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Introduction
[bookmark: _Hlk22834419]This contribution discusses remaining aspects related to enhancements for PUCCH. RAN1#106bis-e agreements [1] are listed in the Appendix. 

Dynamic PUCCH repetition factor indication
In RAN1#106bis-e [2] it was discussed the following proposed conclusion:

In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1 106e does not apply to HARQ-ACK for SPS PDSCH except for the following two cases
· FFS: HARQ-ACK for the first SPS PDSCH associated with the activation DCI. 
· HARQ-ACK corresponding to the SPS release DCI 
Note: HARQ-ACK for the first SPS PDSCH associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI are categorized as PUCCH with associated scheduling DCI


In the above, the referred agreement in RAN1#106-e is the following:
Agreement in RAN1#106-e
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


As per RAN1#106-e agreement, if a scheduling DCI associated to a PUCCH exists, the repetition factor for such PUCCH can be configured per PUCCH resource.  The question is whether the PUCCH carrying the HARQ-ACK is associated to a scheduling DCI for the two cases:
a) HARQ-ACK for the first SPS PDSCH associated with the activation DCI 
b) HARQ-ACK corresponding to the SPS Release DCI

Case a)
[bookmark: _Hlk85535307]In 9.2.3 of TS 38.213, the following is captured. The first SPS PDSCH reception is without a corresponding PDCCH as the DCI is not a scheduling DCI – the SPS PDSCH reception is according to the SPS-Config, not according to the activation (non-scheduling) DCI. 
	If a UE is not provided SPS-PUCCH-AN-List and transmits HARQ-ACK information corresponding only to a PDSCH reception without a corresponding PDCCH, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK information is provided by n1PUCCH-AN.




In TS 38.331, the following is captured. The SPS-Config includes n1PUCCH-AN which is an ID to a PUCCH resource included in PUCCH-Config. It is a single PUCCH resource, hence a dynamic indication is N/A.

	sps-PUCCH-AN-List
Indicates a list of PUCCH resources for DL SPS HARQ ACK. The field maxPayloadSize is absent for the first and the last SPS-PUCCH-AN in the list. If configured, this overrides n1PUCCH-AN in SPS-config.


-- ASN1START
-- TAG-SPS-CONFIG-START

SPS-Config ::=                  SEQUENCE {
    periodicity                     ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
                                                        spare6, spare5, spare4, spare3, spare2, spare1},
    nrofHARQ-Processes              INTEGER (1..8),
    n1PUCCH-AN                      PUCCH-ResourceId                                                                OPTIONAL,   -- Need M
    mcs-Table                       ENUMERATED {qam64LowSE}                                                         OPTIONAL,   -- Need S
    ...,
    [[
    sps-ConfigIndex-r16             SPS-ConfigIndex-r16                                                             OPTIONAL,   -- Cond SPS-List
    harq-ProcID-Offset-r16          INTEGER (0..15)                                                                 OPTIONAL,   -- Need R
    periodicityExt-r16              INTEGER (1..5120)                                                               OPTIONAL,   -- Need R
    harq-CodebookID-r16             INTEGER (1..2)                                                                  OPTIONAL,   -- Need R
    pdsch-AggregationFactor-r16     ENUMERATED {n1, n2, n4, n8 }                                                    OPTIONAL    -- Need S
    ]]
}

-- TAG-SPS-CONFIG-STOP
-- ASN1STOP




Case b) 
In 9.2.3 of TS 38.213, it is mentioned ‘UE detects a DCI format indicating a SPS PDSCH release’. Thus, case b) is supported by the agreement in RAN1#106-e.

Based on the above analysis, we propose to agree to the following conclusion.


Proposal 1: Conclusion
In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1#106-e does not apply to HARQ-ACK for SPS PDSCH except for 
· HARQ-ACK corresponding to the SPS release DCI 
Note: The resource for HARQ-ACK for the first SPS PDSCH associated with the activation DCI is configured in SPS-Config by n1PUCCH-AN as a single PUCCH resource.  


DMRS bundling across PUCCH repetitions
In RAN1#106bis-e [2] it was agreed the following:

Agreement: 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering. One option of the following options is to be selected.   
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”
Note: option 1, and 2, and 3 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW. 


When a UE is configured with frequency hopping and with DM-RS bundling, if the length of the TDW is not configured, the UE should use the frequency hop as the configured TDW length. Then if an event that interrupts the DM-RS bundling occurs, the UE would follow the rules that have been agreed in AI 8.1.1.3 to determine the actual TDW(s). If instead the TDW length L is configured, the UE uses the configured TDW subject to the constraint that L can’t be larger than the duration of a frequency hop in order to maintain phase consistency over the TDW. If the configured TDW length L is larger than the duration of a frequency hop, the actual TDW would be equal to the frequency hop. 

From the options in the RAN1#106bis-e agreement, Option 1 seems aligned with our understanding. It would be better to clarify the behaviour when the configured TDW length is configured and when it is not configured, however given the requirement of phase continuity within a TDW it is not possible to have an actual TDW length larger than the duration of a frequency hop.


Proposal 2: When a UE is configured with frequency hopping and DM-RS bundling for PUCCH/PUSCH repetitions, the determination of the actual TDW is based on 
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”


Conclusion
This contribution discusses the remaining details for PUCCH coverage enhancement. The proposals made in this contribution are summarized as below:

[bookmark: _GoBack]
Proposal 1: Conclusion
In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1#106-e does not apply to HARQ-ACK for SPS PDSCH except for 
· HARQ-ACK corresponding to the SPS release DCI 
Note: The resource for HARQ-ACK for the first SPS PDSCH associated with the activation DCI is configured in SPS-Config by n1PUCCH-AN as a single PUCCH resource.  


Proposal 2: When a UE is configured with frequency hopping and DM-RS bundling for PUCCH/PUSCH repetitions, the determination of the actual TDW is based on 
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
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Appendix
RAN1#106bis-e 8.8.2 Agreements
	Agreement 
Dynamic signaling to enable/disable DMRS bundling for PUCCH or PUSCH repetitions is not supported in Rel-17.  

Agreement: 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering. One option of the following options is to be selected.   
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”
Note: option 1, and 2, and 3 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW. 

Agreement 
Support dynamic PUCCH repetition factor indication for all PUCCH formats including format 0, 1, 2, 3, 4 with a unified mechanism as agreed in RAN1#106e under agenda 8.8.2. 
Note: it does not impact the discussion of slot level or sub-slot level repetition
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