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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#105-e [1], several issues for PUCCH coverage enhancement were discussed, and following agreements were made:
	Agreement: 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.
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 signalling enhancement details.
Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling.
· Use case 1: back-to-back PUCCH repetitions within one slot.
· Use case 2: non-back-to-back PUCCH repetitions within one slot.
· Use case 2a: no uplink transmission in the middle of two PUCCH repetitions.
· Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions.


The dynamic PUCCH repetition and DMRS bundling across PUCCH repetitions are discussed as follows.

2. Discussion on PUCCH coverage enhancement
2.1 Dynamic PUCCH repetition
In this section, the dynamic PUCCH repetition factor indication is discussed at first, and then, the scope of the dynamic PUCCH repetition factor indication is studied.
2.1.1 Dynamic PUCCH repetition factor indication
Configuration of PUCCH repetition factor per PUCCH resource can not only provide more flexibility and also reduce the DCI overhead. Then, the Working Assumption in RAN#105-e [2] should be supported.
Proposal 1: Confirm the Working assumption on dynamic PUCCH repetition factor indication.

In current spec, PUCCH-Resource is configured in PUCCH-Config. And the same PUCCH resource may be referred by different RRC parameters. As an example, the same PUCCH resource (identified by pucch-ResourceId) could be referred by CSI report (for reporting CSI) as well as the PUCCH-ResourceSet (for HARQ-ACK feedback). Therefore, a mapping from PUCCH resource to its repetition number should be added in each PUCCH-ResourceSet rather than in each PUCCH resource, to provide more flexibility.
For example, the PUCCH repetition factor is configured in the PUCCH-ResourceSet, in which the PUCCH repetition factor is configured to each PUCCH resource by one-to-one mapping between the PUCCH resource and the PUCCH repetition factor. Even with the same pucch-ResouceId, different repetition factor can be configured in different PUCCH resource sets.
Proposal 2: Single PUCCH resource can be referred by multiple PUCCH resource sets with different PUCCH repetition factor.

2.1.2 Scope of dynamic PUCCH repetition factor indication
From RAN1#105-e [2], some companies concern that dynamic PUCCH repetition factor indication should be applied to the PUCCH carrying P-CSI and SP-CSI. In our understanding, the payload size of P/SP-CSI reporting is static, the PUCCH resource used for P/SP-CSI reporting is static, and therefore, gNB can set the number of repetitions statically, which is sufficient enough. On the other hand, if coverage is really a problem for P/SP-CSI reporting, gNB can trigger A-CSI reporting which is transmitted on PUSCH. The repetition mechanisms for PUSCH can be used to improve the coverage. As discussed above, applying dynamic PUCCH repetition factor indication to the PUCCH carrying P/SP-CSI is not necessary since the motivation is not clear.
Proposal 3: Applying dynamic PUCCH repetition factor indication to the PUCCH carrying P/SP-CSI is not necessary.

2.2 DMRS bundling across PUCCH repetitions
RAN1#105-e [2] has agreed to 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 for DMRS bundling across PUCCH repetitions. Until now, the time domain window, DMRS bundling, and signaling mechanism for joint channel estimation for PUSCH are under discussion [3]. And a common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible is agreed [2].
2.2.1 Time domain window design
The concept of time domain window has been discussed in [3] for joint channel estimation for PUSCH repetitions. Given that the prerequisites for keeping power consistency and phase continuity for PUSCH and PUCCH are the same [4][5], time domain window can also be used for PUCCH repetitions, i.e., 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, and a common design for the time domain window for PUSCH and PUCCH is thus preferred.
Two alternatives for time domain window determination for PUSCH [3] can be down selected for PUCCH with minor revisions as follows:
· Alt 1: All the repetitions are covered by one single time domain window.
· The start of the window is the first PUCCH transmission.
· Alt 2: All the repetitions are covered by one or multiple time domain windows.
· The start of the first window is the first PUCCH transmission.
· The length of each window is no longer than the maximum duration.
In addition, the definition of maximum duration that a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements for PUSCH [3] should also be used for PUCCH. Based on the maximum duration, above two alternatives for time domain window determination for PUCCH repetitions are discussed here.
For Alt.1, considering the non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum, and the definition of maximum duration, one time domain window covering all the repetitions could not guarantee the power consistency and phase continuity in most cases, which means joint channel estimation could not be realized in most cases. So Alt.1 is not a better choice.
For Alt.2, considering the non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum, and the definition of maximum duration, the time domain windows can be determined as following steps:
Step 1: The start position of time domain window can be determined as:
· The start position of the first time domain window is the first available symbol allocated for PUCCH repetitions;
· The start positions of the other time domain windows are the first available symbol after the last time domain window.
Step 2: The length of time domain window should be determined according to the conditions of power consistency and phase continuity agreed by RAN4, which could be listed as below:
· Condition 1: The length of each window is no longer than the maximum duration;
· Condition 2: Each time domain window could not include the DL slots/symbols configured by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated between PUCCH repetitions.
Power consistency can hardly be ensured for the UL slots with DL slots in between. So the DL slots/symbols should be precluded in each time domain windows. As shown in Fig. 1, assuming 8 PUCCH repetitions are indicated, then two time domain windows are determined, where the downlink slots/symbols are precluded.
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Fig. 1 Time domain window determination based on condition 2.

