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1. [bookmark: _Toc120549591]Introduction
In the SID [1] for study on NR coverage enhancement, one of the objectives is as the following,
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· 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.

In this contribution, considerations and a potential solution on coverage enhancement of PUCCH are discussed.
2. Discussion on the PUCCH coverage enhancement
In this section, we first check the coverage of PUCCH with link budget results, and then provide a potential coverage enhancement solution for PUCCH.
1 
2 
Coverage analysis for PUCCH
The coverage performance between multiple physical channels varies under different deployment scenarios. The coverage gap between the physical channels also depends on the payloads size. Here we give an example for Rural Indoor scenarios in Figure.1. The detail parameters could be found in our companion contribution [2]. It can be seen that PUSCH with 100kbps is the bottleneck channel in the Rural scenario, and coverage of PUCCH with 22bits is the second limited channel. 
[image: ]
Figure.1 MPL comparison for physical channels in Rural Indoor scenarios
Observation 1: PUSCH is the most limited channel in the Rural indoor scenario, and PUCCH with higher payload is the 2nd limited channel.
Finer channel state information feedback could improve the UE performance in the cell edge. But finer channel state information would require more UCI bits transmitted in PUCCH. Under this situation, the cell edge user performance would be limited by PUCCH coverage.

In NR R15, the PUCCH repetition has been introduced to enhance the coverage. For PUCCH formats 1, 3, 4, a UE can be configured with 2, 4, or 8 slots repetition through . The coverage of PUCCH can be improved by combining the multi-slot transmission. This is useful for UEs at cell edge to provide reliable HARQ-ACK feedback and CSI report. 
But for TDD, PUCCH repetition may not be an efficient way since the number of UL slots is small for macro deployment. For example, for TDD with semi-static configuration of DDDDDDDSUU, SCS 30KHz, there are only two slot in every 5ms. If 8 slots repetition is configured, one PUCCH transmission will last 20ms and occupy 8 uplink slots. If the UE has uplink data to transmit at the same slot with PUCCH transmission, piggyback may happen, or even the PUSCH transmission in overlapped slots will be dropped as described in section 9.2.6 of TS 38.213. This will further reduce the coverage of PUSCH, which is the most limited channel in all the scenarios. In this case, PUCCH repetition improves the coverage of PUCCH, but the PUSCH performance could be impacted. Therefore, PUCCH enhancement schemes with more efficient resource utilization besides the multi-slot repetition can be studied.
Observation 2: PUCCH enhancement schemes with more efficient resource utilization besides the multi-slot repetition can be studied.

Discussion on potential PUCCH coverage enhancement scheme
DMRS-based PUCCH transmission is used for PUCCH format 1,2,3,4. The receiver will first perform a channel estimation using the DMRS symbols. Then a coherent detection could be carried out for the UCI payloads. A sequence-based transmission is also introduced for PUCCH format 0 to carry UCI equal or less than 2 bits. In the last meeting, a sequence-based DMRS-less PUCCH transmission carrying more than one-bit UCI was proposed in [3]. In this method, a sequence with length N that equal to the number of REs in the PUCCH resource is transmitted in the PUCCH resource. The sequence is picked from a sequence pool according the UCI payload bits. At the receiver side, a sequence detection is performed and the UCI payloads could be determined. 

In contrast to the long sequence proposed above, a short sequence method is proposed here. The UCI payloads could be carried by a short sequence combination composed of N sequences, where different sequence combinations correspond to different UCI information. The receiver side performs sequence detection to get the sequences combination. And then the UCI is determined based on the mapping between UCI values and the short sequence combination. The operation procedure is shown in Figure 2. The sequence pool has S candidate sequences. When N sequences is picked from the pool, one can have  combinations to present UCI information. If the UCI payload is 11 bits, 2048 states is required to present. Picking N=4 sequences from S=17 resource pool can present 2380 states, which covers requirement of 11bits UCI. 
UE can choose a N short-sequence combination according to the UCI, and map them to N OFDM symbols of PUCCH resource. If the number of OFDM symbols is larger than N, the N short sequences can be repeated to fill the rest symbols, which could improve transmission reliability. The receiver performs sequence detection and get the short sequence combination, then UCI can be derived.
The short sequence combination could reduce the complexity of receivers. The short sequence, such as a 12 length for one PRB, could be detected symbol by symbol. Since the maximum candidate number is S, the total detection number could be limited to 62 (17+16+15+14) when N equals 4. If the N short sequence combination is required to map in an certain order to OFDM symbols, e.g. in an ascending sequence index order, the detection number will be further reduced.


Alternatively, if the ordering of the N short sequences also convey information, choosing N short sequences from S sequence will have  choices. Then S=9 is enough to carry 11 bit UCI information, since. The total detection number for N=4 is 30 (9+8+7+6). 
[image: ]
Figure.2 sequence based PUCCH transmission
Link level simulations are performed to evaluate the demodulation performance of the above scheme, as shown in Figure 3. The UCI payload is assumed as 11bits. N=2 from a S=65 sequence pool and N=4 from a S=17 sequence pool are evaluated. ML decoding, hard decision and minimum Hamming distance detection are used during the evaluations. The detailed simulation parameters are listed in Appendix. 
It can be seen from the results, N=2 provides better demodulation performance than N=4. That is because more repetitions for N=2 is transmitted and the receiver can combine to improve the single sequence detection performance, result in a lower required SNR. And comparing the N short sequence scheme with traditional NR PUCCH format 3 with ML decoding, the performance gain can be 3~4dB. While with short sequence and less number of sequence detection, the receiver complexity is reduced.

[image: ]
Figure.3 Demodulation performance of PUCCH format 3 and short sequence combination based PUCCH

Observation 3:  Short sequence combination based PUCCH scheme can provide 3~4dB gain compared with DMRS based PUCCH format 3.
Proposal 1: Short sequence combination based PUCCH format can be considered for more than 2 bits UCI to improve PUCCH performance.
3. Conclusions
In this contribution, PUCCH coverage is analysed and one potential PUCCH enhancement solution with sequence transmission is discussed, the following observation and proposals are made.
Observation 1: PUSCH is the most limited channel in the Rural indoor scenario, and PUCCH with higher payload is the 2nd limited channel.
Observation 2: PUCCH enhancement schemes with more efficient resource utilization besides the multi-slot repetition can be studied.
Observation 3: Short sequence combination based PUCCH scheme can provide 3~4dB gain compared with DMRS based PUCCH format 3.
Proposal 1: Short sequence combination based PUCCH format can be considered for more than 2 bits UCI to improve PUCCH performance.
4. References
[1] RP-200861, Revised SID on Study on NR coverage enhancements.
[2] R1-2006224, Discussion on the baseline performance in FR1, CMCC, 3GPP TSG RAN WG1 #102 e-Meeting, August 17th – 28th, 2020.
[3] R1-2004499, Potential techniques for coverage enhancement, Qualcomm Incorporated, 3GPP TSG RAN WG1 #101 e-Meeting, May 25th – June 5th, 2020.
[bookmark: _GoBack]Appendix

Table.1 LLS simulation parameters
	Parameters
	Values

	Carrier frequency
	2.6 GHz

	Bandwidth
	20MHz

	SCS
	30KHz

	PUCCH format
	PUCCH format 3 and M-sequence based PUCCH

	UCI payload
	11bits

	Tx/Rx
	1Tx/4Rx

	Number of RB
	1

	Number of OFDM symbols
	4,6,8,10,12,14

	Channel model
	TDL-C, 300ns

	Channel estimation
	Practical
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