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Introduction
The work item for NR V2X was concluded in RAN#86. A task list was created in RAN#86 [1] in order to identify the remaining issues that need to be resolved. The following issues are in relation to the Mode 1 resource allocation:
	Task list for 5G V2X [1]
D4. Remaining details of UE behavior in reporting SL HARQ-ACK 



In the previous meeting in RAN1#100bis-e [2], the following agreements were made:
· The working assumption (as in proposal 3 in the summary) from RAN1#100-e is confirmed.
In RAN1#100-e [3], the following working assumption was made:
· In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is: FFS).
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In this contribution, we explore the contents of the HARQ-ACK report sent to the gNB by the UE.

HARQ-ACK Reporting to the gNB
In Mode 1, when the gNB provides PUCCH resources for feedback in the configuration of a configured grant, the UE is expected to provide a HARQ-ACK report to the gNB. This is so that the gNB is aware of the transmission status of TBs using the configured grant, and, if the transmission was unsuccessful, the gNB may provide additional resources for retransmission using dynamic grants. The exception to the aforementioned feature is when the UE has already retransmitted a TB for the maximum number of permissible retransmissions.
It was agreed in the previous meeting [2] that the UE is expected to use the HARQ-ACK report to send one bit in the case where the maximum number of HARQ retransmissions have been reached, while the content of this report and the UE behaviour was left FFS. The UE behaviour varies depending on the type of grant from which the retransmissions were carried out. The following sub-sections elaborate on this aspect.
Dynamic Grants
It was agreed in RAN1#99 [4] that for a dynamic grant, the maximum number of retransmissions for a specific TB is decided by the gNB. Since only a single TB can be transmitted using the resources of a dynamic grant, the gNB has complete control of the number of retransmissions for the given TB. The DCI format 3_0 can indicate a maximum of only 3 resources per dynamic grant, and with the appropriate HARQ-ACK reporting from the UE, the gNB can easily manage to control the number of retransmissions carried out for the TB.
Observation 1: The gNB has complete control in managing the number of retransmissions of a given TB that uses the resources of a dynamic grant. Hence the UE should generate the HARQ-ACK report with the same value from the PSFCH reception for dynamic grants.

Configured Grants
For configured grants, it was agreed in RAN1#99 [4], that the maximum number of retransmissions for a TB using resources of the grant can be configured per priority per configured grant. This essentially means that the maximum number of retransmissions is configured per grant, but is to be enforced by the UE. This is because although the configured grant is provided by the gNB, it is not restricted to be used for a single TB. On the contrary, the UE can use the resources within the grant for multiple TBs of the same priority. Hence, although the restriction on the maximum number of retransmissions per TB is also provided in the configuration of the configured grant, it is up to the UE’s discretion as to which specific TB, of the same priority, to transmit using the resources of the given grant. 
Observation 2: It is the responsibility of the UE to enforce the maximum number of permissible retransmissions of a given TB that uses the resources of a configured grant. 

Although it is up to the gNB to provide additional resources on receiving a NACK from the UE, it is clear that when the gNB receives an ACK from the UE, it will not be providing additional resources using a dynamic grant. For the gNB to efficiently provide dynamic grants for TBs that require retransmissions, it is pertinent that the gNB can differentiate between the TBs that require additional resources using dynamic grants, and TBs that have already reached the maximum number of retransmission attempts and do not need additional resources from the dynamic grants. 
Based on this, if the UE has attempted to transmit a given TB for the maximum number of permissible retransmissions, the UE must inform the gNB that it has reached the maximum number of attempts possible. This is so that the gNB knows that the transmission of the particular TB was unsuccessful, and that it does not have to provide a dynamic grant with additional resources for further retransmissions. If the UE were to simply forward the NACK it received from the RX UE to the gNB, the gNB would not be aware of the fact that the maximum number of retransmissions were reached. Therefore, the gNB would assume the NACK to be just yet another failed retransmission attempt, and could provide a dynamic grant in response to the NACK. 
Hence, we propose that when using configured grants, once the UE has reached the maximum number of retransmissions for a given TB, it reports an ACK to the gNB. When the gNB receives an ACK, its natural behaviour is to not provide further resources using dynamic grants. Essentially, it is the same behaviour as when the packet was successfully received by the RX UE.
For example, consider a UE being configured with a configured grant which can indicate 3 resources, and a short configured grant periodicity, sl-PeriodCG. The grant supports the transmission of TBs with a priority of 6, and each TB has been restricted to a maximum retransmission number of 5, as indicated by sl-Priority and sl‑MaxTransNum, respectively, within the IE SL-CG-MaxTransNum. This is depicted in Figure 1, where the UE is attempting to transmit 3 TBs of the same priority 6, over 4 periods of the configured grant. The red outline indicates a failed transmission, while the green outline indicates a successful one. 
In the first period of the configured grant, it can be seen that there were 3 unsuccessful attempts to transmit TB 1, and hence the UE would report a NACK to the gNB. In the second period, TB 1 is transmitted successfully in the first resource, followed by 2 failed transmissions for TB 2. Here again, the UE would report a NACK to the gNB. In response to either of these cases, the gNB can choose to provide additional resources using a dynamic grant to the UE, and would not violate the restriction on the maximum number of retransmissions of the TB since it is set to 5.
[image: ]
Figure 1: Example to show the need for UE to report ACK once a TB has reached the maximum number of retransmissions using resources from a configured grant

