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In RAN#86, the new SID on NR coverage enhancement was approved [1]. The following can be noted from SID objectives:
· 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.
As noted in the SID, PUSCH and PUCCH are the two target channels for coverage enhancement. This contribution focus on the PUCCH coverage enhancement. Potential solutions for PUSCH coverage enhancement are discussed in our companion contribution [2]. Note that some solutions for PUSCH may also be considered for PUCCH, if applicable. 
2		Discussion
In RAN1#102-e, the following had been agreed for the study of PUCCH coverage enhancement:
“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]”.
In this contribution, we discuss the above approaches and solutions, which are prioritized for the study of PUCCH coverage enhancement.
· DMRS-less PUCCH
Aside from the cross-slot joint channel estimation technique, which was proposed for PUSCH as discussed in our companion contribution [2] and is applicable for PUCCH as well, DMRS-less transmission has also been proposed as a possible PUCCH coverage enhancement solution. Differently from the DMRS-less terminology proposed for PUSCH, DMRS-less for PUCCH aims at extending the concept of sequence-based noncoherent transmission of PUCCH (similar to PUCCH format 0 in Rel-15) and applying it for a larger UCI payload. A given UCI payload in bits is thus mapped into a sequence taken from a specific sequence pool before transmission. Neither channel coding nor DMRS insertion are needed in this case. DMRS-less noncoherent transmission may indeed offer better performance at low SNR, as compared to its DMRS-based coherent counterpart, due to poor channel estimation or low coding gain of the latter at low SNR. However, one should note that extending the sequence-based noncoherent transmission technique to transmit more than 2 bits UCI would require a rather large sequence pool and consequently entail larger complexity and memory requirement burden to the receiver. 
[bookmark: _Toc53786568]Observation 1. Extending the sequence-based noncoherent transmission technique to transmit more than 2 bits UCI would require a rather large sequence pool and thus likely entail larger complexity and memory requirement burden to the receiver.
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition
As discussed in several contributions in RAN1#101-e (AI 8.4.2) and RAN1#102-e (AI 8.8.2.2), the current PUCCH repetition procedure shows limitation under some circumstances. It is argued that such procedure can be optimized to enhance PUCCH coverage. Indeed, considering DDDSU frame structure and long format PUCCH, the only valid configuration is to fit the PUCCH in the full uplink slot as shown in Figure 1. The drawback here is twofold. First, the uplink symbols in S slot is not used for PUCCH transmission. Secondly, when PUCCH repetition is considered, the next available UL slot for PUCCH repetition is in the next frame. In this case, the network must delay HARQ-ACK feedback of all PDSCHs to the next frame if the UL slot is used for repetition, which increases the complexity and HARQ-ACK latency. In contrast, if short format PUCCH is considered, repetition can happen between the UL symbols in S slot and the same symbol indices in the U slot. However, part of the U slot is not used for PUCCH transmission in this case. 
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[bookmark: _Ref46697119]Figure 1. DDDSU TDD frame structure.
From the example above, we observe that the use of the time domain resource should be optimized to enhance the coverage of PUCCH. One potential solution would be to apply similar repetition scheme as PUSCH repetition type B for PUCCH repetition. Indeed, this solution can leverage the time domain resource by, for example, configuring the time domain resource for the initial PUCCH repetition to be the time domain resource of the UL symbols in the S slot. In this case, the mini-slot repetition can happen in also the entire U slot. Although this approach could potentially leverage all time domain resource, it seems to be beneficial for short format PUCCH repetition only, with low payload size. However, long format PUCCH shows better coverage and should be considered as main candidate for coverage enhancement. In addition, the gain from repetition for PUCCH may not be so high as compared to the one observed for PUSCH. 
[bookmark: _Toc53786569]Observation 2. Rel-16 PUSCH-repetition-Type-B like PUCCH repetition would be more beneficial for short PUCCH format than long PUCCH format, which offers better coverage and should be considered as main candidate for PUCCH enhancement.
Another potential solution would be to allow contiguous PUCCH transmission. The main drawback of this technique however is the possible additional complexity of cross-slot transmission. However, if the “TB processing with a single TB sized for multiple slots and transmitted on multiple slots” solution is considered for PUSCH coverage enhancement, the contiguous PUCCH transmission could be considered for PUCCH coverage enhancement as well.
[bookmark: _Toc53786570]Observation 3. If the “TB processing with a single TB sized for multiple slots and transmitted on multiple slots” solution is considered for PUSCH coverage enhancement, the contiguous PUCCH transmission could be considered for PUCCH coverage enhancement as well.
· Dynamic PUCCH repetition factor indication
Dynamic indication of the number of PUCCH repetitions was also proposed as one possible enhancement, instead of statically configuring them via higher-layer signaling, i.e., RRC. On the one hand, dynamic indication of repetition number could help providing more flexibility. On the other hand, this does not solve the issue of lack of UL slots in TDD deployment. In other words, dynamic PUCCH repetition factor indication cannot be considered as an independent solution for PUCCH coverage enhancement. In contrast, it is unclear how this dynamic PUCCH repetition factor indication can work together with other repetition schemes, e.g. the Rel-16 PUSCH-repetition-Type-B like PUCCH repetition.
[bookmark: _Toc53786571]Observation 4. Dynamic PUCCH repetition factor indication cannot be considered as an independent solution for PUCCH coverage enhancement.
It is worth mentioning that discussion about PUCCH repetition enhancements are taking place also in Rel-17 Enhanced IIoT& URLLC WI and M-TRP enhancements in the Rel-17 MIMO WI. This concurrence issue has been discussed in RAN#89-e and concluded that the handling of overlapped objectives involving these WIs/SI is to be discussed in RAN#90-e, with a note that discussion in RAN1#103-e for each of the above items is based on the respective WID or SID. Therefore, the design of any repetition framework for PUCCH should only aim for coverage enhancement in this SI.
[bookmark: _Toc53786555]Proposal 1. The design of any enhanced repetition framework for PUCCH in this SI/WI, if any, shall only target coverage enhancement goals.
· DMRS bundling across PUCCH repetitions
The DMRS bundling across PUCCH repetitions relies on the same principle as cross-slot channel estimation solution for PUSCH coverage enhancement, as discussed in our companion contribution [2]. Therefore, the necessity and feasibility of introducing both approaches can be discussed/considered together.

3	Conclusions
In this contribution, we discussed the potential directions for the study of coverage extension in Rel-17. The following have been observed:
Observation 1. Extending the sequence-based noncoherent transmission technique to transmit more than 2 bits UCI would require a rather large sequence pool and thus likely entail larger complexity and memory requirement burden to the receiver.
Observation 2. Rel-16 PUSCH-repetition-Type-B like PUCCH repetition would be more beneficial for short PUCCH format than long PUCCH format, which offers better coverage and should be considered as main candidate for PUCCH enhancement.
Observation 3. If the “TB processing with a single TB sized for multiple slots and transmitted on multiple slots” solution is considered for PUSCH coverage enhancement, the contiguous PUCCH transmission could be considered for PUCCH coverage enhancement as well.
Observation 4. Dynamic PUCCH repetition factor indication cannot be considered as an independent solution for PUCCH coverage enhancement.

In addition, the following proposal has been made:

Proposal 1. The design of any enhanced repetition framework for PUCCH in this SI/WI, if any, shall only target coverage enhancement goals.
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