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Introduction
In the RAN1 #107-e meeting, the PUCCH enhancements was discussed focusing on the dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetition [1]. The agreements will be listed within the corresponding sections. 
In this contribution, we provide our views on the PUCCH enhancements.
Discussion
2.1 Applicability of dynamic PUCCH repetition factor indication
In the last meeting, the following agreements have been reached
	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



Dynamic PUCCH repetition is applied to PUCCH format 0 and 2 based on the agreements made under IIot/URLLC WI. Currently the repetition is slot-based, and sub-slot-based repetition is in FFS. The fact that we worry about is whether or not a CE UE has to support sub-slot-based repetition which is not necessary for PUCCH format 1, 3 and 4 repetition. The motivation to mix the functionality of URLLC and Coverage Enhancement is to reuse the same mechanism and reduce the workload, but the details and the differences between the slot-based and sub-slot-based repetition may still need more discussion.


Proposal 1: 
The details and the differences between the slot-based and sub-slot-based repetition may still need more discussion.
2.2 DMRS bundling across PUCCH repetitions
The DMRS bundling of PUCCH DMRS is similar with the joint channel estimation of PUSCH. The coverage could be improved due to the enhancements of the accuracy of channel estimations. The PUCCH repetition under the consecutive slots could be benefit from the DMRS bundling. The PUCCH repetition number could be reduced due to the improvement of channel estimation. Similar as joint channel estimation, the DMRS bundling should consider the power consistency, phase consistency, and the use of time-frequency resources. Since the frequency hopping is usually configured for the PUCCH transmission. The combination of frequency hopping and DMRS bundling should also discussed.

In the last meeting, the following agreements have been reached. 

	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



The legacy mechanism uses the parity of the physical slot to indicate how the UE perform UL transmission with FH. From our point of view, using physical slot makes it easier to match with the TDD slot duration.

Proposal 2:
Frequency hopping pattern should be determined by physical slot indices.

In the 106bis-e meeting, we discussed the TDW length L for PUSCH and PUCCH. The following agreement have been reached.
	Agreement
· The window length L of the RRC configured TDW is configured separately for PUSCH and PUCCH.
· For PUSCH, L is configured per BWP.
· FFS whether the window length L can be configured with each row in the TDRA table



The window length L of the RRC configured TDW is configured separately for PUSCH and PUCCH. From the perspective of flexibility, the configured TDW length of PUSCH and PUCCH can be different. The actual TDW is determined by both configured TDW and frequency hopping interval. As both configured TDW and frequency hopping interval are configured separately, the frequency hopping pattern could be different between PUCCH and PUSCH. Though the frequency hopping pattern could be diverse between PUCCH and PUSCH, the rule for the pattern determination could be unified to reduce the specification impact and simplify the implementation. 

Proposal 3:
The frequency hopping pattern could be different between PUCCH and PUSCH. But the determination rule can be unified to reduce the specification impact and simplify the implementation.


2.3 RRC configuration for DMRS bundling
One issue was raised during the 106e meeting and no conclusion had been reached. 

	Updated FL Question 2: the RRC configuration for DMRS bundling across PUCCH repetitions is 
· Option 1: per UE
· Option 2: per UL BWP
· Option 3: per PUCCH resource format 
· Option 4: per PUCCH resource  

Agreement(106b-e 8.8.1.3)
· The window length L of the RRC configured TDW is configured separately for PUSCH and PUCCH.
· For PUSCH, L is configured per BWP.
FFS whether the window length L can be configured with each row in the TDRA table

Agreement (107e 8.8.2)
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(105e 8.8.2)
For DMRS bundling for PUCCH repetitions, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements.
• Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible.



As we have discussed in the last meeting, in Rel-15/16, The IE PUCCH-Config, which is used to configure UE specific PUCCH parameters, is per UL BWP. So it seems inconvenient and unnecessary to use a finer granularity to configure DMRS bundling. For joint channel estimation used in PUSCH, the window length L is configured per BWP. To reuse the procedure developed for PUSCH DMRS bundling to determine configured TDW(s) and actual TDW(s), the RRC configuration for Length of a configured time domain window in slots for DMRS bundling for PUCCH. should be per UL BWP. The PUCCH format 0 is DMRS-less, so obviously the JCE cannot enable in PUCCH format 0. The IE PUCCH-Config takes effort to all the PUCCH format, which means further discussion is needed for PUCCH format 0 when the RRC parameter “PUCCH-DMRS-Bundling” is per BWP.

Proposal 4:
The DRMS bundling across PUCCH repetitions could be enabled or disabled per BWP through RRC configuration.

Proposal 5:
The configured TDW length L for PUCCH repetition could be configured per BWP through RRC configuration.

Proposal 6:
Further clarifications are needed for PUCCH format 0, if the RRC configuration for enable/disable DMRS bundling across PUCCH repetition is per UL BWP.


2.3 TPC command and TA command
The power control and TA command was fully discussed in the AI 8.8.1.3. The TA command was concluded as an event. And one working assumption was made for TPC command. For the DMRS bundling of PUCCH, the conclusion from AI 8.8.1.3 could be fully reused. 

Proposal 7：
The conclusion of PUSCH JCE for the TPC command and TA updates could be reused for DMRS bundling of PUCCH repetitions, 

Conclusions
In this contribution, we provide our views on the PUCCH enhancements. The proposals are as below.
Proposal 1: 
The details and the differences between the slot-based and sub-slot-based repetition may still need more discussion.

Proposal 2:
Frequency hopping pattern should be determined by physical slot indices.

Proposal 3:
The frequency hopping pattern could be different between PUCCH and PUSCH. But the determination rule can be unified to reduce the specification impact and simplify the implementation.

Proposal 4:
The RRC configuration for enable/disable DMRS bundling across PUCCH repetition is per UL BWP.

Proposal 5:
The RRC configuration for configured TDW length L for PUCCH repetition is per UL BWP.

Proposal 6:
Further discussion is needed for PUCCH format 0 if the RRC configuration for enable/disable DMRS bundling across PUCCH repetition is per UL BWP.

Proposal 7：
DMRS bundling across PUCCH repetition could reuse the conclusion of PUSCH JCE for the TA updates and TPC commands.
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