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1 Introduction

In RAN2#108, the following agreements on HARQ has been reached

5:
If there is no unoccupied Sidelink process in the Sidelink HARQ entity, when a new TB arrives, how to handle RX buffer management is up to UE implementation.

6:
For each new transmission, UE selects a Destination having the logical channel with the highest priority, among the logical channels having data available for transmission and having no mapping restrictions to a sidelink grant. Then, UE allocate the sidelink grant to the logical channels from the logical channel with the highest priority.

7:
The logical channel with disabling the HARQ feedback cannot be multiplexed with a logical channel which enabling the HARQ feedback.

Agreements on HARQ: 
1: 
The Rx UE can flush the buffer of the HARQ process and consider it as available when a new transmission SCI is received for this HARQ process (for the existing source, destination ids, cast type and HARQ process id).
In this contribution, we discuss the left issues on HARQ procedure design.
2 Discussion
2.1 Issue-1: Mapping between HARQ process and SL grant
Following the legacy way as specified for LTE-V2X, the running CR also assume one-to-one mapping between HARQ process and SL grant, either multi-shot grant or single-shot grant.
If the MAC entity is configured by RRC to transmit using pool(s) of resources in a carrier as indicated in TS 38.331 [5] or TS 36.331 [xy] based on sensing, [or random selection], the MAC entity shall for each Sidelink process:

1>
if the MAC entity selects to create a configured sidelink grant corresponding to transmissions of multiple MAC PDUs, and SL data is available in a logical channel:

<Text Removed>
1>
if the MAC entity selects to create a configured sidelink grant corresponding to transmission(s) of a single MAC PDU, and SL data is available in a logical channel:

In LTE, there is no problem, since one HARQ process is able to handle multi-shot SL grant, considering the re-transmission of N-th grant would not happen later than the (N+1)-th grant, because the time gap between initial-transmission and re-transmission would be less than 15, as specified in 36.213
When a set of subframes 
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 for another set of transmission opportunities of PSSCH shall meet the conditions 
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 is the maximum number of transmission opportunities of PSSCH in a selected subframe set. Here, 
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 is the resource reservation interval provided by higher layers.
While the minimum reservation period would be 20, i.e., anyway larger than 15

-
randomly select, with equal probability, an integer value in the interval [5, 15] for the resource reservation interval higher than or equal to 100ms, in the interval [10, 30] for the resource reservation interval equal to 50ms or in the interval [25, 75] for the resource reservation interval equal to 20ms, and set SL_RESOURCE_RESELECTION_COUNTER to the selected value;

Considering that, the re-transmission of N-th grant would be finished before initial transmission N+1-th grant, so a single HARQ process can be used to handle the multi-shot grant.

On the other hand, considering that for NR-V2X, it has been agreed that

A set of possible period values is the following: 0, [1:99], 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 ms
I.e., the minimum reservation period is reduced from 20ms in LTE-V2X to 1ms in NR-V2X. However, the window for re-transmission resource reservation, i.e., W has been increased from 15 (subframe) to 32 (slot)
Support W to be equal to 32 slots
Considering that, it is possible that the re-transmission of N-th resource happens after the initial transmission of (N+1)-th resource. As a result of that, more than one HARQ process is needed, in order for multi-shot transmission.
Observation 1 If re-transmission of N-th resource happens after the initial transmission of (N+1)-th resource for multi-shot sidelink grant, more than one HARQ process are needed for each sidelink grant.
In LTE-V2X, there are 8 HARQ processes for each carrier, of which 2 can be used for multi-shot transmission.
For V2X sidelink communication, the maximum number of transmitting Sidelink processes associated with each Sidelink HARQ Entity is 8. A sidelink process may be configured for transmissions of multiple MAC PDUs. For transmissions of multiple MAC PDUs, the maximum number of transmitting Sidelink processes associated with each Sidelink HARQ Entity is 2.

If one follows that restriction for NR-V2X as well, it means that

· Either one should avoid “re-transmission of N-th resource happens after the initial transmission of (N+1)-th resource”, so that 2 HARQ processes can support 2 multi-shot grant;

· Or at least one should avoid “re-transmission of N-th resource happens after the initial transmission of (N+2)-th resource”, otherwise 2 HARQ processes cannot either support one multi-shot grant;

Given the restriction above also relates to the RAN1 design on re-transmission resource reservation, it is safer to not assume such limitation in RAN2. In order to be future proof, it is preferred to remove the one-to-one coupling between sidelink process and sidelink grant as in LTE.
Proposal 1 Remove the one-to-one mapping between sidelink process and sidelink grant in NR MAC specification.
2.2 Issue-2: SL HARQ feedback enabling/disabling decision 
One left issue for SL HARQ is whether it is MAC or PHY that decides on HARQ feedback being enabled or disabled.
According to RAN1 agreement, for “TB with HARQ FB being enabled”, it can only be carried by grant with PSFCH being configured., while FFS for “TB with SL HARQ FB being disabled”
From RAN1 perspective, a configured grant for SL can carry a TB for which SL HARQ FB is enabled or disabled. 

