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1. Introduction
At the RAN1#102-e meeting, Potential techniques for PUCCH coverage enhancements were discussed and following agreements were made [1].

	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
Conclusion: 
For the performance evaluation of PUCCH coverage enhancement schemes under 8.8.2.2, use PUCCH simulation assumptions agreed under 8.4.1 in RAN1#101e as a baseline. Companies are encouraged to report additional simulation parameters/assumptions particular to their proposed schemes together with the simulations results in RAN1 #103e. 



In this contribution, we discuss on the potential techniques for coverage enhancements for PUCCH based on our link budget evaluation results introduced in [2-3].

2. Discussion on potential techniques for coverage enhancements
In [2-3], we introduce our link budget evaluation results for FR1 and FR2 as a baseline coverage performance in order to identify the performance target for coverage enhancement. Based on the link budget evaluation results, we found that the techniques for coverage enhancements for PUCCH short format should be considered.

· Improvement of coverage performance for PUCCH short formats
From the NW operation point of view, since large number of BS antenna beams would be used in FR2 to compensate coverage performance, PUCCH with long duration may not be appropriate for NW operation in FR2 due to large overhead with analogue beam constraint. Figure 1 shows PUCCH resource mapping for SR with considering BS antenna beam sweeping. As shown in Fig.1, in case of 14 symbols for PUCCH long format, PUCCH for SR needs to be configured for e.g. 24 UL slots (in case that the number of BS antenna beams is 24), while 4 slots are sufficient for the same number of beams with PUCCH short format with 2 symbols duration. Therefore, PUCCH short format should be considered for the baseline coverage performance for FR2 with considering practical NW operation of using large number of BS antenna beams.
Figure 2 shows the outline of BS antenna beam sweeping and its coverage area. As shown in Fig.2, upper BS antenna beams for elevation angle covers cell edge UEs, therefore improvement of PUCCH coverage performance is necessary for the upper beams, and improvement of PUCCH coverage performance for the other beams may not be necessary. One of the solution using current Rel-15/16 spec is using PUCCH long formats for the upper beams and PUCCH short formats for the other beams. On the other hand, using different PUCCH formats for different antenna beams may cause complexity for the NW configuration and implementation, and hence using a single PUCCH format for all beams within the cell is a simple and straightforward way for the NW configuration and operation. 
Therefore, PUCCH formats 0/2 are also selected for our link budget evaluation for FR2 [3], and we found that improvement of PUCCH formats 0/2 are necessary. One of the potential techniques for coverage enhancement for PUCCH short formats is installing repetition for PUCCH short formats as well as repetition for format 1, 3, 4. In addition, considering the potential large number of BS antenna beams in FR2 operation, some additional techniques for the repetition for PUCCH short formats, e.g., intra slot and/or configurable symbol position for the repetition, may also be necessary. As for the other potential technique for short PUCCH format, a sequence based PUCCH transmission, which was prioritized for the study, can be applied to PUCCH format 2 as well as long PUCCH formats. Therefore, the sequence based PUCCH transmission if supported as PUCCH enhancements should be applied to PUCCH format 2 as well as long PUCCH formats.
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Figure 1: PUCCH resource mapping with considering BS antenna beam sweeping.
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Figure 2: Outline of BS antenna beam sweeping and its coverage area.

Proposal 1: Improvement of PUCCH short formats should be considered for coverage enhancement. A repetition for short formats can be one of the potential techniques, and a sequence based PUCCH transmission if supported as PUCCH enhancements should be applied to PUCCH format 2 as well as long PUCCH formats. 

3. Conclusion
In this contribution, we discussed on the potential techniques for PUCCH coverage enactments based on our link budget evaluation results introduced in [2-3]. Based on the discussion we made following proposal.

Proposal 1: Improvement of PUCCH short formats should be considered for coverage enhancement. A repetition for short formats can be one of the potential techniques, and a sequence based PUCCH transmission if supported as PUCCH enhancements should be applied to PUCCH format 2 as well as long PUCCH formats. 
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