[bookmark: _Toc4491282][bookmark: _Toc4680604][bookmark: _Toc4680879][bookmark: _Toc4682886][bookmark: _Toc4682959][bookmark: _Toc4715913]NR supports asynchronous HARQ for sidelink. 

When it comes to resource allocation and timing configuration of HARQ feedback, in NR Uu, it is also done by gNB using DCI. For instance, DCI indicates the timing difference (among the RRC configured timing relations) between PDSCH and corresponding HARQ feedback. Similarly, the PUCCH resources are allocated to a UE and is indicated via DCI. Therefore, gNB is in full control of scheduling HARQ feedbacks in NR Uu. 
[bookmark: _Toc4491706][bookmark: _Toc4680584][bookmark: _Toc4680887][bookmark: _Toc4682890][bookmark: _Toc4715888][bookmark: _Toc4715906]In NR Uu, gNB is in full control of scheduling (re-)transmissions and the corresponding HARQ feedbacks.   
Therefore, following the same principle as in NR Uu, it would have been straightforward to indicate sidelink retransmissions in the form of ACK/NACK in case of mode-1 i.e. gNB schedules HARQ feedback resources on PUCCH for SL HARQ feedback. This option has been discussed extensively during the SI and was supported by many companies except a few. In our view, such solution would have been the most straight forward and simplest from specification perspective, at the same time providing the desired functionality.  
[bookmark: _Toc4491707][bookmark: _Toc4680585][bookmark: _Toc4680888][bookmark: _Toc4682891][bookmark: _Toc4715889][bookmark: _Toc4715907]Sidelink HARQ ACK/NACK reporting from UE to gNB would have been the most straight-forward solution and at the same time provide the required functionality. 
However, for the sake of compromise, it was accepted in RAN1#96 that the indication could be in the form of SR/BSR etc., rather than HARQ ACK/NACK. The primary purpose of SR/BSR is to request grant for the new data transmission i.e. SR/BSR is only triggered when there is new data in the buffer. Since retransmissions are not perceived as new data and the information is only limited to HARQ entity, it is necessary that RAN2 specify new triggering conditions for SR/BSR based indication for retransmissions. 
Furthermore, by receiving sidelink SR/BSR, gNB does not know whether it is for new data transmission or retransmission or both. Therefore, gNB will be unable to schedule (re)transmissions properly if such information is not available. For instance, it may happen that gNB provides the grant which is not sufficient for retransmission for which the TB has already been constructed and is present in the HARQ buffer. 
[bookmark: _Toc4680586][bookmark: _Toc4680889][bookmark: _Toc4682892][bookmark: _Toc4715890][bookmark: _Toc4715908][bookmark: _Toc4680587][bookmark: _Toc4680890][bookmark: _Toc4682893]Legacy SR/BSR only indicates information related to new data transmission. 

Therefore, it is important that if SR/BSR based solution is supported for mode-1 HARQ indication, the information related to retransmission is known at gNB and is conveyed via SR or BSR. 
The information related to retransmission may include HARQ buffer size and the corresponding logical channel group (LCG) ID or HARQ process ID. The information related to retransmission can be added to the BSR which is triggered whenever there is a need of retransmission over sidelink. For instance, if there no new data available, a new BSR containing only retransmission information will be triggered. On the other hand, if there is also new data available in addition to data requiring retransmissions, BSR could contain information for both new transmission and retransmission. 
Although such explicit indication of retransmission information to gNB is highly desirable to have full gNB control, however, it incurs quite high overhead for BSR and is not necessary since gNB already have the information for retransmission. In order to avoid extra overhead, it is also possible that the dedicated SR is configured to convey the retransmission indications. In other words, different SR resources are used for requesting resources for initial transmission and that for retransmission. Therefore, gNB can implicitly know if the requested resources are for initial transmission and retransmission. The dedicated SR for retransmission should be associated with LCG/HARQ ID, such that gNB can determine the SL grant size in case of retransmission. Such dedicated SR resources for retransmissions may be configured by gNB in periodic or aperiodic manner and the configuration follow the same priority rules as in NR Uu. 
[bookmark: _Toc4680605][bookmark: _Toc4680880][bookmark: _Toc4682894][bookmark: _Toc4715891][bookmark: _Toc4715909][bookmark: _Toc4682895]New SL SR/BSR design is needed to convey the information related to SL retransmission to gNB, but heavy specification effort is foreseen. For instance:
a. [bookmark: _Toc4680606][bookmark: _Toc4680881][bookmark: _Toc4682896][bookmark: _Toc4715892][bookmark: _Toc4715910][bookmark: _Toc4682897][bookmark: _Toc4680607][bookmark: _Toc4680882]For each TB requesting retransmission, the size and relevant LCG/HARQ ID are conveyed in BSR.
b. [bookmark: _Toc4682898][bookmark: _Toc4715893][bookmark: _Toc4715911]Dedicated SRs are configured to indicate the need of retransmission and relevant LCG/HARQ ID. 

Given the above observation and analysis, we believe the agreement in RAN1 is better to be revisited. We don’t see the gain of indicating SL retransmission using SR/BSR compared to HARQ ACK/NACK, and former option will lead to heavy specification effort.
[bookmark: _Toc4680608][bookmark: _Toc4680883][bookmark: _Toc4682887][bookmark: _Toc4682960][bookmark: _Toc4715914]For mode-1 SL retransmission scheduling, RAN2 agrees to use HARQ ACK/NACK for SL retransmission indication to gNB via PUCCH. RAN2 sends LS to RAN1 expressing RAN2’s view. 
[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
Observation 1	The gains of mode-1 HARQ indication via receiver UE could not be justified and it was not agreed during the SI phase.
Observation 2	NR supports asynchronous HARQ for both uplink and downlink.
Observation 3	In NR Uu, gNB is in full control of scheduling (re-)transmissions and the corresponding HARQ feedbacks.
Observation 4	Sidelink HARQ ACK/NACK reporting from UE to gNB would have been the most straight-forward solution and at the same time provide the required functionality.
Observation 5	Legacy SR/BSR only indicates information related to new data transmission.
Observation 6	New SL SR/BSR design is needed to convey the information related to SL retransmission to gNB, but heavy specification effort is foreseen. For instance:
a.	For each TB requesting retransmission, the size and relevant LCG/HARQ ID are conveyed in BSR.
b.	Dedicated SRs are configured to indicate the need of retransmission and relevant LCG/HARQ ID.
 
Based on the discussion in section 2 we propose the following: 
[bookmark: _GoBack]Proposal 1	During the WI, RAN2 focusses on specifying mode-1 HARQ indication via transmitted UE only.
Proposal 2	NR supports asynchronous HARQ for sidelink.
Proposal 3	For mode-1 SL retransmission scheduling, RAN2 agrees to use HARQ ACK/NACK for SL retransmission indication to gNB via PUCCH. RAN2 sends LS to RAN1 expressing RAN2’s view.
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