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1 Introduction

In RAN2#107bis, the following agreements on HARQ has been reached

Agreements on SL HARQ: 

1: 
Like Tx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for transmission, and shared by all cast-types.

2:
Like Tx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. The maximum number of transmitting sidelink processes associated with each NR sidelink HARQ entity is pending on RAN1.

3:
Like Rx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for reception, and shared by all cast-types.

4:
Like Rx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. FFS for the maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity.

5:
From a SCI, the Rx UE can select the HARQ process to handle the corresponding transmission from unoccupied HARQ process.

6:
For unicast/groupcast communication, each corresponding TB at the Tx UE should be associated with cast-type, Source ID, Destination ID and HARQ process id.

7:
For unicast/groupcast communication, the Tx UE’s MAC is able to receive the sidelink HARQ feedback indication (e.g. ACK or NACK) from SL PHY layer.

8:
For unicast/groupcast, the network shall configure the HARQ enable/disable to Tx-UE:


- For RRC_CONNECTED UEs: the gNB configure via RRC message.


- For RRC_Idle/RRC_Inactive UEs: the gNB configure via SIB.


- For OOC UEs: via pre-configure.

9:
RAN2 to support SL HARQ feedback enable/disable configures in SLRB level:


- For both mode1&mode2 UEs: SLRB level in RRC message.


- For Idle/Inactive/OOC UEs: SLRB level in SIB/pre-configuration message.

In this contribution, we discuss the left issues on HARQ procedure design.
2 Discussion
2.1 Issue-1: How long for RX-UE to keep the HARQ buffer
In LTE, the Rx-UE has full knowledge of HARQ initial/re-transmission, including
· Whether re-transmission is enabled (LTE V2X is limited to 1 re-transmission only);

· Whether the current transmission is initial or re-transmission (If re-transmission is enabled);

· What the time/frequency location of initial and re-transmission is (If re-transmission is enabled);
However, given the current RAN1 decision
Agreements:
•
Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool


o
The priority is the one signaled in SCI

o
This includes both blind and feedback-based HARQ (re)-transmission

•
The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total
Given the maximum number of re-transmission as 32, it is unlikely that SCI is designed in a way that the Rx-UE can get full information of all HARQ transmission via each SCI. I.e., by receiving one SCI, the Rx-UE can hardly know
· Whether there would be further re-transmission;
· Whether the current transmission is initial or re-transmission;

· What the time/frequency location of initial and re-transmission is;

Therefore, the RX-UE has to decide whether to keep the HARQ buffer to wait for further re-transmission of the concerned TB (in case reception failure), or use the HARQ buffer for reception of other TB.
Observation 1 Without full information of HARQ re-transmission (i.e., different from LTE V2X), Rx-UE has to decide whether to keep or release each HARQ buffer.
According to the RAN1 agreement as follows
Agreements:
•
NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
And the conclusion from RAN1 email discussion [98b-NR-15]
Proposal 1

•
When reservation of a sidelink resource for a TB at least by an SCI associated with a different TB is disabled, NMAX is 4

o
SCI signaling is designed to allow to indicate 1 or 2 or 3 or 4 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool

o
Value ≤ 4 is (pre-)configured per resource pool

o
FFS size of window W

I.e., SCI in capable of indicating the reserved resource for one or multiple (less than 4) HARQ (re-)transmission. Considering that, it would be straightforward that at least the RX-UE has to maintain the Rx HARQ buffer until the last re-transmission has been received. As shown in the following figure, since a PSCCH at time T1 indicates the re-transmission resource at T2, T3 and T4, at least Rx-UE has to maintain the HARQ buffer until T4 (if the decoding fails).
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Figure 1 Re-transmission resource reservation by PSCCH at T1
Observation 2 RAN1 agreed that PSCCH would indicate the reserved HARQ resource.

Then afterwards, there are two possibilities:
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Figure 2 Re-transmission resource reservation by PSCCH at T1/T2

· Case-A: Additional PSCCH are received after T1 and no later than T4, e.g., at T2, which reserve resources for further re-transmission after T4, e.g., at T5. In this case, Rx-UE can still maintain the Rx HARQ buffer following the indication by those PSCCH, i.e., similar to the behaviour as for PSCCH at T1.
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Figure 3 Re-transmission resource reservation by PSCCH at T1/T2/T3/T4

· Case-B: before T4, no further PSCCH is received to reserve resource after T4. In this case, the problem is how for Rx-UE to decide whether to further maintain the Rx HARQ buffer or to release it.
For the issue in case-B, it is related to RAN1 progress on SCI design, i.e., as summarized for [98b-NR-15], the SCI content design is still pending RAN1 conclusion at RAN1#99
Proposal 1

•
When reservation of a sidelink resource for a TB at least by an SCI associated with a different TB is disabled, NMAX is 4

o
SCI signaling is designed to allow to indicate 1 or 2 or 3 or 4 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool

o
Value ≤ 4 is (pre-)configured per resource pool

o
FFS size of window W

Proposal 2

•
When reservation of a sidelink resource for a TB at least by an SCI associated with a different TB is enabled, down-select in RAN1#99 between:

o
Alt. 1. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAXwithin window W at subsequent periods

