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1 Introduction
In RAN1#102-e meeting, the following agreements and conclusion were made on PUCCH coverage enhancement [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
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 provide our views on potential techniques for PUCCH coverage enhancement in Rel-17.
2 [bookmark: OLE_LINK69]Discussion on PUCCH coverage enhancement
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits
In the last RAN1#102-e meeting, it was agreed to prioritize the study of Rel-16 PUSCH repetition Type B like PUCCH repetition at least for UCI<=11 bits.
In Rel-16 NR, PUSCH repetition Type-B was newly introduced for URLLC service, where starting symbol (S) and length (L) of the first nominal repetition is indicated and the number of nominal repetitions (K) is indicated as well. PUSCH transmission is repeated over K consecutive nominal repetitions without any gap symbols between two nominal repetitions. Due to such a ‘back-to-back’ PUSCH repetition, a gNB may decode the PUSCH transmission by only receiving partial PUSCH repetitions not all PUSCH repetitions so that it can reduce PUSCH transmission latency. 
[image: ]
Figure 1. PUSCH repetition Type B in Rel-16
For example, referring above figure 1, a UE is configured with PUSCH repetition Type-B and indicated to transmit a PUSCH in slot#n with S=12, L=4, and K=4. Then, the UE determines K=4 nominal repetitions as showed in figure 1. After determination of nominal repetition, the UE determines actual repetitions within slot boundary by taking slot boundary and invalid symbols into account. First, a single actual repetition cannot across the slot boundary. In figure 1, nominal#1 is segmented into actual#1 and actual#2 based on the slot boundary. Second, if there is “invalid symbol” that configured by a gNB, this “invalid symbol” cannot be used to PUSCH transmission. In figure 1, nominal#2 and nominal#3 are segmented as actual#3 and actual#4 respectively. Third, if an actual repetition has 1 symbol, this actual repetition is dropped. In figure 1, 2nd and 9th symbol in slot#n+1 are dropped. 
Since there are different characteristics between PUSCH and PUCCH (e.g., PUCCH format), it is not straightforward to apply the Rel-16 PUSCH repetition Type-B rule to PUCCH repeated transmission. For example, according to current NR specification, long PUCCH format (1/3/4) is allowed to transmit with PUCCH repetition, but short PUCCH format (0/2) with repetition is not allowed. Also, for all PUCCH formats, 3-symbol length PUCCH is not defined in Rel-15/16. 
[image: ]
Figure 2. Rel-16 PUSCH repetition Type B like PUCCH repetition
It is shown in figure 2 that the following 2 cases of Rel-16 PUSCH repetition Type-B like PUCCH repetition are compared.
Case 1: S=10, L=4, K=5.
Case 2: S=0, L=14, K=2.
In figure 2, there are 4 UL symbols at slot#n and 14 UL symbols at slot#n+1 available for PUCCH transmission. From two cases, a PUCCH transmission may occupy all UL symbols. For example, K=5 nominal repetitions of 4-symbol length are identified in case 1 and K=2 nominal repetitions are identified in case 2. As a result, case 1 provides PUCCH repetitions with same symbol length (i.e., 4-symbol length), while case 2 provides PUCCH repetitions with different symbol lengths (i.e., 4-symbol length and 14-symbol length). Also, the last actual repetition of 2-symbol length in case 1 cannot be used for long PUCCH format so that it may be dropped as shown in figure 2. Thus, to avoid dropping and obtain the higher coding gain for PUCCH transmission, it seems beneficial to consider the longer symbol length of nominal repetition for PUCCH repetition.
· Observation 1: If Rel-16 PUSCH repetition Type B rule is directly applied to PUCCH transmission, all available UL symbols can be used for PUCCH transmission. 
· Observation 2: To avoid dropping and obtain the higher coding gain for PUCCH transmission, it seems beneficial to consider the longer symbol length of nominal repetition for PUCCH repetition.
[image: ]
Figure 3. Options on Rel-16 PUSCH repetition Type B like PUCCH repetition
[bookmark: _Hlk53781966]In fact, PUSCH repetition Type-B enhancement is being studied in Rel-17 Coverage enhancement SI and so we discuss whether to study further PUSCH repetition type B enhancement for PUCCH repetition. For example, necessity of actual repetition across slot boundary is investigated below.
Option 1: Actual repetition across slot boundary
By allowing actual repetition across slot boundary, unnecessary segmentation of nominal repetitions can be avoided, and an actual repetition may take longer symbols. Moreover, actual repetition across slot boundary is crucial to avoid making less than 4-symbol length actual repetition. As mentioned earlier, if the length of an actual repetition is less than 4-symbol, the actual repetition may be dropped. For example, in option-1 of figure 3, nominal#1 is segmented into two actual repetitions with 2-symbol length if actual repetition across slot boundary is not allowed. In this case, two actual repetitions may be dropped. 
Option 2: Nominal/actual repetition boundary relaxation
Regarding option-2, consecutive nominal/actual repetitions are aggregated to make a PUCCH repetition with longer length than each of nominal/actual repetition. Similar to option-1, it can be crucial to avoid making an actual repetition with less than 4-symbol length. For example, in option-2 of figure 3, actual#2 occupies the symbols on two consecutive nominal repetitions of nominal#2 and nominal#3.  
Option 3. Defer to next available UL symbols
For option-3, 2 UL symbols in slot#n cannot be used for long PUCCH repetition, and it can be deferred to next available UL symbols. Compared to option-1 or 2, there are loss due to some skipped symbols (less than 4 symbols). 
Option 4. Whether to allow short PUCCH format repetition
In options-1, 2, and 3, we try to find longer PUCCH symbols or appropriate PUCCH symbols to repeat long PUCCH format. However, for option 4, actual repetitions with less than 4 symbols can be utilized with short PUCCH format. Thus, additional coverage gain can be obtained with mixed use of short and long PUCCH format on PUSCH repetition Type-B like PUCCH repetition. 
· Proposal 1: As a scheme for PUCCH coverage enhancement, for Rel-16 PUSCH-repetition-Type-B like PUCCH repetition, the following aspects should be considered.
· Actual repetition across slot boundary
· Nominal/actual repetition boundary relaxation
· Defer to next available UL symbols 
· Whether to allow short PUCCH format repetition 
3 Conclusion
In this contribution, we provided our views on potential techniques for PUCCH coverage enhancement in Rel-17 as follows: 
· Observation 1: If Rel-16 PUSCH repetition Type B rule is directly applied to PUCCH transmission, all available UL symbols can be used for PUCCH transmission. 
· Observation 2: To avoid dropping and obtain the higher coding gain for PUCCH transmission, it seems beneficial to consider the longer symbol length of nominal repetition for PUCCH repetition.
· Proposal 1: As a scheme for PUCCH coverage enhancement, for Rel-16 PUSCH-repetition-Type-B like PUCCH repetition, the following aspects should be considered.
· Actual repetition across slot boundary
· Nominal/actual repetition boundary relaxation
· Defer to next available UL symbols 
· Whether to allow short PUCCH format repetition 
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