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1 Introduction

In RAN1 meeting #104, 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. 
Agreements: Down select from the following two options to support dynamic PUCCH repetition factor indication.
· Option 1 (without DCI enhancement): Enhance RRC signalling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is implicitly indicated by DCI.

· FFS details, e.g., via reusing the “PUCCH resource indicator” field (without increase # bits of it), starting CCE index (when applicable) of DCI,  by PDCCH aggregation level, etc.

· FFS: RRC signaling enhancement details

· Option 2 (with DCI enhancement): PUCCH repetition factor is explicitly indicated by DCI

· e.g., introduce a new field or increase the number of bits of an existing field (e.g., PRI) in DCI for PUCCH repetition factor indication

· FFS whether there is a need for RRC update

Agreements: Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.

· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible

Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
· FFS: the configuration is per UE or per PUCCH resource. 

· FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
· FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size
Conclusion: In Rel-17, deprioritize the study of DMRS pattern/location/granularity optimization for PUCCH coverage enhancement in AI 8.8.2. This conclusion could be revisited after the progress on the study of DMRS pattern/location/granularity optimization for PUSCH coverage enhancement in AI 8.8.1.3. 
Conclusion: For the study of enhancing inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, at least the following aspects can be considered:
· Performance tradeoff between maximizing # consecutive UL slots in one frequency hop (to achieve more DMRS bundling gain) and maximizing # hops (to achieve more diversity gain)

· Note: the maximum # frequency hopping positions is still 2 as in Rel-15/16., which is signaled by startingPRB and secondHopPRB
· Interaction between hopping boundary determination and TDD configuration

Conclusion: For the simulations to study the enhancement of inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, simulation assumptions in 38.830 are reused as a starting point. 

Note: Additional simulation scenarios/assumptions are not precluded. 

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

In previous RAN1 meetings, simulations have shown gap for PUCCH coverage in some of the scenarios for coverage study. Enhancement of dynamic PUCCH repetition can be supported by small extra overhead from DL signaling. In LTE MTC, there are also dynamic repetition schemes been in specification and this prove the feasible of the whole scheme. For DMRS bundling, PUCCH demodulation with bundling over slots can be implicitly implemented by gNB side. However, specification can be improved to allow more efficient decoding of PUCCH in bundles. Further RF requirement of UE can assist the DMRS bundling.
2.1 Dynamic PUCCH repetition factor indication
For a PUCCH channel, the current NR allow semi-static repetition time. If it is configured with a repetition factor, the channel has to be transmitted multiple times even the channel is decoded successfully in the first transmission. Thus, the resource efficiency is low. 
Determining the channel repetition dynamically will make efficient utilization of UL control resource. In the same time, cut-short the repetition can also reduce the latency of HARQ transmission.

In the real scheduling, the repetition time can be indicated by gNB based on the channel condition. When the gNB doing the scheduling, it can estimate the required number of PUCCH slots. It has channel measurement information to decide the required PUCCH resources. Previous PUCCH detection can also help scheduler setting the PUCCH repetition time for the next transmission. The DL scheduling DCI is then the first candidate for signaling the indication to it associated PUCCH.
Two categories of Options are mainly given:

One of ideal indication of PUCCH repetition is the DCI field for the exact repetition number. For the current supported 4 values for repetition, 2 bits seems to be sufficient to cover the semi-static configured repetition factors. 
It was also proposed that the dynamic PUCCH repetition can also be realized by the PRI indication, which is also modified with per resource repetition number configuration. The benefit would be saving DCI bits for indication. However, it seems the PRI was intended to multiplex different UEs. If it is used for the different purposes, the PUCCH collision will increase.
From this perspective, it is preferable to have dedicated DCI field. 

Proposal 1: Introducing up to 2 bits field into DL scheduling DCI to indicate the exact number of slot for the associated PUCCH responding the DCI.
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Figure 1. PUCCH repetition indicated by DCI

The range of repetition slot dynamically signaled should be also decided for the PUCCH repetition mechanism. In case of coverage limited, UE may not change quickly. Thus, 4 values of slot number for PUCCH repetition would be sufficient. Thus, we can consider to support {1, 2, 4, 8} in the dynamic PUCCH repetition.

Proposal 2: Dynamic PUCCH repetition can be selected by DCI from {1, 2, 4, 8} slots for the PUCCH transmission in each transmission instance.
The further optimization for supporting repetition in NR channels should be based on the evaluation results. As in the coverage evaluations, PUCCH coverage would be bottleneck some bottleneck. The current 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.

If larger number of slots introduced, 2 bits indication cannot indicate all the values. The range of dynamic indication by DCI field can be configurable.
Proposal 3: Larger number (e.g., 16) of slots for repeated PUCCH transmission can be indicated by the DCI. 

The range of dynamic indication by DCI field can 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: Introducing 2 bits field into DL scheduling DCI to indicate the exact number of slot for the associated PUCCH responding the DCI.

Proposal 2: Dynamic PUCCH repetition can be selected by DCI from {1, 2, 4, 8} slots for the PUCCH transmission in each transmission instance.

Proposal 3: Larger number (e.g., 16) of slots for repeated PUCCH transmission can be indicated by the DCI. 

The range of dynamic indication by DCI field can 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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