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Introduction
In Rel-18 NR NTN discussion on coverage enhancement [1], PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) is introduced. RAN1 has sent a LS regarding the signaling in Msg3 for UE capability/request of PUCCH repetition for Msg4 HARQ-ACK [2].
	1. Overall Description:
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.

	[bookmark: _Hlk135658640]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



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.




2. Actions
To TSG RAN WG2
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 paper, we discuss solutions of signaling UE capability/request of PUCCH repetition for Msg4 HARQ-ACK.
Discussion
As the Random Access procedure can be initiated by a PDCCH order, by the MAC entity itself, or by RRC events, the capability/request indication of PUCCH repetition for Msg4 HARQ-ACK should be contained in a signaling common to all initiates of RA. In this sense, the following options are feasible. 
Option 1: PRACH resource partition
Option 2: use a R bit in MAC subheader in Msg3 MAC PDU
Option 3: new LCIDs for CCCH and CCCH1 for a non-RedCap UE in Msg3 MAC PDU
Option 4: a new MAC CE with fixed size of zero bits in Msg3 MAC PDU
Proposal 1: RAN2 to discuss the following options for repetition request or UE capability indication of PUCCH repetition for Msg4 HARQ-ACK. 
Option 1: PRACH resource partition
Option 2: indicate by one R bit in a MAC subheader in Msg3 MAC PDU
Option 3: new LCIDs for CCCH and CCCH1 for a non-RedCap UE in Msg3 MAC PDU
Option 4: a new MAC CE with fixed size of zero bits in Msg3 MAC PDU
For option 1, NW provides separate PRACH resources for RA with PUCCH repetition for Msg4 HARQ-ACK and for RA without PUCCH repetition for Msg4 HARQ-ACK, respectively. This is similar to PRACH resource partition for Msg3 repetition. This option brings restrictions in resource selection for RA, but it aligns with the mechanism of Msg3 repetition. Considering a UE in poor channel condition that needs Msg3 repetition, it is highly likely the UE needs PUCCH repetition for Msg4 HARQ-ACK as well. Thus, NW can provide same PRACH partition for PUCCH repetition for Msg4 HARQ-ACK as for Msg3 repetition. An indicate of enabling PUCCH repetition for Msg4 HARQ-ACK is needed per RACH configuration. 
Proposal 2: If Option 1 is selected, NW indicates enabling PUCCH repetition for Msg4 HARQ-ACK enabled in RACH configuration.
For option 2, one R bit in a MAC subheader in Msg3 MAC PDU is used to indicate the request/capability of PUCCH repetition for Msg4 HARQ-ACK. Msg3 MAC PDU can include C-RNTI MAC CE or UL CCCH MAC SDU for a RRC message. For both cases, the following MAC subheader is used. Thus, one of the reserved bits can be used to indicate the request/capability of PUCCH repetition for Msg4 HARQ-ACK. Normally, the function of a MAC subheader is to provide information to decode its corresponding MAC subPDU, it seems not the convention to use a bit in MAC subheader as a UE behavior indication for a specific feature, but this option works for RA triggered by any reasons and does not impact the size of Msg3.


