3GPP TSG RAN WG2 Meeting #123
R2-2307526
Toulouse, France, 21 - 25 August, 2023                                                           
Source: 
Huawei, HiSilicon
Title: 
Higher layer signalling for PUCCH repetition for Msg4 HARQ-ACK
Agenda Item:
7.7.2
Document for:
Discussion and decision

1 Introduction
During the RAN2#122 meeting, an LS related to PUCCH repetition for Msg4 HARQ-ACK was received [1], providing RAN1’s working assumption that higher layer signalling in Msg3 PUSCH can be utilized as a container of the repetition request or capability report indicated by UE, and asking for RAN2’s feedback on the feasibility and details of the solution.
	RAN1 has discussed how UE reports information related to PUCCH repetition for Msg4 HARQ-ACK and reached the following working assumption. It is noted that this working assumption will be confirmed if Option B is feasible from RAN2 perspective.
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.

· Option B: Higher layer signaling in Msg3 PUSCH
……

ACTION: 
RAN1 respectfully asks RAN2 to provide feedback on the feasibility of Option B, and if feasible, to specify the details of Option B.


In this contribution, we discuss possible options to support the Msg3-based request or capability report for the PUCCH enhancement for Msg4 HARQ-ACK.
2 Discussion

According to the RAN1 LS [1], the repetition request or capability report for the PUCCH repetition for Msg4 HARQ-ACK is two-state information which represents “request/capability” or “no indication”.
	It is noted that an additional working assumption was reached for repetition request or capability report.

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.

· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.

· Note: repetition request and capability report are defined as in the working assumption reached at RAN1#112.



From RAN2 perspective, there are several ways to realize the Msg3-based signalling including:
· Option 1: use specific CCCH/CCCH1 with new LCID(s)
· Option 2: use specific CCCH/CCCH1 with new eLCID(s)

· Option 3: use the spare bit in existing Msg3 RRC messages (i.e. RRCSetupRequest / RRCResumeRequest / RRCResumeRequest1)
· Option 4: introduce new larger RRC messages
· Option 5: introduce a new MAC control element

· Option 6: use the R bit in MAC sub-header for Msg3 MAC SDU
For Option 1, similar to the Msg3-based early identification of R17 RedCap UEs, it is straightforward to define two new LCIDs for CCCH and CCCH1 respectively, which involves minor spec work. However, there is an issue that the amount of reserved LCIDs is limited, only seven values are left for UL-SCH. According to the R18 eRedCap running CR [2], two reserved LCIDs are to be utilized for R18 eRedCap UE identification, which means there are actually only five values left. Besides, other R18 WIs e.g. MUSIM, XR, may also use new LCIDs. If we consider the combination of these features and other potential use in the future, more LCIDs are required. As a result, the current LCIDs may not be enough. 
Observation 1: LCID(s) can be used for indicating the request/capability of Msg4 HARQ-ACK repetition, but the amount of reserved LCIDs is limited as several R18 WIs may require new LCIDs.

For Option 2, compared with LCIDs, eLCIDs have much more reserved values, thus this could be a candidate for satisfying the extension requirement from multiple WIs. This solution, however, increases the size of Msg3 since the eLCID requires more bits in the MAC subheader (one or two octets), therefore the UL coverage may be impacted.
Observation 2: eLCID(s) which have adequate reserved values can satisfy the extension requirement for multiple WIs but with the cost of affecting the UL coverage for Msg3 transmission.
For Option 3, this solution is also simple without a large spec impact. However, considering that there is only one spare bit in the existing Msg3 RRC messages, Option 3 is not optimal in terms of future extendibility. The remaining bit may be needed for more critical use cases.
Observation 3: The spare bit in RRCSetupRequest / RRCResumeRequest / RRCResumeRequest1 messages can be used for indicating the request/capability of Msg4 HARQ-ACK repetition but the solution is not future-proof since there is only one bit left.

For Option 4, introducing new larger RRC messages can solve the issue of future extendibility (i.e. the drawback of Option 3), but similar to Option 2, with the cost of increasing the size of Msg3 and thus deteriorating the transmission performance, which may negatively impact the RACH procedure. Besides, the standard workload for this option is higher. Therefore, we think this is not the preferred way.
Observation 4: Introducing larger RRC messages for indicating the request/capability of Msg4 HARQ-ACK repetition may negatively impact the RACH performance and requires more standard efforts.

