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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NR Rel-15 supports sidelink unicast, sidelink groupcast and sidelink broadcast. Uu-based sidelink resource allocation/configuration methods are classified as Mode 1 and Mode 2. For Mode 1 resource allocation, sidelink resource is allocated by gNB through Uu link, and HARQ mechanism including HARQ feedback and retransmission for sidelink unicast/groupcast should be supported.
RAN1 AH#1901 reached below agreements:
	Agreements:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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


However, the HARQ procedure for Mode 1 is not clear and it impacts many RAN1 and RAN2 aspects, such as scheduling, HARQ feedback and retransmission. This contribution aims to discuss this issue.
Discussion
LTE Mode 3 resource allocation is relatively simple because there is no HARQ retransmission. For NR Mode 1, we need to consider the designs of 1) feedback, such as path, channel; and 2) retransmission, such as path, resource request, resource allocation, and so on. All the details should be designed based on the basic HARQ procedure.
There are 4 possible HARQ procedure designs for Mode 1 resource allocation.
Case 1: Tx-UE relays resource allocation and HARQ feedback
Case 1 seems traditional. The Tx-UE receives resource allocation from network node, e.g. gNB, in Uu, and then transmits SCI and data in SL. After received HARQ NACK from Rx-UE, the Tx-UE should send HARQ NACK in Uu to request retransmission resource in SL. The gNB should allocate retransmission resource in SL after received HARQ NACK in Uu.


Figure 1 HARQ procedure (case 1)
Obviously, this procedure spends more time for HARQ retransmission because HARQ feedback and retransmission scheduling are transmitted in both 2 links.
The issues for case 1 are: 
· Issue 1-1: The mapping between SL TB and HARQ feedback resource in Uu;
· Issue 1-2: The mapping between SL TB and HARQ feedback resource in SL;
· Issue 1-3: The mapping between resource allocation in Uu and TB(s) for SL (re)transmission;
· Issue 1-4: The timing relationships among (re)transmission(s) and HARQ feedback(s);
· Issue 1-5: Scheduling mechanism in Uu and SL;
· Issue 1-6: Related RAN2 issues, such as BSR report, etc.
Case 2: Tx-UE relays resource allocation and Rx-UE sends HARQ feedback to gNB directly
In case 2, Tx-UE receives SL resource allocation in Uu, then sends SCI and data in SL. After received and decoded data in SL, the Rx-UE should send HARQ feedback in Uu to gNB directly. Meanwhile, the Rx-UE can also send HARQ feedback to the Tx-UE in SL or not, up to RAN1 design.
One more optimization is Rx-UE monitoring scheduling signalling in Uu directly (as the right figure).

 Figure 2 HARQ procedure (case 2)

Case 2 decreases the latency of feedback and retransmission. It is benefit for satisfying the QoS requirements of URLLC services. However, Rx-UE must be in the same cell coverage as Tx-UE and can communicate with gNB in both UL and DL.
The issues for case 2 are: 
· Issue 2-1: The mapping between SL TB and its HARQ feedback resource in Uu;
· Issue 2-2: The mapping between SL TB and HARQ feedback resource in SL (FFS);
· Issue 2-3: The mapping between resource allocation in Uu and TB(s) for SL (re)transmission;
· Issue 2-4: The timing relationships between (re)transmission and HARQ feedback;
· Issue 2-5: Scheduling mechanism in Uu and SL;
· Issue 2-6: Other related RAN2 issues, such as TA, BSR report, etc.

Case 3: Tx-UE relays resource allocation and Rx-UE sends HARQ feedback in SL monitored by both Tx-UE and gNB
In case 3, Tx-UE receives SL resource allocation in Uu, then sends SCI and data in SL. After received and decoded data in SL, the Rx-UE sends HARQ feedback. Both gNB and Rx-UE can monitor the HARQ feedback from Rx-UE. GNB can allocate SL resource after received HARQ feedback from UE. Because RAN1 agreed that “At least PUCCH is used to report the information (indication of the need for retransmission)”, we can take case 3 as a supplement for other cases when NR PUCCH resources are insufficient, or, SL PSFCH could be designed be compatible to NR PUCCH (it should be decided in RAN1).
The optimization of Rx-UE monitoring scheduling signalling in Uu as case 2 could be considered in case 3 too.


