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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. 
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
Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 
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.
 

Agreement

· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.
Agreement

Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.
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

It would be natural to consider that PUCCH repetition factor can be configured on PUCCH resource instead of configured on PUCCH format. But what exact parameter is not discussed yet. In Rel-16 TS 38.331, PUCCH resource ID is configured in PUCCH-Resource. Adding a new Rel-17 parameter for the repetition number into the resource ID can be the most straight forward solution. 
Another possibility is provided new Rel-17 PUCCH resource IE for the case we configure the enhanced repetition scheme.

Since the first solution has smallest change, it would be preferred. However, the exact RRC parameters will be determined in RAN2. In preparation of RRC parameter list, we may need to give clear information on it.

Proposal 2: Reuse the Rel-16 PUCCH resource parameter and introduce a new repetition parameter for Rel-17. 
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 3: For enhancement, the PUCCH repetition with frequency hopping can introduce 2 bundles of slots. Each bundle of slots can be transmitted in different PRBs. 
Regarding the definition of Time Domain Windows of PUSCH repetition, it may have influence on PUCCH. Since the window length L of the configured TDW(s) can be explicitly configured with a single value, there may be a large number of that windows. It will determine the PUSCH hopping pattern. However, the introduction of the same TDW may not be needed for PUCCH as it’s timing depending on DL scheduling. In this perspective, we would not see the need of same design for PUCCH and PUSCH.
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 4: 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: Reuse the Rel-16 PUCCH resource parameter and introduce a new repetition parameter for Rel-17. 
Proposal 3: 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 4: For PUCCH format 1/3/4 in responding the DL scheduling DCI, the PUCCH should support the dynamic repetition. 
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