•
FFS number of subsequent reservation periods

o
Alt. 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception to distinguish reservation for another TB), and at least one of NMAX resources can be signaled beyond window W

In other words, based on RAN1 progress till now, it is still unclear

· Whether case-B is possible, or case-A would be the typical case? 
· If case-B is possible, is there any time domain restriction for TX-UE to reserve a subsequent re-transmission. E.g.: 

· 1) It is not clear whether the window W would be a restriction for UE to reserve subsequent re-transmission resource, even if case-B happens.
· 2) According to LTE behaviour, it would trigger resource reselection due to either a specific number of reservation interval or a specified length of timer period. Considering resource reselection will cause HARQ flushing, it is not preferred for Rx-UE to keep the HARQ buffer if the interruption is longer than the trigger of resource reselection.
-
if neither transmission nor retransmission has been performed by the MAC entity on any resource indicated in the configured sidelink grant during the last second; or

-
if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the configured sidelink grant is equal to sl-ReselectAfter; or

· 3) Since RAN1 has already agreed that the maximum HARQ re-transmission is per-pool/CBR/priority configured, and would be less than 32, and if combining with the length of window W (which is to be further discussed in RAN1), there would be an upper bound for re-transmission time length for a single TB. Obviously, it is not preferred for Rx-UE to keep the HARQ buffer longer than the upper bound of re-transmission delay.
Therefore, it is proposed that RAN2 firstly try to agree on the Rx HARQ buffer maintenance at least till the latest reserved HARQ resource, and further discuss whether/how to further keep the Rx HARQ buffer after that, after RAN1 progress on HARQ resource reservation and SCI design.
Observation 3 It is still unclear whether case-B is possible, and if that is possible, what is the detailed behaviour to reserve HARQ re-transmission resource and triggering for initial/re-transmission resource reselection.
Proposal 1 Rx UE keep the HARQ buffer at least till the latest reserved re-transmission resource indicated by PSCCH. FFS whether / how for Rx UE to further keep the HARQ buffer afterwards, pending RAN1 progress.
Another follow-up issue is, no matter which condition is used by Rx UE to decide not to keep the HARQ buffer, what the expected UE behaviour
· Issue-1: if there is other data transmission to receive (from other UE, or for other HARQ process), whether the UE should make use of the concerned HARQ buffer for the new reception? The question here is the new reception may be of a higher or a lower priority, compared to the data in the HARQ buffer;
· Issue-2: Or if there is no other data transmission to receive, whether the UE should keep the HARQ buffer as it is, to wait for further reception from the same address and same HARQ process. Please note that here there is a risk of NDI being toggled twice.

Proposal 2 RAN2 to further discuss the HARQ handling buffer after UE decides not keep the current HARQ buffer, for both cases where there is and there is no new data transmission to receive.
2.2 Issue-2: 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.
Firstly, for the selection of option-2:

· In case group size information or member ID information is not provided by upper layer, option-1 would be the only selection;

· In case group size information and member ID information is provided by upper layer, both option-1 and option-2 can be selected;

In the latter case, it seems straightforward for network to make decision for RRC_CONNECTED UE, i.e., by utilizing report from UE, on the information of group size. 
Proposal 3 For RRC_CONNECTED UE, UE reports group size information to RAN for group-cast traffic. And up to RAN to configure HARQ option-1/2 per group, i.e., destination address.

Yet it is problematic for RRC_INACTIVE/IDLE and out-of-coverage UE, where there is no such UE reporting possibility. In this scenario, in group-size information available to AS-layer, it seems easier 
· Either to fix it to option-2;

· Or leave as configurable by SIB and pre-configurable, i.e., one bit for all groups;

Proposal 4 For RRC_IDLE/INACTIVE UE and out-of-coverage UE, RAN2 discuss to either always select HARQ option-2 or up to SIB/Pre-configuration to configure HARQ option-1 or HARQ option-2 when upper layer provides group size information
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
Without full information of HARQ re-transmission (i.e., different from LTE V2X), Rx-UE has to decide whether to keep or release each HARQ buffer.
Observation 2
RAN1 agreed that PSCCH would indicate the reserved HARQ resource.
Observation 3
It is still unclear whether case-B is possible, and if that is possible, what is the detailed behaviour to reserve HARQ re-transmission resource and triggering for initial/re-transmission resource reselection.


And thus we propose:
Proposal 1
Rx UE keep the HARQ buffer at least till the latest reserved re-transmission resource indicated by PSCCH. FFS whether / how for Rx UE to further keep the HARQ buffer afterwards, pending RAN1 progress.
Proposal 2
RAN2 to further discuss the HARQ handling buffer after UE decides not keep the current HARQ buffer, for both cases where there is and there is no new data transmission to receive.
Proposal 3
For RRC_CONNECTED UE, UE reports group size information to RAN for group-cast traffic. And up to RAN to configure HARQ option-1/2 per group, i.e., destination address.
Proposal 4
For RRC_IDLE/INACTIVE UE and out-of-coverage UE, RAN2 discuss to either always select HARQ option-2 or up to SIB/Pre-configuration to configure HARQ option-1 or HARQ option-2 when upper layer provides group size information
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