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1 Introduction

In RAN1 meetings, study for NR coverage enhancement has conclude that PUCCH enhancements will support dynamic PUCCH repetition and DMRS bundling. Some agreements are made in previous discussion. 
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 signaling enhancement details

Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling
Ÿ   Use case 1: back-to-back PUCCH repetitions within one slot.

Ÿ   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 
In this contribution, we discuss the standardization related the PUCCH part for NR coverage enhancement.
2 PUCCH Channels for enhancement

In previous RAN1 meetings, it is agreed that the PUCCH repetition is indicated by the 16 PUCCH resource indication mechanism based on “PUCCH resource indicator” field and starting CCE index. Configuration of PUCCH repetition factor is per PUCCH resource.
2.1 Dynamic PUCCH repetition by PRI
The current configuration of PUCCH does not have field for number of slot configuration. Then, each resource can be expanded by a Rel-17 parameter for number of slots. However, current 8 bits PRI & CCE index already can give quite flexible indication and thus the PRI filed in DCI can be kept.
Proposal 1: Keeping the PUCCH resource indicator field size of DL scheduling DCI to indicate PUCCH repetition slots.
Configure number of slots in each PUCCH resource.
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Figure 1. PUCCH repetition indicated by PRI in DCI

The range of repetition slot dynamically signaled should be determined by the configuration value range. In case of coverage limited, UE may not change quickly. As the reference configuration of Rel-15, we can consider to support {1, 2, 4, 8} in the dynamic PUCCH repetition.

Proposal 2: PUCCH repetition slots can configured from {1, 2, 4, 8} slots for transmission in each transmission instance.
The further optimization for supporting repetition in NR channels should also consider evaluation results. As in the coverage evaluations, PUCCH coverage would be bottleneck in some scenarios. The Rel-15 configuration allows up to 8-slot transmission. For dynamic repetition, it can be expected that larger number (e.g., 16) of slots with repeated PUCCH transmission can be indicated by the DCI.

Proposal 3: Larger number (e.g., 16) of slots for repeated PUCCH transmission can also be configurable. 

2.2 DMRS bundling across PUCCH repetitions
For PUCCH, the frequency hopping is supported in Rel-15. For frequency domain, PUCCH will not support non-contiguous allocation, due to CM issue. However, the enhancement of frequency hopping for more than 2 hops is not agreed for coverage enhancement study.

In hopping mode, we consider how it could well utilize DMRS bundling for channel estimation in hopping mode. This can be considered together with PUCCH repetition in different number of slots.
DMRS bundling can be easily supported for by the hopping schemes on time granularity of multiple slots. For enhancement, the PUCCH repetition with frequency hopping can introduce 2 bundles of slots. Each bundle of slots can be transmitted in different PRBs. Then, the bundle of slots can share the same channels and hopping in two bundles. 

In case of non-contiguous transmission of time domain, it is also feasible for joint channel estimation. Thus, we should aim for a common design for FDD and TDD, e.g., not depending on the UL/DL configuration.
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Figure 1. Allowing DMRS bundling in PUCCH repetition with 2hops frequency hopping
Proposal 4: For enhancement, the PUCCH repetition with frequency hopping can introduce 2 bundles of slots. Each bundle of slots can be transmitted in different PRBs. 

3 Other considerations

The coverage enhancement schemes of PUCCH will both introduce new semi-statically configurations. For applicable PUCCH channels, there are further considerations.
3.1 Applicability of enhanced PUCCH
The dynamic indication of PUCCH repetition would be only useful for PUCCH dynamically transmitted. Thus, the PUCCH with ACK/NACK feedback associated with the DL scheduling DCI would follow that indication. However, the periodic PUCCH report for CSI may not gain from the dynamically adjustment as this transmission is for long term channel condition. 
For PUCCH format 1/3/4, they all are possible for transmitting ACK/NACK in coverage limited scenarios and should support the dynamic repetition. Format 0/2 should not support.
Proposal 5: For PUCCH format 1/3/4 in responding the DL scheduling DCI, the PUCCH should support the dynamic repetition. 

4 Conclusion

In this contribution, we discussed the aspects of NR coverage enhancement for PUCCH channels. To enhance the overall coverage performance improvement on PUCCH, bundling in time, frequency diversity and resource efficiency should be taken into count. As summary, we propose:

Proposal 1: Keeping the PUCCH resource indicator field size of DL scheduling DCI to indicate PUCCH repetition slots.
Configure number of slots in each PUCCH resource.
Proposal 2: PUCCH repetition slots can configured from {1, 2, 4, 8} slots for transmission in each transmission instance.

Proposal 3: Larger number (e.g., 16) of slots for repeated PUCCH transmission can also be configurable. 

Proposal 4: For enhancement, the PUCCH repetition with frequency hopping can introduce 2 bundles of slots. Each bundle of slots can be transmitted in different PRBs. 

Proposal 5: For PUCCH format 1/3/4 in responding the DL scheduling DCI, the PUCCH should support the dynamic repetition. 
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