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1 Introduction

In RAN meeting #86, study for NR coverage enhancement was approved. In the earlier stage of the item, WGs will finish the study on potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The main consideration of the candidate channels includes:

· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)

· Study the additional enhanced solutions for FR2 if any

· Evaluate the performance of the potential solutions based on link level simulation.
· FFS: cross-carrier scheduling
In this contribution, we discuss on potential solutions for NR coverage enhancement in PUCCH channels.
2 PUCCH Channels for enhancement

In RAN1 #102e meeting, simulation assumptions and methodologies was discussed and some agreements are reached. More discussions are ongoing. However, the preliminary simulation [2] with some common assumptions shows significant gap for PUCCH coverage. Enhancement of PUCCH could be considered in early stage work. The PUCCH format for HARQ-ACK should be firstly discussed. The further converge enhancement evaluation will identify the exact enhancement target of PUCCH channels. In this stage, enhancement of few dBs of coverage can be commonly discussed.
3 Coverage enhancement solutions
As we agreed for evaluation purpose, the configuration for UE side of 1TX is mandated. In that case, we should assume the total power of 23 dBm for PUCCH. This should be the reference scenarios for coverage enhancement study and applicable to PUCCH channels. 2TX is optional for PUSCH and not considered for PUCCH.
In NR, higher power UE was discussed and introduced for uplink coverage. The coverage can be enhanced with higher power class for NR. Since the coverage enhancement is for general eMBB UE, the enhancement should focus on normal power class to improve more generally for PUCCH coverage. 
For the coverage enhancement, existing technologies specified in LTE and NR will be considered, since they have been well studied for feasibility. 
3.1 Repetition/TTI bundling
Downlink and uplink transmission repetitions have been standardized in LTE and NR features. It is a useful technology to enhance coverage of the repeated channels. During study item stage, whether to enhance repetition-based functionality should be discussed. 
The further optimization for supporting repetition in NR channels should be based on the evaluation results. NR PUCCH already support repetition for some channels. The configuration allow up to 8-slot transmission. Due to the time limit, NR had not evaluated the exact coverage with maximum repetition for each channel. In this study, some results shows large gap for PUCCH coverage. Thus, for coverage enhancement, larger number (e.g. 16) of slots with repeated PUCCH transmission can be introduced.

For a 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. It should be considered to determining the channel repetition dynamically. For PUCCH repetition as example, 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 slot. It have 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.
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Figure 1. PUCCH repetition indicated by DCI

Proposal 1: Support PUCCH with higher repetition time to extend the coverage. For PUCCH repetition, the repetition time can be indicated by gNB based on the channel condition. 
3.2 Frequency domain scheme

Frequency domain scheduling would be enhanced to explore the frequency diversity in case of coverage end. For PUCCH, the frequency hopping is supported in Rel-15. For frequency domain, PUCCH will not support non-contiguous transmission, since it will increase CM of PUCCH and impact on the coverage. 

3.3 Channel structural enhancement
For PUCCH, there are 5 formats defined in NR. Considering the coverage, the Format 1 should be the one with best coverage. When introducing the format 1, the consideration is to have a PUCCH format with similar coverage of LTE PUCCH format 1a/1b. However, the DMRS overhead for NR PUCCH Format 1 is even higher than that of LTE PUCCH 1a/1b. 

Furthermore, Rel-17 may consider enhancing the coverage of PUCCH over NR Rel-15. Even for a single slot transmission of PUCCH, the coverage enhancement is desirable. The enhancement in single slot structure will reduce the required number of slots, when the structure repeated in multiple slot. As discussed in previous, the long repetition may restrict too much on the resource allocation flexibility and thus should not be the only enhancement solution.
RAN1 can study the coverage enhanced PUCCH structure for single slot and consider support it with repetition. The PUCCH structure should consider less DMRS overheads and smaller multiplexing capacity for higher coverage performance.
Proposal 2: RAN1 should study the coverage enhancement of PUCCH structure in single slot.
3.4 Payload optimization
Since the coverage enhancement consider mostly about the coverage limited UE. It would be beneficial to study the case of more efficient operation transmission of channel in that case. PUCCH should be able to transmit fewer bits and UE should not depend on large payload formats in cell edge.

In NR PUCCH may have to transmit large number of ACK/NACK bits due to the flexible UL/DL direction, different frame structure configuration and flexible scheduling mechanism. However, considering the limited number of bits per TB in coverage-limited case, PUCCH should not feedback individually for each TB.

NR should introduce scheme similarly as the ACK bundling schemes for cell edge UEs. Number of ACK/NACK bits can be compressed into 2 bits. This will allow the cell edge UE fall back to the PUCCH formats with best coverage, which may only transmit up to 2 bits.
Proposal 3: The PUCCH should be able to transmit fewer bits and should not depend on large payload formats in cell edge.
3.5 Different PUCCH formats

In general, the coverage limited UE may not need channel information with finer granularity in frequency/code domain and frequent updates. Thus the >2bits PUCCH formats, e.g. format 2/3/4 may not need to be thoroughly enhanced for coverage.
To address the relevant scenarios, some payload size restriction should be consider for coverage enhancement on the formats with medium payload if RAN1 decide to enhance the formats.
4 Conclusion

In this contribution, we discussed the aspects of NR coverage enhancement for PUCCH channels. To guarantee well-balanced overall NR coverage performance, bundling in time, frequency diversity, channel structure, payload size and other aspects should be studied and evaluated. As summary, we propose:

Proposal 1: Support PUCCH with higher repetition time to extend the coverage. For PUCCH repetition, the repetition time can be indicated by gNB based on the channel condition. 

Proposal 2: RAN1 should study the coverage enhancement of PUCCH structure in single slot.
Proposal 3: The PUCCH should be able to transmit fewer bits and should not depend on large payload formats in cell edge.
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6 ANNEX

Agreements
· For link level simulation, adopt the following table for PUCCH for FR1.

	Parameters
	Values

	PUCCH format type
	Format 1, 2bits UCI.

Format 3, [4bits (3 bits A/N + 1 bit SR)]/11/22 bits UCI

	BLER for PUCCH
	For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.

ACK missed detection probability: 1%.

For PUCCH format 3: 

BLER for Ack/Nack, SR: 1%

FFS: BLER for CSI (10% or 1%)

	Number of PRBs for PUCCH
	1 PRB

	Number of UE transmit chains for PUCCH
	1

	Number of repetitions for PUCCH
	w/ repetition (optional), w/o repetition for PUCCH.

The maximum number of repetitions is 8.

	PUCCH duration 
	14 OS

	DMRS configuration for PUCCH
	FFS: number of DMRS symbols for PUCCH Format 3.
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