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1. Introduction
In RAN1 106-e meeting, several agreements about PUCCH have been achieved, and detailed mechanism about signaling to support time domain window was discussed as well, which can be summarized as follows:
	Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details



In this contribution, we will further discuss the remaining issues of the PUCCH enhancement based on above agreements.
1. Repetition number indication details
[bookmark: _Hlk83653266]The working assumption has been confirmed in the last meeting, and the remaining issue is RRC signaling details [1]. To support more flexible PUCCH repetition, PUCCH repetition factor can be configured per PUCCH resource. For example, network can configure a PUCCH resource#0 without repetition and PUCCH resource#1 with repetition, and both of these resources can be configured with the same PUCCH format. According to TS 38.331, PUCCH resource Id is configured for PUCCH-Resource, and repetition factor can be configured for the PUCCH resource, which can be optionally configured for each PUCCH resource. Thus, the network can explicitly indicate PUCCH repetition with PRI, and implicitly through starting CCE index when applicable. According to [2], RRC parameter PUCCH-nrofSlots-r17 is introduced and configured per resource, and the parent IE is PUCCH-Resource, and dynamic indication of number of PUCCH repetitions can be well supported by this signaling structure. An example is provided below.
PUCCH-Resource ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
    PUCCH-nrofSlots-r17                     ENUMERATED {n2,n4,n8}  OPTIONAL, -- Need R
	startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled } OPTIONAL, -- Need R
    secondHopPRB                            PRB-Id                 OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}
Figure 1. Dynamic PUCCH repetition configuration
[bookmark: _Ref83661644][bookmark: PP1][bookmark: _Hlk83655915]Proposal 1: RRC parameter ‘PUCCH-nrofSlots-r17’ is optionally configured under parent IE ‘PUCCH-Resource’.
1. DMRS bundling configuration granularity
For configuration of DMRS bundling for PUCCH repetitions, one remaining issue is that ‘the DMRS bundling granularity can be configured per UE, per UL BWP, per PUCCH resource or per PUCCH format’. According to RAN4 reply LS [3], it is not sure whether the max duration is band dependent, or FR dependent, thus DMRS bundling for PUCCH should be configured per FR or per band rather than per UE configuration. And it is more like a RAN4 issue rather than RAN1 issue, hence DMRS bundling configuration at the UE level may not be an appropriate granularity. Besides, PUCCH format 0 repetition in sub-slot level and repetition across slots have been supported in IIOT/MIMO. For a PUCCH format with no DMRS, it does not make sense to require UE to maintain phase continuity for DMRS bundling, hence DMRS bundling at the BWP level may not be a good option. In our opinion, configuration per resource or per format is preferred since they can achieve higher configuration flexibility. DMRS bundling configuration can be optionally configured for each PUCCH resource or for each PUCCH format. Moreover, since PUCCH format 0 is a kind of DMRS less format, DMRS bundling configuration is not applicable to PUCCH format 0. 
[bookmark: PP2]Proposal 2: DMRS bundling for PUCCH repetitions is configured per format or per resource.
· PUCCH format 0 or PUCCH resource with format 0 cannot be configured with DMRS bundling.
[bookmark: _Hlk83741055][bookmark: _Hlk83741147]To support DMRS bundling transmission, two RRC parameters may be needed, one is ‘PUCCH-DMRS-Bundling’ which enables/disables the PUCCH DMRS bundling, and the other is ‘PUCCH-TimeDomainWindowLength’ which configures the length of PUCCH time domain window. PUCCH-DMRS-Bundling can be configured per resource or per format as discussed above, while PUCCH-TimeDomainWindowLength can be configured per PUCCH-Config for simplicity. It means that the configured TDW length is same across each PUCCH format/resource. NW may use unified implementation for channel estimation when receiving PUCCH formats/resources with different formats/resources.
PUCCH-Config ::=                      SEQUENCE {
    ……
	PUCCH-TimeDomainWindowLength            FFS                    OPTIONAL, -- Need R
	……
    ]]
}
Figure 2. ‘PUCCH-TimeDomainWindowLength’ configuration 
PUCCH-Resource  ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
[bookmark: _Hlk83650991]    PUCCH-DMRS-Bundling                     ENUMERATED {enabled, disabled}  
																	OPTIONAL, -- Need R
	startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled } OPTIONAL, -- Need R
    secondHopPRB                            PRB-Id                 OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}
Figure 3. ‘PUCCH-DMRS-Bundling configuration’ per PUCCH resource
PUCCH-format1 ::=                               SEQUENCE {
	PUCCH-DMRS-Bundling                     		ENUMERATED {enabled, disabled}  
																	OPTIONAL, -- Need R
	initialCyclicShift                              INTEGER(0..11),
    nrofSymbols                                     INTEGER (4..14),
    startingSymbolIndex                             INTEGER(0..10),
    timeDomainOCC                                   INTEGER(0..6)
}
Figure 4. ‘PUCCH-DMRS-Bundling’ per PUCCH format (take format 1 as an example)
[bookmark: PP3]Proposal 3: ‘PUCCH-TimeDomainWindowLength’ is configured per PUCCH-Config.
1. Related RRC parameters
Based on the discussion in previous sections following RRC parameter should be introduced.
	Parameter Name
	RAN2 Parent IE
	RAN1 
spec/ section
	Values range
	New R17 vs
extension of R15/16
	UE-specific or Cell-specific
	Description
	RAN2 spec

	PUCCH-nrofSlots-r17
	PUCCH-resource
	38.213
	ENUMERATED
 {2, 4, 8}
	new
	UE-specific
	A new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication. The new repetition parameter is configured per PUCCH resource and should be in PUCCH-Resource.
	38.331

	PUCCH-DMRS -Bundling
	PUCCH-reource or PUCCH-format1/2/3/4
	38.213
	ENUMERATED {enabled, disabled}
	new
	UE-specific
	Enabling/disabling of DM-RS bundling and time domain window for PUCCH repetitions.
	38.331

	PUCCH-TimeDomainWindowLength
	PUCCH-Config
	38.213
	FFS
	new
	UE-specific
	Length of a configured time domain window in slots for DMRS bundling for PUCCH.
	38.331


1. Conclusion
In this contribution, we discussed remaining issues on dynamic indication of PUCCH repetition and DMRS bundling, and we have following proposals:
Proposal 1: RRC parameter ‘PUCCH-nrofSlots-r17’ is optionally configured under parent IE ‘PUCCH-Resource’.
Proposal 2: DMRS bundling for PUCCH repetitions is configured per format or per resource.
· PUCCH format 0 or PUCCH resource with format 0 cannot be configured with DMRS bundling.
Proposal 3: ‘PUCCH-TimeDomainWindowLength’ is configured per PUCCH-Config.
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