However, if the gNB does not provide a dynamic grant for the transmission of TB 2 at the end of the 2nd period, the UE will further attempt to retransmit TB 2 in the third period. As seen in the diagram, the UE has attempted 3 further failed retransmissions of TB 2, making the total number of retransmission attempts to 5, which is equal to the maximum number of permissible retransmissions for a TB. If the UE reports a NACK to the gNB, the gNB may provide further resources for retransmission of TB 2, when it has already reached the maximum limit. Hence it is vital for the UE to inform the gNB that the maximum number of retransmissions have already been attempted, and that no further retransmissions are required for TB 2. This can be achieved by reporting an ACK to the gNB.
In the fourth period, it can be seen that TB 3 was transmitted three times, with the third attempt being successful. This would result in the UE reporting an ACK to the gNB. For the ACK that was reported after the third period and the fourth period, the response of the gNB is the same – to not provide further resources to the UE in the form of a dynamic grant.
Proposal 1: When a TB has been unsuccessfully retransmitted the maximum number of times permissible on the resources indicated by a configured grant, the UE reports an ACK to the gNB to indicate that it does not require any further resources for retransmission in the form of a dynamic grant.

Configured + Dynamic Grants
In the case where the UE has reported a NACK to the gNB, which in response provides further retransmission resources using a dynamic grant, the gNB continues to control the maximum number of retransmissions permissible using dynamic grants. Although the gNB is not aware of the number of retransmission attempts that have been carried out by the UE using the configured grants, the only way the gNB can distinguish whether the maximum number of retransmissions for the given TB was reached depends on the HARQ-ACK report from the UE. If the maximum number was not reached, the gNB can configure the maximum number of further retransmissions for the TB using dynamic grants. If the maximum number was reached, the gNB should not waste further resources for attempting a retransmission of the TB using dynamic grants.
Proposal 2: When a TB has been retransmitted unsuccessfully on the resources indicated by a configured grant, but have not reached the maximum number of retransmissions permissible, the UE reports a NACK to the gNB. It is up to the gNB to provide further resources for retransmission using dynamic grants, and to decide the maximum number of retransmissions for the TB.

Text Proposals for TS 38.213, Section 16.5
============================ Start of TP for TR 38.213 ===========================
[bookmark: _Toc29673242][bookmark: _Toc29673383][bookmark: _Toc29674376]16.5	UE procedure for reporting HARQ-ACK on uplink
A UE can be provided PUCCH resources or PUSCH resources [12, TS 38.331] to report HARQ-ACK information that the UE generates based on HARQ-ACK information that the UE obtains from PSFCH receptions, or from absence of PSFCH receptions. 
For SL configured grant Type 1 or Type 2 PSSCH receptions by a UE within a time period provided by periodSlCG, the UE generates one HARQ-ACK information bit in response to the PSFCH receptions to multiplex in a PUCCH transmission occasion that is after a last time resource, in a set of time resources. For the content of the HARQ-ACK report, the UE generates an ACK if the maximum number of retransmissions, provided by sl-MaxTransNum for a corresponding sl-Priority is reached.
For each PSFCH reception occasion, from a number of PSFCH reception occasions that the UE generates HARQ-ACK information to report in a PUCCH or PUSCH transmission, the UE can be indicated by higher layers to perform one of the following and the UE constructs a HARQ-ACK codeword with HARQ-ACK information, when applicable.
================================ Text omitted ================================
============================ End of TP for TR 38.213 ===========================

Proposal 3: We propose to update Section 16.5 of TS 38.213, as depicted in Section 2.4 of this document.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we have the following observations and proposals:
Observation 1: The gNB has complete control in managing the number of retransmissions of a given TB that uses the resources of a dynamic grant. Hence the UE should generate the HARQ-ACK report with the same value from the PSFCH reception for dynamic grants.
Observation 2: It is the responsibility of the UE to enforce the maximum number of permissible retransmissions of a given TB that uses the resources of a configured grant. 
Proposal 1: When a TB has been unsuccessfully retransmitted the maximum number of times permissible on the resources indicated by a configured grant, the UE reports an ACK to the gNB to indicate that it does not require any further resources for retransmission in the form of a dynamic grant.
Proposal 2: When a TB has been retransmitted unsuccessfully on the resources indicated by a configured grant, but have not reached the maximum number of retransmissions permissible, the UE reports a NACK to the gNB. It is up to the gNB to provide further resources for retransmission using dynamic grants, and to decide the maximum number of retransmissions for the TB.
Proposal 3: We propose to update Section 16.5 of TS 38.213, as depicted in Section 2.4 of this document.
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