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Introduction

This contribution intends to discuss remaining issues on PUCCH repetition for Msg4 ACK based on progress in both RAN1 and RAN2.
Discussion

	-
Solutions that increase the msg3 size are excluded (e.g. eLCID cannot be used as a solution for this purpose)

-
RAN2 will discuss and find a solution in Rel-18

-
Use first R bit for LCID extension. It is only applied to UL, and for now only CCCH/CCCH1 and enabled by network.   FFS on details

-
An explicit indication from network will be added to enable this feature.  FFS on the details of signaling.  

-
A single CR will capture the extension and LCID value to be used.  Only the need for LCID value usage will be agreed by each individual session.  Combinations can be discussed in individual session and can be brought up to common session for discussion only if need.   MAC rapporteur will provide the CRs.     


Furthermore, it is agreed in main session that the first R bit is used or LCID extension for only CCCH/CCCH1 with the detailed requirement to be discussed in each individual session, including possible combination of features which can be brought up to main session if needed.

Observation 1: It is agreed that in Rel-18, the first R bit of MAC subheader for CCCH/CCCH1 can be used to extend LCID space with detailed usage to be decided by each individual session, including possible combinations.

	Agreements RAN2#123bis

RAN2 continues to focus on a solution to address PUCCH repetition for Msg4 HARQ-ACK in Msg3 only for random access procedure triggered by RRC connection establishment, RRC connection re-establishment or RRC connection resume, i.e. to CCCH/CCCH1 (in the future we can consider random access during RRC connected, depending on RAN1)


Since RAN2 has already confirmed that using Msg3 higher layer signalling to report UE capability of PUCCH repetition for Msg4 HARQ-ACK will be only considered scenarios in which CCCH/CCCH1 is sent. Considering the shortage of LCID spaces in existing specs, it is straightforward that the agreed LCID extension can be used to indicate UE’s capability for PUCCH repetition for Msg4 HARQ-ACK.
Observation 2: R18 only considers reporting UE capability of PUCCH repetition for Msg4 HARQ-ACK for random access procedure triggered by RRC connection establishment, RRC connection re-establishment or RRC connection resume, i.e. to CCCH/CCCH1.

Based on above observations below is proposed:
Proposal 1: In Rel-18, MAC subheader with LCID extension is used to indicate UE’s capability for PUCCH repetition for Msg4 HARQ-ACK.

How to indicate capability to support Msg4 feedback PUCCH repetition would require more discussion. During LCID extension discussion in main session there was large support to go for a more future proof approache which allows possible feature combination. The most popular example given is to support (e)RedCap in NTN which is quite promising. Considering that if (e)RedCap is to be supported in NTN, then use of Msg4 feedback PUCCH repetition for (e)RedCap UE is also needed to resolve the PUCCH link budget issue. 

Observation 3: There is support that Msg4 feedback PUCCH repetition is needed for (e)RedCap UE to resolve the PUCCH link budget issue, if they will be supported in NTN.
As analyzed in [2], there could be different approaches for indication using extended LCID space. One is to use legacy LCID fields. And the other is a more future proof way to introduce indication of UE capability, e.g., by introducing a new header format. If legacy LCID field is used, the LCID tables would be very long in order to list all possible combinations. While separate indication is more easy to implement in specs. 

Observation 4: Reusing LCID value to indicate, e.g., capability of PUCCH repetition for Msg4 HARQ-ACK, is straightforward but less future proof since all supported feature combinations will need to be listed in the LCID table.

Observation 5: Introducing new header format could be more future proof and easy to implement in specs.  
There are some companies reluctant to consider such combination in this release and would like to postpone it to R19, which maybe acceptable in R18 but is sub optimal. However, if RAN2 do intend to allow discuss a more proper way to make use of this extension, at least one R bit in the header is needed to keep the possibility to come up with a solution to address the possible feature combination properly, if LCID value is agreed to be used for report UE capability for PUCCH repetition for Msg4 HARQ-ACK. In this case, there will be 5 bits remains to indicate LCID space. It provides 32 codepoints to indicate different UE features which shall be sufficient for R18.

Observation 6: If LCID value is agreed to be used for reporting UE capability for PUCCH repetition for Msg4 HARQ-ACK, one more R bit is needed in the extended LCID header to allow possibility to discuss a solution to address the possible feature combination properly in the future
Observation 7: 5 bits of LCID space can still provides up to 32 codepoinst which is sufficient for R18.
Based on above observations, it is proposed to agree below two proposals as a set:
Proposal 2a: Two LCID values are used to indicate that UE is capable of PUCCH repetition for Msg4 HARQ-ACK for CCCH/CCCH1 respectively.
Proposal 2b: If LCID value is agreed to be used for reporting UE capability for PUCCH repetition for Msg4 HARQ-ACK, one additional R bit is included in the extended LCID header

Stage 3 details
Based on above below gives stage 3 details on the proposed header format and LCID tables if LCID is agreed:
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If LCID table is agreed, then the early Indication would be LCID as given in above figure. 

Below gives example LCID table for CCCH/CCCH1, without considering (e)RedCap UEs in NTN
Example Table   Values of Logical channel identity for CCCH/CCCH1
	Codepoint/Index
	LCID values

	0
	CCCH of a UE that is capable to perform PUCCH repetition for Msg4 HARQ-ACK.

	1
	CCCH1 of a UE that is capable to perform PUCCH repetition for Msg4 HARQ-ACK.

	3..31
	Reserved


Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 

Observation 1: It is agreed that in Rel-18, the first R bit of MAC subheader for CCCH/CCCH1 can be used to extend LCID space with detailed usage to be decided by each individual session, including possible combinations.

Observation 2: R18 only considers reporting UE capability of PUCCH repetition for Msg4 HARQ-ACK for random access procedure triggered by RRC connection establishment, RRC connection re-establishment or RRC connection resume, i.e. to CCCH/CCCH1.

Proposal 1: In Rel-18, MAC subheader with LCID extension is used to indicate UE’s capability for PUCCH repetition for Msg4 HARQ-ACK.

Observation 3: There is support that Msg4 feedback PUCCH repetition is needed for (e)RedCap UE to resolve the PUCCH link budget issue, if they will be supported in NTN.
Observation 4: Reusing LCID value to indicate, e.g., capability of PUCCH repetition for Msg4 HARQ-ACK, is straightforward but less future proof since all supported feature combinations will need to be listed in the LCID table.

Observation 5: Introducing new header format could be more future proof and easy to implement in specs.  
Observation 6: If LCID value is agreed to be used for reporting UE capability for PUCCH repetition for Msg4 HARQ-ACK, one more R bit is needed in the extended LCID header to allow possibility to discuss a solution to address the possible feature combination properly in the future.
Observation 7: 5 bits of LCID space can still provides up to 32 codepoinst which is sufficient for R18.
Proposal 2: Agree below proposals as a set:

P2a: Two LCID values are used to indicate that UE is capable of PUCCH repetition for Msg4 HARQ-ACK for CCCH/CCCH1 respectively.
P2b: If LCID value is agreed to be used for reporting UE capability for PUCCH repetition for Msg4 HARQ-ACK, one additional R bit is included in the extended LCID header
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