Figure 3 HARQ procedure (case 3)

Case 3 has the same transmission latency as case 2. Comparing with case 2, the advantage is that there is no need to design the HARQ feedback in Uu regarding to the TB transmission in SL (i.e., no issue 2-1). The disadvantage is that gNB must has the capability of monitoring signalling in SL besides the Rx-UE must be in the same cell coverage as Tx-UE.
The issues for case 3 are: 
· Issue 3-1: The mapping between SL TB and HARQ feedback resource in SL;
· Issue 3-2: The mapping between resource allocation in Uu and TB(s) for SL (re)transmission;
· Issue 3-3: The timing relationships between (re)transmission and HARQ feedback;
· Issue 3-4: The mechanism of gNB monitoring PC5 transmission;
· Issue 3-5: Scheduling mechanism in Uu and SL;
· Issue 3-6: Related RAN2 issues, such as TA, BSR report, etc.
Case 4: Tx-UE relays resource allocation for initial transmission, and Tx-UE and Rx-UE performing retransmission(s) via pre-allocated resources
In case 4, Tx-UE receives SL resource allocation for initial transmission in Uu, and sends SCI and data in SL. This procedure is same as that in LTE Mode 3.
Subsequently, Rx-UE transmits HARQ feedback to Tx-UE in SL and Tx-UE schedules and transmits retransmission resource within the pre-allocated SL resources. The difficulty of case 4 is the design of “pre-allocated resource”. Since RAN1 agreed that “The gNB can also schedule re-transmission resource”, it is possible for gNB to pre-allocate retransmission resource for a SL HARQ process when the initial transmission happen.



Figure 4 HARQ procedure (case4)

Case 4 has the minimum impacts to Uu link. And the Rx-UE doesn’t need to be in coverage.
The issues for case 4 are: 
· Issue 4-1: How to explain the “pre-allocated resource”, dedicated to the specified UE by gNB or shared resources?
· Issue 4-2: How to design the “pre-allocated resource”?
· Issue 4-3: How to guarantee the resource efficiency in SL?

The comparisons of the above 4 cases are summarized in Table 1. Case 2 and case 3 require Rx-UE in coverage and keeping UL TA in Uu. It impacts the feasibility of Mode 1. Case 1 is a traditional procedure with the cost of latency. Case 4 has the lowest latency and minimum impacts to Uu, but has the challenge of retransmission design in SL. We can take case 1 as baseline and support case 4 if RAN1 can design the corresponding mechanism in SL. Case 2 and case 3 are FFS due to their limitation in deployment.
Table 1 Comparison of the 4 HARQ procedures
	
	Case 1
	Case 2
	Case 3
	Case4

	Description
	Tx-UE relays resource allocation and HARQ feedback
	Tx-UE relays resource allocation and Rx-UE sends HARQ feedback to gNB directly
	Tx-UE relays resource allocation and Rx-UE sends HARQ feedback in SL monitored by both Tx-UE and gNB
	Tx-UE relays resource allocation for initial transmission, and Tx-UE and Rx-UE performing retransmission(s) via pre-allocated resources

	Retransmission latency
	High
	Medium or low
	Medium or Low
	Low

	Resources for Scheduling
	High (PDCCH in Uu+SCI in SL)
	High (PDCCH in Uu+SCI in SL), or Low (PDCCH in Uu)
	High (PDCCH in Uu+SCI in SL), or Low (PDCCH in Uu)
	Low (only one for initial transmission in Uu)

	Resources for HARQ feedback
	High (2 HARQ feedbacks:1 in Uu, 1 in SL)
	Low (1 HARQ feedback  in Uu) or High (2 HARQ feedbacks)
	Low (1 HARQ feedback  in SL)
	Low (1 HARQ feedback  in SL)

	Data resources waste in SL
	-
	-
	-
	Possible

	Requirements for Rx-UE
	-
	In coverage and keeping UL TA
	In coverage and keeping UL TA
	-

	Requirements for gNB
	-
	-
	Can monitor HARQ feedback in SL
	-

	Complexity of Uu design
	High
	High
	Medium
	Low

	Complexity of SL design
	Medium
	Low
	Medium
	High



Proposal 1: Determine the HARQ procedure(s) for Mode 1 based on above 4 cases and the analysis before considering the details in RAN1 and RAN2.
Proposal 2: Take case 1 as baseline and support case 4 if RAN1 can design the corresponding mechanism in SL. Case 2 and case 3 are FFS due to their limitation in deployment.
Proposal 3: Send LS to RAN1 about our consideration on HARQ procedure.
Conclusion
This contribution discusses the HARQ procedure for Mode 1. We should confirm the supported HARQ procedure for later detail designs in RAN1 and RAN2.
Proposal 1: Determine the HARQ procedure(s) for Mode 1 based on above 4 cases and the analysis before considering the details in RAN1 and RAN2.
Proposal 2: Take case 1 as baseline and support case 4 if RAN1 can design the corresponding mechanism in SL. Case 2 and case 3 are FFS due to their limitation in deployment.
Proposal 3: Send LS to RAN1 about our consideration on HARQ procedure.
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