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At the RAN1#107-e meeting, the following agreements were made regarding PUCCH enhancements [1]:
Agreement 
For a PUCCH resource to transmit a PUCCH without an associated scheduling DCI (e.g. P/SP-CSI or SR), if the PUCCH resource is configured with RRC parameter “nrofSlots-r17”, “nrofSlots-r17” is ignored and the RRC parameter “nrofSlots” is used for determining the repetition factor of the specific PUCCH resource.
Agreement
The following use case 5 of PUCCH DMRS bundling is not supported in Rel-17
· Use case 5: PUCCH repetitions across non-consecutive slots.
· Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
· Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions
Agreement  
For PUCCH DMRS bundling, when appliable, reuse the procedure developed for PUSCH DMRS bundling to determine configured TDW(s) and actual TDW(s).
· FFS: events for PUCCH actual TDW(s)
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”
· FFS: DMRS bundling should be restarted in case of frequency hopping event
· FFS: whether same or separate RRC configuration(s) for hopping interval and configured TDW. 
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.

· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured
In the contribution, we discuss remaining issues for PUCCH enhancements. Our views on enhancements on PUSCH repetition type A, TB processing over multi-slot PUSCH and joint channel estimation for PUSCH are described in our companion contributions [2], [3] and [4], respectively. 
Discussion on dynamic repetition factor indication
At the RAN1#106-e meeting, it was agreed to enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource for dynamic PUCCH repetition factor indication. Further, it was agreed that dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17 [5]. This is due to the fact that SR or P/SP-CSI on PUCCH is configured by RRC signalling, where UCI payload size is semi-statically determined. In this case, it is not reasonable to dynamically change the PUCCH repetition factor when PUCCH is used to carry semi-static UCI information.  
Note that as defined in Rel-15, a PUCCH resource carrying HARQ-ACK feedback of SPS PDSCH which is not associated with or activated by a DCI is configured by higher layers. The same logic as mentioned above can also be applied for the HARQ-ACK of SPS PDSCH. More specifically, dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI is not supported.
Proposal 1
· Dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI is not supported. 

Discussion on joint channel estimation for PUCCH
At the RAN1#106b-e meeting, it was agreed to introduce two RRC parameters to indicate enabling of DM-RS bundling and the window length of the configured TDW respectively. Further, the window length L of the RRC configured TDW is configured separately for PUSCH and PUCCH [6].  Following the same design principle, it is straightforward to introduce two RRC parameters to indicate enabling of DMRS bundling and the TDW length for joint channel estimation of PUCCH. 
In NR, short PUCCH formats including PF0 and PF2, and long PUCCH formats including PF1, PF3 and PF4 were specified. For the configuration of DMRS bundling for PUCCH repetition, several options were considered as follows:
· Option 1: DMRS bundling for PUCCH repetition is configured per UL BWP
· Option 2: DMRS bundling for PUCCH repetition is configured per PUCCH format or PUCCH resource.
It is evident that Option 2 can provide more flexibility for DMRS bundling feature for PUCCH repetition. For instance, gNB may only configure DMRS bundling for long PUCCH format, but not for short PUCCH format. However, this would unnecessarily increase the signalling overhead while the benefit is not clear. Further, for Option 2, when DMRS bundling is configured for one PUCCH format/resource, but not for another, it implies the dynamic enabling/disabling DMRS bundling in case of dynamic HARQ-ACK feedback. This may complicate UE implementation as UE may need to dynamically change the state of RF component in order to maintain phase continuity and power consistency. Based on the discussions above, it is more desirable to support Option 1, i.e., DMRS bundling for PUCCH repetition is configured per UL BWP. 
Note that similar design principle can be applied for the configuration of time domain window length for joint channel estimation of PUCCH repetition. In particular, time domain window length for PUCCH repetition is configured per UL BWP. In our view, finer granularity on the configuration of time domain window length may not be necessary as this would increase the signalling overhead and may indicate the dynamic change of time domain window length for DMRS bundling, e.g., when a new PUCCH resource is generated. 
Proposal 2
· DMRS bundling for PUCCH repetition is configured per UL BWP. 
· Time domain window length for PUCCH repetition is configured per UL BWP. 

Discussion on enhanced inter-slot frequency hopping 
At the RAN1#107-e meeting, for the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, Option 1 was agreed, where hopping intervals can be determined independently from configured TDW determination [1]. Note that the Option 1 can provide appropriate tradeoff between frequency diversity gain and channel estimation gain. This can also achieve maximal flexibility on the frequency resource allocation in the network, e.g., to avoid resource fragmentation for different UEs. 
In Rel-15/16, inter-slot frequency hopping pattern for PUSCH repetition is defined based on physical slot index, as captured below in [7]. Following the same design principle, in case of inter-slot frequency hopping with inter-slot bundling, frequency hopping pattern can also be determined based on physical slot index, which can help achieve backward compatibility for the legacy design. 
	
In case of inter-slot frequency hopping, the starting RB during slot  is given by:

	, 



where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.



However, for PUCCH repetition, frequency hopping pattern is determined based on relative physical slot index in case of inter-slot frequency hopping, where the slot with first repetition is considered as slot 0 for the first hop [8]. In this case, for backward compatibility, it would be more desirable to also define the frequency hopping pattern for inter-slot frequency hopping with inter-slot bundling based on relative physical slot index for PUCCH repetition.  
	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot


Proposal 3
· For inter-slot frequency hopping with inter-slot bundling
· For PUSCH repetition, frequency hopping pattern is determined based on physical slot index. 
· For PUCCH repetition, frequency hopping pattern is determined based on relative physical slot index. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed remaining issues for PUCCH enhancements. Further, we summarize the proposals as follows:
Proposal 1
· Dynamic PUCCH repetition factor indication for HARQ-ACK of SPS PDSCH which is not associated with or activated by a DCI is not supported. 
Proposal 2
· DMRS bundling for PUCCH repetition is configured per UL BWP. 
· Time domain window length for PUCCH repetition is configured per UL BWP. 
Proposal 3
· For inter-slot frequency hopping with inter-slot bundling
· For PUSCH repetition, frequency hopping pattern is determined based on physical slot index. 
· For PUCCH repetition, frequency hopping pattern is determined based on relative physical slot index. 
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