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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the last meeting [1], following is agreed. 
	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: 
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, we provide our view on the PUCCH coverage enhancement and potential solution.
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2.1 DMRS-less PUCCH for UCI <= 2 bits 
Sequenced based transmission and non-coherent detection at receiver is adopted in Rel-15 NR for PUCCH format 0 for UCI <= 2 bits. Sequence based transmission without DMRS can provide less required demodulation SNR which could increase the coverage. However, sequence based transmission may have higher detection complexity than coherent detection by channel estimation and decoding. To increase the PUCCH coverage for small UCI payload should be studied. For coverage limited scenario, power accumulation in time domain is very important. In NR, for UCI <= 2 bits, PUCCH format 1 is adopted with longer OFDM symbol to accumulate power. 
PUCCH format 0 repetition can utilize detection gain of DMRS-less transmission and meanwhile accumulate power in time domain. However, the multiplexing capacity of PUCCH format 0 is not much and repetition of PUCCH format 0 in time domain not increase the multiplexing capacity. Time domain OCC is used to increase the multiplexing capacity in PUCCH format 1. Thus, combining the PUCCH format 0 and PUCCH format 1 is a good candidate. Sequence based transmission (format 0 like) can be used to enhance PUCCH format 1 for coverage enhancement. It’s a balance to consider the enhanced format 1 and coverage, i.e. only coverage limited UE is configured enhanced format 1 and other UEs are configured legacy format 1 which gives large multiplexing capacity.
Proposal 1: Sequence based transmission (PUCCH format 0 sequence to transmit UCI by cycling shift) could be studied to enhance PUCCH format 1 (supporting OCC multiplexing in time domain) for UCI up to 2 bits.
2.2 DMRS-less PUCCH for UCI > 2 bits
To support sequence based transmission for UCI bits larger than 2 bits and up to X bits should also be consider. First of all, we should decide the value of X. It depends on the orthogonal or non-orthogonal sequence we will use. PUCCH format 0 use the orthogonal DFT sequence. In coverage/power limited case, the larger number of transmission RB will not increase the coverage obviously, one RB allocation is enough in such case. For one RB and one slot allocation, there are at most 168 orthogonal sequences which could support X = 7. On the other hand, if non-orthogonal sequence is decided, it benefits to support X = 11 as 11 is the upper bound of RM code. The same bound of sequence based transmission and legacy RM coded transmission can simplify the UE implementation.
Proposal 2: Sequence based transmission could be studied to enhance PUCCH transmission for UCI larger than 2 bits and up to X bits.
Proposal 3: X = 7 if orthogonal sequence is agreed and X = 11 if non-orthogonal sequence is agreed.
Reusing Rel-15 scheme to transmit UCI without DMRS and ML detection at receiver can also increase the SNR working point. However, it should notice that the first column of RM encoder table is all 1 which means phase ambiguous without coherent channel could happen and the first column may not be always decoded right. So we should omit the first column when reusing Rel-15 scheme to transmit UCI without DMRS.
Proposal 4: The first column of RM encoder table should be omitted when reusing Rel-15 scheme to transmit UCI without DMRS.
3 Conclusion
In this contribution, we provide our view on the PUCCH coverage enhancement and we propose that,
Proposal 1: Sequence based transmission (PUCCH format 0 sequence to transmit UCI by cycling shift) could be studied to enhance PUCCH format 1 (supporting OCC multiplexing in time domain) for UCI up to 2 bits.
Proposal 2: Sequence based transmission could be studied to enhance PUCCH transmission for UCI larger than 2 bits and up to X bits.
Proposal 3: X = 7 if orthogonal sequence is agreed and X = 11 if non-orthogonal sequence is agreed.
Proposal 4: The first column of RM encoder table should be omitted when reusing Rel-15 scheme to transmit UCI without DMRS.
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