For Option 5, a new MAC CE can be included in Msg3 as the repetition request or capability report. This solution, however, has obviously much more spec impacts than other options. Not only the format of the new MAC CE should be designed, but also the logical channel prioritization (LCP) procedure needs to be enhanced by defining the priority of the new MAC CE such that the multiplexing and assembly function can be performed normally. In addition, this option has a similar drawback to Option 2 (eLCID) and Option 4 (larger RRC messages) since the new MAC CE should be included together with CCCH/CCCH1 messages in the Msg3 resources, which also increases the size of Msg3.
Observation 5: Introducing a new MAC CE for indicating the request/capability of Msg4 HARQ-ACK repetition requires the design of a new MAC CE format and enhancement of the LCP procedure, which has large spec impacts.

For Option 6, similar to Option 3 (i.e. spare bit in RRC messages), the solution is simple with limited spec impact, but it should also be noted there are only two R bits in the MAC subheader for the MAC SDU containing UL CCCH. This doesn’t solve the LCID shortage problem and other WIs may also want to use the R bits.
Observation 6: The R bit in MAC subheader for the MAC SDU containing UL CCCH can be used for indicating the request/capability of Msg4 HARQ-ACK repetition. But this doesn’t solve the LCID shortage problem and other WIs may also want to use the R bits.
Therefore, based on the above analysis, we think RAN2 could confirm that it is feasible to use higher layer signalling in Msg3 PUSCH for indicating repetition request/capability for Msg4 HARQ-ACK. 
Considering the UL coverage issue, Option 2 and Option 4 and Option 5 should be excluded. Among the remaining options, Option 1 is relatively more feasible, considering it has slightly more available values for use. But still coordination is needed across WIs to evaluate the current situation of potential usage of LCIDs and RAN2 should discuss how to solve this issue if needed.
Proposal 1: RAN2 confirms that it is feasible to use higher layer signalling in Msg3 PUSCH for indicating repetition request/capability for Msg4 HARQ-ACK.
Proposal 2: RAN2 assumes two new LCIDs are used for indicating repetition request/capability for Msg4 HARQ-ACK, corresponding to CCCH and CCCH1.
Proposal 3: Coordination is needed across WIs to evaluate the current situation of potential usage of LCIDs and RAN2 should discuss how to solve this LCID shortage issue if needed.
3 Conclusion

In this contribution, we analyse the feasibility and six possible solutions to support the Msg3-based request/capability signalling for PUCCH repetition for Msg4 HARQ-ACK. Observations and proposals are summarized below.
Observation 1: LCID(s) can be used for indicating the request/capability of Msg4 HARQ-ACK repetition, but the amount of reserved LCIDs is limited as several R18 WIs may require new LCIDs.

Observation 2: eLCID(s) which have adequate reserved values can satisfy the extension requirement for multiple WIs but with the cost of affecting the UL coverage for Msg3 transmission.
Observation 3: The spare bit in RRCSetupRequest / RRCResumeRequest / RRCResumeRequest1 messages can be used for indicating the request/capability of Msg4 HARQ-ACK repetition but the solution is not future-proof since there is only one bit left.

Observation 4: Introducing larger RRC messages for indicating the request/capability of Msg4 HARQ-ACK repetition may negatively impact the RACH performance and requires more standard efforts.

Observation 5: Introducing a new MAC CE for indicating the request/capability of Msg4 HARQ-ACK repetition requires the design of a new MAC CE format and enhancement of the LCP procedure, which has large spec impacts.

Observation 6: The R bit in MAC subheader for the MAC SDU containing UL CCCH can be used for indicating the request/capability of Msg4 HARQ-ACK repetition. But this doesn’t solve the LCID shortage problem and other WIs may also want to use the R bits.

Proposal 1: RAN2 confirms that it is feasible to use higher layer signalling in Msg3 PUSCH for indicating repetition request/capability for Msg4 HARQ-ACK.

Proposal 2: RAN2 assumes two new LCIDs are used for indicating repetition request/capability for Msg4 HARQ-ACK, corresponding to CCCH and CCCH1.

Proposal 3: Coordination is needed across WIs to evaluate the current situation of potential usage of LCIDs and RAN2 should discuss how to solve this LCID shortage issue if needed.
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