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1 Introduction

In RAN1 meeting #102, study for NR coverage enhancement was started. Candidate solutions for PUCCH enhancements were discussed. The solutions are concluded as:

Agreements:

 Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, prioritize the study of the following schemes for PUCCH coverage enhancement,
· DMRS-less PUCCH

· FFS: design detail for DMRS-less PUCCH, e.g., sequence based PUCCH transmission, v.s. reuse Rel-15 scheme to transmit UCI without DMRS 

· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits. 

· (Explicit or implicit) Dynamic PUCCH repetition factor indication

· DMRS bundling cross PUCCH repetitions

· Including study of transmitting a subset of PUCCH repetitions without DMRS, at least for UCI<=11 bits

Note 1: other schemes are not excluded. 
Note 2: the study on DMRS bundling for PUCCH repetition can be a joint study with DMRS bundling for PUSCH repetition studied under 8.8.2.1.

Note 3: Companies are invited to report details of the receivers used in the evaluation. Advanced receiver can be included (not mandatory) in performance evaluations. Performance and receiver complexity are discussed respect to a baseline Rel-15/16 PUCCH scheme. 
Note 4: proposed PUCCH repetitions scheme shall account for the resources used by PUSCH to meet the throughput target and should be compared against Rel-15/16 PUCCH repetition framework. 

[Note 5: enhancement on one or more PUCCH formats/UCI types may or may not be needed, depends on the outcome of sub-agenda 8.8.1]

In this contribution, we further 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. In the meantime, 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 enhancement for HARQ-ACK now can be 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. Thus, only way to use frequency diversity in PUCCH is frequency hopping.
The enhancement of frequency hopping can include more than 2 hops schemes. This can be considered together with PUCCH repetition.
Proposal 2: Introducing PUCCH repetition with >2hops frequency hopping to enhance 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 supporting it with repetition. The PUCCH structure should support less DMRS overheads. The multiplexing capacity is not the main target, since it is for higher coverage performance.
Proposal 3: RAN1 should study the coverage enhancement of PUCCH structure in single slot.
4 PUCCH format enhancement and evaluation

Considering the above aspects of enhancement, per slot PUCCH format enhancement can be introduced. One of the candidate of DMRS-less scheme is the sequence based PUCCH. For evaluation, the scheme can adopt the sequence from PUCCH format 0. The considered extension can use the same sequences extended from 2 symbols to 14 symbols.

On top of the per slot enhancement, the Rel-16 PUSCH-repetition-Type-B like PUCCH repetition and other repetition scheme can be applied. The explicitly or implicitly dynamic PUCCH repetition factor indication is also can be the repetition in number of slot. 
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Figure 3. DRMS-less PUCCH with possible repetition 

For other high priority schemes like DMRS bundling cross PUCCH repetitions, it may not be used with DMRS-less per slot PUCCH. Then, different study will be done.  
To evaluate the DMRS-less scheme, simulations is done for comparing the 2 cases: 2-symbol sequence-based scheme and 14-symbols sequence-based scheme. 2-symbols one is the format 0. It can be observed that 8.73 dB coverage gain can be achieved by the simple time domain repetition.
Table 1. Simulation results for DRMS-less PUCCH
	
	SNR(dB)

	Sequence base format, 2bits, 2OS
	-2.39dB

	Sequence base format, 2bits, 14OS
	-11.12dB
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Figure 3. DRMS-less PUCCH performance: 2-symbols vs 14-symbols

Comparing with the DMRS based PUCCH, the performance gain is also observed. In the NR study, the format 1 can achieve around -8 dB SNR.

Proposal 4: RAN1 introduce PUCCH with sequence selection cover up to 14 symbols per slot, as the DMRS-less scheme.

The Rel-15 PUCCH sequences is reused for the enhanced PUCCH.
5 Other considerations
5.1 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 can feedback not individually for each TB. HARQ-bundling schemes can be used to reduce the PUCCH payload.
Other scheme similarly as the ACK bundling schemes for cell edge UEs can also be introduced. 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 5: The PUCCH should be able to transmit fewer bits and should not depend on large payload formats in cell edge for HARQ-ACK feedback.
5.2 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.
If the high payload PUCCH formats used for the CSI report, the repetition scheme would be more useful since the CSI would not be very time sensitive. In the same time CSI feedback over PUSCH with repetition could also be complementary.

To address the relevant scenarios, some payload size restriction should be consider for coverage enhancement on the formats. The high payload format enhancement for >22 bits above should not be considered.
Proposal 6: Adopting scheme with higher number of repetition for large payload CSI in PUCCH. The high payload format enhancement for >22 bits above should not be considered. 

6 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: Introducing PUCCH repetition with >2hops frequency hopping to enhance the coverage. 

Proposal 3: RAN1 should study the coverage enhancement of PUCCH structure in single slot.
Proposal 4: RAN1 introduce PUCCH with sequence selection cover up to 14 symbols per slot, as the DMRS-less scheme.

The Rel-15 PUCCH sequences is reused for the enhanced PUCCH.
Proposal 5: The PUCCH should be able to transmit fewer bits and should not depend on large payload formats in cell edge for HARQ-ACK feedback.
Proposal 6: Adopting scheme with higher number of repetition for large payload CSI in PUCCH. The high payload format enhancement for >22 bits above should not be considered. 
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8 ANNEX

Table 2 Simulation parameters for PUCCH
	Parameters
	Values

	Scenario
	Urban

	Duplexing scheme and frequency
	4GHz

	Format type
	Sequence base format, 2bits UCI.

	Waveform
	DFT-s-OFDM

	# UE BW
	100M

	Subcarrier spacing
	30kHz

	BLER
	DTX to ACK: 1%.

NACK to ACK: 0.1%.

ACK missed detection: 1%.

	Pathloss model 
	NLoS

	Channel model 
	TDL-C

	Delay Spread
	300ns

	UE velocity
	3km/h

	PRBs
	1

	Duration
	2/14OS

	# BS Rx chain
	4

	# UE Tx chains
	1

	Frequency hopping
	w/

	HARQ configuration and Repetitions
	w/o
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