For any CG, if there is a possibility to carry a TB with SL HARQ FB being enabled, there is always a corresponding PSFCH configuration 

A TB with SL HARQ FB is enabled can be carried by a CG only if there is a corresponding PSFCH configuration for the CG

For a TB with SL HARQ FB is disabled, up to RAN2 how to utilize a CG for the transmission

This aligns with RAN2 agreement that
7:
The logical channel with disabling the HARQ feedback cannot be multiplexed with a logical channel which enabling the HARQ feedback.

So the situation can be divided into four cases:
	
	PUCCH is configured
	PUCCH is not configured

	PSFCH is configured
	Case-1: FFS whether FB has to be enabled
	Case-2: FB can be either enabled or disabled

	PSFCH is not configured
	Case-3: Not a valid configuration
	Case-4: FB has to be disabled


Firstly, for Case-3, the issue is whether that is a valid configuration, since if PSFCH is not configured, the feedback reporting via PUCCH is surely a fake report.
Proposal 2 RAN2 confirm that it is not a valid configuration if PUCCH resource being configured but PSFCH resource is not being configured.

Secondly, the left issue is how to handle the difference between Case-2 and Case-4
· In case-4, there is no flexibility for TX-UE to decide on FB enabling / disabling or not, i.e., MAC layer can just select logical channel which requires no feedback.
· In case-2, it allows the flexibility for TX-UE to decide on FB enabling / disabling. In that case, it is straightforward to up to MAC to decide on the FB enabling / disabling and indicate that to PHY in order for SCI indication. This case is valid for both mode-2 and mode-1.
Therefore, both modelling has to be enabled by MAC specification.
Observation 2 For grant without associated PSFCH resource, MAC can only select LCH with FB being disabled, i.e., cannot decide on the FB being enabled / disabled.
Observation 3 For grant with associated PSFCH resource (at least when PUCCH is not configured), MAC layer can decide on FB being enabled / disabled.
Proposal 3 For a SL grant with PSFCH being configured, MAC layer decides on select either LCHs without FB being disabled or LCHs with FB being enabled, and indicate PHY accordingly.
Proposal 4 For a SL grant with PSFCH not being configured, MAC layer can only select LCHs without FB being enabled.

Thirdly, for Case-1, the issue is whether FB enabling has to be mandated, which is up to RAN2 to decide
For a TB with SL HARQ FB is disabled, up to RAN2 how to utilize a CG for the transmission
· On the one hand, if FB disabling is allowed, TX-UE can autonomously decide on the data to be carried on this SL grant. However, it is questionable that why PUCCH resource has to be configured. In other words, one needs to design a criterion for reporting PUCCH even if FB is not enabled at SL.
· On the other hand, if FB disabling is not allowed, one does not need to design a criterion for reporting PUCCH even if FB is not enabled at SL. But it may cause resource waste if there is no available data in the LCHs which requires FB.

In short, both has pros and cons, and thus it is proposed to have further RAN2 discussion on this issue.
Proposal 5 RAN2 discuss whether data requiring no FB can be put into SL grant with PUCCH resource being configured. 
2.3 Issue-3: Re-transmission scheduling for CG
According to RAN1 agreement as follows:
Agreements:

· To provide additional resources for retransmission upon receiving a SL NACK report, a dynamic grant is used.
· When the initial transmission of a TB is scheduled by a configured grant (type-1 or type-2), the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a configured grant type-2.
Agreements:

· For dynamic grant, the number of retransmissions of a TB is up to the gNB.
· For configured grant, the maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.
It is unclear how for UE to behave according to the per-priority per-CG maximum retransmission number:
On the one hand, different from mode-2, the mode-1 CG resource cannot be released after allocated, so that a max re-transmission number cannot help on resource efficiency.

On the other hand, it is questionable how for UE/NW to behave if both PUCCH and maximum re-transmission number are configured.
· Initially, UE perform the transmission on CG resource, it may fail and report a NACK to network;
· Network may schedule re-transmission via DG, but without knowing the priority of the SL data, the network can just schedule DG-based re-transmission blindly;
· Receiving the DG, the UE may just perform the re-transmission accordingly;

Based on the understanding above, it is unclear how for the maximum re-transmission number take effect.

Proposal 6 RAN2 send LS to RAN1 to ask the usage of the maximum re-transmission number for CG.
2.4 Issue-4: HARQ configuration for inter-RAT scenario

Without DG-based re-transmission scheduling, it is unclear whether is still necessity to configure PUCCH to report SL A/N feedback to network. For this issue, the incoming RRC parameter list from RAN1 is not clear: On the one hand, for sl-ACKToUL-ACK, 36.331 impact is indicated by RAN1
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On the other hand, for n1PUCCH-AN-SL and PUCCH-SL-Config, only 38.331 impact is indicated (twice though)
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In general, if PUCCH is still expected, it is good to understand how for the network to make use of the feedback even if without DG-based re-transmission scheduling.

