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1      Introduction
In RAN1 #106 meeting, agreements are achieved for the following issues [1]:

· Dynamic PUCCH repetition factor indication schemes;

· Repetition parameter overriding rules;

· The number of PUCCH repetitions;

· Prioritized use cases.
The remaining issues for PUCCH enhancement may include:

· Use cases;
· Signalling to support the time domain window;

· Inter-slot frequency hopping with DMRS bundling;

· Power control and TA adjustment with PUCCH repetitions.
This contribution focuses on the above remaining issues and provides our considerations.

2      Discussion
2.1     Use cases
Based on the LS from RAN4 [2]:
· RAN4 has further agreed for the gap between PUSCH/PUCCH transmissions, that the 13-symbol is the maximum length for the gap for all SCS, and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.

· RAN4 has agreed for the case of other signals/channels in the gap between repetitions, it is not considered for UE to transmit other channels in the gap with different settings.

· For the case of other UL signals/channels in the gap between repetitions with same settings, as communicated in R4-2105417, RAN4 has further refined the conditions when phase continuity can be met as follows:

· Signals/channels with repetitions and other UL signals/channels in the gap have the same:

· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.

· Allocated number and locations of PRBs transmitted.
· Antenna port settings.

Thus, it can be seen that use case 5a is not supported due to the fact that the gap between two non-consecutive slots is surely larger than 13 symbols. For use case 5b (other uplink transmissions in the middle of two PUCCH transmissions), it is a meaningful use case for PUCCH transmissions with different TBs. It may be possible that the power consistency and phase continuity are maintained across the 2 non-consecutive PUCCH transmission and the uplink transmissions in the middle of two PUCCH transmissions. However, we think this is indeed a corner case. Therefore, it’s not worth supporting DM-RS bundling over PUCCH transmissions across non-consecutive slots.
For use case 4b, it requires the other uplink transmissions in the middle of two PUCCH transmissions have the same PAPR and average power, allocated number and locations of PRBs transmitted, and antenna port settings. In our view, these requirements are hard to be met. 
Proposal 1: Not support Use case 5 for PUCCH repetitions with DMRS bundling.
2.2     Signalling to support the time domain window
In RAN1 #106-e meeting, it is discussed whether additional dynamic signalling is needed to enable/disable PUCCH/PUSCH repetitions with DMRS bundling. In our view, dynamic signalling is not needed for both PUCCH and PUSCH repetitions with DMRS bundling. We don’t see the motivation or use case for dynamic enabling/disabling.
Proposal 2: Dynamic signaling to enable/disable DMRS bundling for PUCCH or PUSCH repetitions is not supported in Rel-17.
2.3     Inter-slot frequency hopping with DMRS bundling
A working assumption for the basic framework of TDW determination was agreed in RAN1 #106 for PUSCH repetitions. Based on the WA, we think the interaction between inter slot frequency hopping and TDW can be handled. In order to strive for common design for PUCCH and PUSCH JCE, we think similar inter-slot frequency hopping design with DMRS bundling for PUSCH in our Tdoc R1-2109249 [3] can be also applied for PUCCH. Details are as follows:
In RAN1#104b-e, following two options were discussed.

· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.

· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.

As 2-step determination of TDWs is agreed, for option 1, the bundle size can be implicitly determined. It either equals to the window length of the configured TDWs or equals to the window length of the actual TDWs. For the former case, since the window length of the configured TDWs is explicitly configured, gNB and UE have the same understanding where frequency hopping takes place. While for the latter case, if events occur and UE misses the events, there can be mis-alignments between gNB and UE. However, the probability of mis-detection is relatively low and gNB can avoid such events by scheduling.
For option 2, the bundle size can be separately configured and can be different from the window length of the configured TDWs and the actual TDWs. Then gNB can has the flexibility to configure the appropriate bundle size taking into account both gain of frequency hopping and gain of joint channel estimation. In this option, inter-slot frequency hopping with inter-slot bundling can be deemed as one kind of events that violates the power consistency and phase continuity. 
Proposal 3: For inter-slot frequency hopping with inter-slot bundling, the bundle size is separately configured and can be different from the window length of the configured TDWs and the actual TDWs.

2.4     Power control and TA adjustment with PUCCH repetitions
For JCE for PUCCH, the following two agreements are achieved in RAN1 #106-e meeting:

	Agreement 

Make down-selection between the following two alternatives:

· Alt 1: UE is not expected to receive TPC commands during the current time domain window.

· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

Agreement
UE should not perform TA adjustment during the time domain window.

· FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.

· FFS: UE ignores any TA command which indicates TA adjustment during the TDW.

· FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.


In order to strive for common design for PUCCH and PUSCH JCE, we think similar mechanism can be supported.
Proposal 4: For PUCCH DMRS bundling, make down-selection between the following two alternatives:

· Alt 1: UE is not expected to receive TPC commands during the current time domain window.

· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

Proposal 5: UE should not perform TA adjustment during the time domain window for PUCCH DMRS bundling.
3      Conclusion
In this contribution, we provide our considerations on PUCCH enhancements and have the following proposals:
Proposal 1: Not support Use case 5 for PUCCH repetitions with DMRS bundling.
Proposal 2: Dynamic signaling to enable/disable DMRS bundling for PUCCH or PUSCH repetitions is not supported in Rel-17.
Proposal 3: For inter-slot frequency hopping with inter-slot bundling, the bundle size is separately configured and can be different from the window length of the configured TDWs and the actual TDWs.

Proposal 4: For PUCCH DMRS bundling, make down-selection between the following two alternatives:

· Alt 1: UE is not expected to receive TPC commands during the current time domain window.

· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

Proposal 5: UE should not perform TA adjustment during the time domain window for PUCCH DMRS bundling.
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