· Condition 3: Each time domain window could not include other UL signals or channels (e.g., SRS and PUCCH with higher priority, etc.) with different transmitting powers, frequency domain resource allocations (FDRA), and antenna ports between PUCCH repetitions.
The power consistency and phase continuity will be broken in this case. So the symbols allocated for these signals or channels are precluded in each time domain window. As shown in Fig. 2, assuming 8 PUCCH repetitions are indicated overlapping a PUCCH with higher priority in the 5th slot and a SRS in the 8th slot, two time domain windows are then determined, and the symbols allocated for other UL signals or channels are precluded.
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Fig. 2 Time domain window determination based on condition 3.

· Condition 4: There is no frequency hopping in each window.
Frequency hopping for PUCCH repetitions will break the phase continuity due to phase rotation. So there should be no frequency hopping in each window. As shown in Fig. 3, assuming 8 PUCCH repetitions are indicated, two time domain windows are determined.
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Fig. 3 Time domain window determination based on condition 4.

Proposal 4: For joint channel estimation for PUCCH repetition, all the repetitions are covered by one or multiple time domain windows:
· For the start position of each time domain window:
· The start position of the first window is the first available symbol allocated for PUCCH transmission;
· The start positions of other windows are the first available symbol after the last time domain window.
· For the length of each time domain window, it should be determined according to the conditions of power consistency and phase continuity agreed by RAN4.

2.2.2 Signaling to enable DMRS bundling
Some companies concern that whether an additional dynamic signaling is needed to enable or disable PUCCH repetitions with DMRS bundling. In our understanding, the PUCCH repetitions can be turned on or turned off rapidly using the dynamic signaling, but there is no strong motivation or necessary scenario that DMRS bundling for PUCCH repetitions should be switched rapidly, and it will complicate UE implementation. Hence, the dynamic signaling for enabling or disabling PUCCH repetitions with DMRS bundling is not supported.
Proposal 5: The additional dynamic signaling for enabling/disabling PUCCH repetitions with DMRS bundling is not supported.

3. Conclusions
In this contribution, we provide overview on possible RAN1 specification impact on PUCCH coverage enhancement with following proposals:
Proposal 1: Confirm the Working assumption on dynamic PUCCH repetition factor indication.
Proposal 2: Single PUCCH resource can be referred by multiple PUCCH resource sets with different PUCCH repetition factor.
Proposal 3: Applying dynamic PUCCH repetition factor indication to the PUCCH carrying P/SP-CSI is not necessary.
Proposal 4: For joint channel estimation for PUCCH repetition, all the repetitions are covered by one or multiple time domain windows:
· For the start position of each time domain window:
· The start position of the first window is the first available symbols allocated for PUCCH transmission;
· The start positions of other windows are the first available symbol after the last time domain window.
· For the length of each time domain window, it should be determined according to the conditions of power consistency and phase continuity agreed by RAN4.
Proposal 5: The additional dynamic signaling for enabling/disabling PUCCH repetitions with DMRS bundling is not supported.
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