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1. [bookmark: _Toc120549591]Introduction
In RAN1#102-e, the following agreements for PUCCH coverage enhancement are made [1],
[bookmark: _Hlk49248398]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]

Agreements:
Deprioritize the study of the following schemes for PUCCH coverage enhancement
· UE Antenna configuration enhancement for FR2
· Relay (including sidelink relay)
· Reflective arrays

[bookmark: _Hlk50579815]From GTW session on August 28th,
Agreements: 
Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, the following schemes for PUCCH coverage enhancement can be further studied
· Sequence based PF 0/1 with Pi/2 BPSK
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
· UCI size reduction 
· Freq hopping enhancement for PUCCH
· Short/mini-slot PUCCH repetition
· Power control enhancement for PUCCH (including power boost for pi/2 BPSK)
· Increase maximum # allowed repetitions for PUCCH
· PUCCH Transmit diversity scheme
· Symbol-level repetition for long PUCCH
· Split UCI payload on short and long PUCCH on adjacent S and U slots
· Potential higher DMRS density for PUCCH with repetitions

In this contribution, further evaluations for DMRS-less scheme are provided and some considerations on increase maximum # allowed repetitions for PUCCH are discussed.
2. Discussion on the PUCCH coverage enhancement
In this section, we first discuss the DMRS-less PUCCH scheme and then provide some further evaluation results.
1 
2 
Discussion on DMRS-less PUCCH scheme
In last meeting, we provide detail description of one short sequence combination based PUCCH scheme [2]. 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. As shown in Figure.1, with an example of N=4. When more than N symbols are available in PUCCH resource, the sequence combination can be repeated.
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Figure.1 short sequence combination based PUCCH transmission
In [2], for UCI payload 11bits. N=2 from a S=65 sequence pool and N=4 from a S=17 sequence pool are evaluated. According to 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, resulting in a lower required SNR.
Here, the sequence combination scheme is further improved. For the improved scheme, the REs in PUCCH resource are divided into two parts, and then each parts is used to carry one sequence. The two sequence combination will carry UCI, different sequence combinations carries different UCI payloads. For example, supposing there is one PUCCH resource with 1RB and 14 OFDM symbols, 2 parts each with 7 OFDM symbols can carry two sequence, these two sequences are used to carry UCI. The mapping of UCI and two sequence combination is the same as the short sequence combination described in [2]. As shown in Figure.2. The advantage of less number of sequence detection is still here. 
[image: ]
Figure.2. Impoved sequence combination based PUCCH transmission
In Figure.3, LLS results for short sequence combination based PUCCH transmission, with N=2 from a S=65 sequence pool, are updated compared to [2], labled as “N-sequence based PUCCH, N=2”. And the results for improved sequence combination based PUCCH transmission are also provided as “improved N-sequence based PUCCH, N=2”. The detailed simulation parameters are listed in Appendix.
It can be seen from the results, the improved sequence combination based PUCCH transmission provide better performance than the short sequence combination, since longer sequences are used for detection, the improve gain is about 0.5dB. And comparing the N short sequence scheme with traditional NR PUCCH format 3 with ML decoding, the performance gain of improved sequence combination based PUCCH transmission can be 1~2.7dB. While with shorter sequence compared to the case that all REs in the PUCCH resource are used to carry a whole long sequence, and less number of sequence detections, the receiver complexity is reduced.
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Figure.3 Demodulation performance of PUCCH format 3 and sequence combination based PUCCH

Observation 1:  Sequence combination based PUCCH transmission can provide 1~2.7dB gain compared with DMRS based PUCCH format 3.
Proposal 1: Sequence combination based PUCCH transmission can be supported for more than 2 bits UCI to improve PUC CH performance.
Discussion on enhancement of PUCCH repetition
In this section, we discusss two enhancements related to PUCCH repetion.
· Support of unequal number of consecutive symbols in repeated slots

For current PUCCH repetition, with the number of repeated slots ,
· 
The UE repeats the PUCCH transmission with the UCI over  slots. 
· 
A PUCCH transmission in each of the  slots has a same number of consecutive symbols.
· 
A PUCCH transmission in each of the  slots has a same first symbol.
For TDD frame structure, uplink slot can be one slot with partial UL symbols or one slot with full UL symbols. For example, considering the 2.6GHz TDD band, the frame structure is DDDDDDDSUU and the symbol structure of S slot is 6D:4S:4U. S slot and U slot have different numbers of available symbols for PUCCH transmission, the current same symbol allocation restriction for repetition slots cannot make full utilization of all UL symbols TDD. If the symbol allocation of PUCCH repetition in one slot is all 14 UL symbols, only the last two full UL slots in one TDD periodicity can be used to transmit PUCCH. In comparison, if gNodeB wants to utilize the S slot for PUCCH repetition, only maximum 8 symbols can be allocated and the 6 symbols in last two full UL slots cannot be utilized for the PUCCH repetition. Therefore, applying different symbol allocations in different slots is one simple way to utilize the available symbols more efficiently for PUCCH repetition in TDD, especially considering the utilization of S slot. 
Proposal 2: Flexible PUCCH repetition with unequal number of consecutive symbols in repeated slots can be studied to improve PUCCH coverage.
•	PUCCH repetition with non-consecutive uplink slots

As mentioned in the agreement, increasing maximum # of allowed repetitions for PUCCH is one direction for coverage improvement. For TDD configuration, such as above 2.6G DL/UL slot allocation, only 2 full +one partial UL slots can be used for PUCCH repetition. Therefore, with increased number of repetitions, for example, , even considering the partial UL slot as candidate repetition slots, the PUCCH repetition will occupy all the UL slots in two consecutive DL-UL periodicity and the first two UL slot in the third DL-UL periodicity. According to current specification, if the consecutive PUSCH transmission overlaps with long PUCCH repetition, UE will drop PUSCH in the overlapped slots, as a result, the PUSCH performance is affected. This is not we wanted as PUSCH is the worst channel in most cases according to link bundget results. 
To solve above problem, PUCCH repetition can be configured to transmit on non-consecutive uplink slots. As shown in Figure. 4, partial of the UL slots are configured for candidate PUCCH repetition slots. Then one full UL slot and one S slot of each TDD UL/DL periodicity can be used for PUSCH transmission of the same UE. When PUSCH repetition also support non-consecutive uplink slots, overlap can be avoided, and the performance degradation due to dropping can be improved. Therefore, PUCCH repetition on non-consecutive UL slots can be studied.
[image: ]
Figure.4 PUCCH repetition with non-consecutive uplink slots
Proposal 3: PUCCH repetition on non-consecutive UL slots can be studied.
3. Conclusions
In this contribution, sequence based DMRS-less PUCCH enhancement is discussed and evaluated, some PUCCH repetition enhancement are also discussed, the following proposals are made.
Observation 1: Sequence combination based PUCCH transmission can provide 1~2.7dB gain compared with DMRS based PUCCH format 3.
Proposal 1: Sequence combination based PUCCH transmission can be supported for more than 2 bits UCI to improve PUC CH performance.
Proposal 2: Flexible PUCCH repetition with unequal number of consecutive symbols in repeated slots can be studied to improve PUCCH coverage.
Proposal 3: PUCCH repetition on non-consecutive UL slots can be studied.
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Appendix

Table.1 LLS simulation parameters
	Parameters
	Values

	Carrier frequency
	2.6 GHz

	Bandwidth
	20MHz

	SCS
	30KHz

	PUCCH format
	PUCCH format 3 and sequence combination 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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