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Introduction
In the RAN1 #106b-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 Dynamic PUCCH repetition factor indication
In the 106e meeting, the working assumption was confirmed to support dynamic PUCCH repetition factor indication.

	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




Based on the working assumption, the repetition factor should be configured per PUCCH resources. The PRI and the CCE index could be used to indicate both the PUCCH resources and the repetition factor. But there are still some issues about the indication mechanism. If the 2nd starting CCE position is used to indicate repetition factor 2, then all the UEs allocated with 2 repetitions would be overlap in the PDCCH and conflict. 
Another issue is that, the starting CCE index are limited due to the aggregation level. For those high aggregation level such as 8 and 16, the staring position are limited. Then then candidate repetition factors configured for those PUCCH should also be limited.

Observation 1:
If the staring CCE index is used to indicate the repetition factors, there would be conflicts for the UE who share a same repetition factor.

Observation 2:
The staring CCE index would be limited due to high aggregation level.

In the 106e meeting, the repetition factors have been agreed as follows. 
	Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.




It was concluded that no other repetition factors would be supported beyond 2,4 and 8. Then there is still one issue about how to indicated no repetition or the repetition factor 1. Two options could be considered. One is to include the repetition factor 1 into the repetition factor set, using the PRI and starting CCE index to indicate “no repetition”. The other is to use other filed to indicate no repetition is applied for this PUCCH transmission. It should be noted that using the starting CCE index to indicate repetition factor is limited due to the aggregation level.

Proposal 1: 
The mechanism to indicate no repetitions should be discussed for PUCCH. Both including the repetition factor 1 into the set and additional indication could be considered.
2.1.1 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 2: 
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 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. 





As the bundling size/ time domain window has a strong impact to the hopping pattern, the window of bundling should be determined first. From our point of view, the goal of this agenda item is to improve the coverage of PUCCH. According to some simulation result provided by companies, DMRS bundling which gives more channel estimation accuracy can provide more gain than frequency diversity. If the frequency hopping pattern is determined first, it may violate the phase continuity and stop the DMRS bundling. To make the DMRS bundling more effective, the configured TDW(time domain window) determination should be the first step, and then the actual TDW determination and the hopping intervals determination are implemented.

Proposal 3:
The Option4 is preferred, as it can provide more gain in coverage enhancement.
2.2.1 Time domain window design details
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  



In Rel-16, the PUCCH repetitions is configured per PUCCH format. And in the current discussion, the PUCCH repetition could be dynamically indicated. Then for the DMRS bundling, at least per PUCCH format should be supported. And finer granularity (option 4) could bring more flexibility for gNB to use DMRS bundling or not. Per UE configuration is very similar to the per PUCCH format. Once the DMRS bundling is enabled, then the RRC reconfiguration are need to turn-off this function, which means the UE would always work in the mode of DMRS bundling or not. Per UL BWP configuration would require a duplicated configurations for both DMRS bunded BWP and non-DMRS bundled BWP. Then the option 4 is slightly preferred. 

Proposal 4:
The option 4, per PUCCH resource configured DMRS bundling, is preferred, as this option could provide more flexibility to enable and un-enable the function.

2.2.1 Power control and TA
The prerequisite for enabling joint channel estimation is that the UE should keep power consistency and phase continuity during the time domain window. The TA adjustments and the TPC occurs in the time domain window would violate the condition. 
As discussed in our companion paper in the JCE of PUSCH, the TA command should be ignored. And the TPC command could be accumulated within the time domain window but without taking effect. When the time domain window is closed, UEs could transmit in the updated power. This is the same issue for PUSCH JCE. PUCCH could reuse the conclusion from PUSCH JCE.

Proposal 5：
· During the time domain window, he TA command could be ignored.
· The TPC command could be accumulated but not take into practice. When the time domain window is closed, UEs could transmit in the updated power.

Proposal 6：
DMRS bundling across PUCCH repetition could reuse the conclusion of PUSCH JCE for the TA updates and TPC commands.

Conclusions
In this contribution, we provide our views on the PUCCH enhancements. The proposals are as below.

Observation 1:
If the staring CCE index is used to indicate the repetition factors, there would be conflicts for the UE who share a same repetition factor.

Observation 2:
The staring CCE index would be limited due to high aggregation level.

Proposal 1: 
The mechanism to indicate no repetitions should be discussed for PUCCH. Both including the repetition factor 1 into the set and additional indication could be considered.

Proposal 2: 
The details and the differences between the slot-based and sub-slot-based repetition may still need more discussion. 

Proposal 3:
The Option4 is preferred, as it can provide more gain in coverage enhancement.

Proposal 4:
The option 4, per PUCCH resource configured DMRS bundling, is preferred, as this option could provide more flexibility to enable and un-enable the function.

Proposal 5：
· During the time domain window, he TA command could be ignored.
· The TPC command could be accumulated but not take into practice. When the time domain window is closed, UEs could transmit in the updated power.

Proposal 6：
DMRS bundling across PUCCH repetition could reuse the conclusion of PUSCH JCE for the TA updates and TPC commands.
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