Proposal 3: If Option 2 is selected, if UL CCCH MAC SDU is included in Msg3 MAC PDU, the first or the second R bit in MAC subheader of UL CCCH MAC SDU in Msg3 MAC PDU is set to 1 to indicate the request/capability of PUCCH repetition for Msg4 HARQ-ACK.
[bookmark: _Hlk141801045]Proposal 4: If Option 2 is selected, if C-RNTI MAC CE is included in Msg3 MAC PDU, the first or the second R bit in MAC subheader of C-RNTI MAC CE in Msg3 MAC PDU is set to 1 to indicate repetition request/capability of PUCCH repetition for Msg4 HARQ-ACK.
For option 3, two new LCIDs are used for CCCH and CCCH1 for a non-RedCap UE that request or is capable of PUCCH repetition for Msg4 HARQ-ACK. But the issue of this option is that CCCH SDU may not be always included in Msg3. For Msg3 that does not containing UL CCCH SDU, this option does not work. 
Proposal 5: If option 3 is selected, discuss how to indicate request/capability of PUCCH repetition for Msg4 HARQ-ACK when Msg3 does not contain UL CCCH SDU.
For option 4, Msg3 MAC PDU includes a new MAC CE with fixed size of zero bits that is identified by a LCID or an eLCID to indicate the request/capability of PUCCH repetition for Msg4 HARQ-ACK. This option increases the size of Msg3, but can work for RA triggered by any reasons. 
Proposal 6: If option 4 is selected, discuss whether LCID or eLCID is used for the new MAC CE of request/capability indication for PUCCH repetition for Msg4 HARQ-ACK.
[bookmark: _GoBack]Furthermore, UE may behave differently when the indication is for capability report or for repetition request. For a UE capable of PUCCH repetition for Msg4 HARQ-ACK, repetition may not always be requested, and whether the repetition is needed should depend on the channel condition, as similar to Msg3 repetition. Therefore, a RSRP threshold should be used to determine whether the repetition is needed. If the RSRP of the downlink pathloss reference is less than the RSRP, UE can request PUCCH repetition for Msg4 HARQ-ACK. RAN1 has considered a RRC parameter for the RSRP threshold [3]. 
[image: ]
If the indication is for capability report, UE only need to report once in initial access and does not need to report in RRC_CONNECTED. Thus, the signal in Msg3 is not always needed in RA. 
Proposal 7: If Msg 3 includes the indication of UE capability of PUCCH repetition for Msg4 HARQ-ACK, discuss whether the indication is needed after initial access.
Conclusion
Based on the discussion, we have the following proposals.
Proposal 1: RAN2 to discuss the following options for repetition request or UE capability indication of PUCCH repetition for Msg4 HARQ-ACK. 
Option 1: PRACH resource partition
Option 2: indicate by one R bit in a MAC subheader in Msg3 MAC PDU
Option 3: new LCIDs for CCCH and CCCH1 for a non-RedCap UE in Msg3 MAC PDU
Option 4: a new MAC CE with fixed size of zero bits in Msg3 MAC PDU
Proposal 2: If Option 1 is selected, NW indicates enabling PUCCH repetition for Msg4 HARQ-ACK enabled in RACH configuration.
Proposal 3: If Option 2 is selected, if UL CCCH MAC SDU is included in Msg3 MAC PDU, the first or the second R bit in MAC subheader of UL CCCH MAC SDU in Msg3 MAC PDU is set to 1 to indicate the request/capability of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 4: If Option 2 is selected, if C-RNTI MAC CE is included in Msg3 MAC PDU, the first or the second R bit in MAC subheader of C-RNTI MAC CE in Msg3 MAC PDU is set to 1 to indicate repetition request/capability of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 5: If option 3 is selected, discuss how to indicate request/capability of PUCCH repetition for Msg4 HARQ-ACK when Msg3 does not contain UL CCCH SDU.
Proposal 6: If option 4 is selected, discuss whether LCID or eLCID is used for the new MAC CE of request/capability indication for PUCCH repetition for Msg4 HARQ-ACK.
Proposal 7: If Msg 3 includes the indication of UE capability of PUCCH repetition for Msg4 HARQ-ACK, discuss whether the indication is needed after initial access.
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'Working assumption

For PUCCH repetition for Msg4 HARQ-ACK,

+ A RSRP threshold can be configured via SIB at least when the
number of repetitions is configured by SIB.

o If the RSRP threshold is configured and the configured RSRP
threshold is smaller than X,

- UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits
repetition request if measured RSRP is lower than a RSRP
threshold.

o If the RSRP threshold is not configured, or if the configured RSRP
threshold is X,

- UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the
capability of PUCCH repetition for Msg4 HARQ-ACK

o FFS: value of X (the maximum configurable value of the RSRP
threshold)

'o Down-select one from the following alternatives for the RSRP
threshold.

- Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-
ThresholdMsg3-r17) is used.

- Alt B: New RSRP threshold is introduced.

+ Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK
transmits neither repetition request nor capability report

Unstable
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