Proposal 7 RAN2 send LS to RAN1 to ask the necessity / reason for the PUCCH carrying SL A/N feedback in LTE-Uu controlling NR-PC5 scenario.

2.5 Issue-5: HARQ feedback option selection
In RAN1#96bis, two types of HARQ feedback modes are defined

· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise.

· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.

According to the latest reply from SA2, the upper layer would indicate the following information to AS layer

If a group size and a member ID are provided by the V2X application layer, the V2X layer passes them down to the AS layer.

In this case, the AS layer can use HARQ-ACK operation by using these information provided by the V2X layer. Therefore, Option 2 can be supported. Anyhow, which option is used is up to the AS layer.

Please note that it is assumed that the V2X application layer provides accurate and up-to-date information on the group size and the member ID.

If a group size and a member ID are NOT provided by the V2X application layer, the V2X layer cannot provide these information to the AS layer.

In this case, Option 2 cannot be selected by the AS layer.

For the selection of option-1/option-2, it can be summarized as the following table

	
	If the group size information is not provided by upper layer, or if the group size is more than the amount of available PSFCH resource
	If the group size is less than the amount of available PSFCH resource

	Option-1
	OK
	OK

	Option-2
	NOK
	OK


So the key information is in two types: 1) group size information, and 2) the amount of available PSFCH resource. The former one is more a static per-group information, yet the latter one is still pending RAN1 decision, i.e., possibility it is more a dynamic per-grant decision.

· Within the set of PRBs (pre-)configured for the actual PSFCH resources, the first Z PRBs are associated with the first sub-channel in the first slot associated with the PSFCH slot, the second Z PRBs are associated with the first sub-channel in the second slot associated with the PSFCH slot, and so on.

· FFS when NF is not a multiple of S*N

· For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with 

· Option 1: the starting sub-channel and slot used for that PSSCH.

· Option 2: the sub-channel(s) and slot used for that PSSCH

Therefore, in case RAN1 choose option-2 (i.e., the sub-channel(s) and slot used for that PSSCH) above, it is hard to rely on (pre-)configuration to pre-select the HARQ feedback option-1/2, since the number of PSFCH is a per-TX-UE decision. Furthermore, on the one hand, RAN1 is discussing the restriction of 

· FFS whether to have the following restriction. 

· Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB).

· Note: RAN1 assumes that the member ID M is an integer between 0 and X-1.

On the other hand, in the other case of X < Z*Y, it does not matter which HARQ option to choose. Therefore, it is easier for RAN2 to leave the decision to RAN1, i.e., after RAN1 decides on the PSFCH resource mapping rule and the necessity of restriction in case of X > Z*Y, RAN2 can further decide whether any (pre-)configuration is needed. 

Observation 4 HARQ option-1/2 selection has to be per-group and per-TX-UE, pending RAN1 decision.

Proposal 8 RAN2 wait for RAN1 conclusion before proceeding on HARQ option-1/2 selection issue.
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
If re-transmission of N-th resource happens after the initial transmission of (N+1)-th resource for multi-shot sidelink grant, more than one HARQ process are needed for each sidelink grant.
Observation 2
For grant without associated PSFCH resource, MAC can only select LCH with FB being disabled, i.e., cannot decide on the FB being enabled / disabled.
Observation 3
For grant with associated PSFCH resource (at least when PUCCH is not configured), MAC layer can decide on FB being enabled / disabled.
Observation 4
HARQ option-1/2 selection has to be per-group and per-TX-UE, pending RAN1 decision.


And thus we propose:
Proposal 1
Remove the one-to-one mapping between sidelink process and sidelink grant in NR MAC specification.
Proposal 2
RAN2 confirm that it is not a valid configuration if PUCCH resource being configured but PSFCH resource is not being configured.
Proposal 3
For a SL grant with PSFCH being configured, MAC layer decides on select either LCHs without FB being disabled or LCHs with FB being enabled, and indicate PHY accordingly.
Proposal 4
For a SL grant with PSFCH not being configured, MAC layer can only select LCHs without FB being enabled.
Proposal 5
RAN2 discuss whether data requiring no FB can be put into SL grant with PUCCH resource being configured. 
Proposal 6
RAN2 send LS to RAN1 to ask the usage of the maximum re-transmission number for CG.
Proposal 7
RAN2 send LS to RAN1 to ask the necessity / reason for the PUCCH carrying SL A/N feedback in LTE-Uu controlling NR-PC5 scenario.
Proposal 8
RAN2 wait for RAN1 conclusion before proceeding on HARQ option-1/2 selection issue.
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