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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. In this contribution, we discuss the potential approaches and solutions for PUCCH. 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
2.1 Possible enhancements in time domain
As discussed in several contributions in RAN1#101-e (AI 8.4.2), 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. Firstly, 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 in 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. 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 to provide more flexibility in such scenario. On the other hand, this does not solve the issue of lack of full UL slots in TDD deployment. 
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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 allow contiguous PUCCH transmission. The main drawback of this technique however is the possible additional complexity of cross-slot transmission, as discussed in our companion contribution for PUSCH coverage enhancements [2]. UCI segmentation, similar to TBS segmentation for PUSCH as mentioned in [2], could be a better choice. In which, short format PUCCH could be transmitted on the UL symbols of the S slot followed by long format PUCCH on the U slot.
[bookmark: _Toc47717195]Proposal 1. The use of time domain resource should be optimized for PUCCH coverage enhancement.
2.2 Possible enhancements in spatial domain
In Rel-15, only a single antenna port is used for PUCCH transmission. Increasing number of antenna ports can be a potential approach to enhance PUCCH coverage by exploiting transmit diversity. Indeed, several contributions in RAN1#101-e AI 8.4.2 mentioned about the possibility of reintroducing the spatial orthogonal resource transmit diversity (SORTD) scheme, which was part of the LTE functionality, to enhance PUCCH coverage. Even though the gain of SORTD at 1%BLER can be further discussed and evaluated, one should note that this gain is achieved at the expense of using twice as many the PUCCH resources. If the two antenna ports use different resources in frequency domain, the noise power would double as compared to the single antenna port scenario. In addition, using more antenna ports at the same time may impact the effectiveness of beamforming gain, when and if used. Finally, it may be worth observing that any solution which leverages the spatial domain should be evaluated carefully to avoid overlapping with activities carried out in the context of MIMO SIs/WIs. 
[bookmark: _Toc47717196]Proposal 2. Potential solutions in spatial domain that entails general MIMO framework enhancement should be treated in the corresponding MIMO WIs. Other solutions, which could be tested via LLS, shall be carefully evaluated.
2.3 Possible DMRS enhancements
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, 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 apply it for a larger UCI payload. The UCI bits are mapped into a sequence taken from a 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 burden to the receiver. Since time allocated for this SI is limited, discussion on receiver complexity and optimized implementations should be avoided for the sake of efficiency.
[bookmark: _Toc47717197]Proposal 3: Solutions which entail a trade-off between performance and implementation complexity should be deprioritized in the Rel-17 NR coverage enhancement SI.
2.4 Other possible enhancements
One direction that could help reducing the coding rate, hence enhancing the coverage of PUCCH, is UCI payload reduction. In Rel-16 URLLC WI, new PDCCH formats have been introduced with the possibility of DCI payload reduction. In contrast, the UCI payload reduction has not attracted much attention. This is due to the fact that UCI can be transmitted on PUSCH, which offers more resources. However, to ensure low coding rate for PUCCH, one can consider techniques of reducing UCI payload on PUCCH such as UCI compression or introducing UCI formats with medium payload size. The priority rule of splitting UCI on PUCCH and UCI on PUSCH, e.g. for CSI, can also be discussed to further reduce the payload of PUCCH. Nevertheless, the gain of this approach should be further evaluated, and low priority should be assigned to this technique for this SI.
[bookmark: _Toc47717198]Proposal 4. The benefit of reducing UCI payload size for PUCCH coverage enhancement needs further evaluation and should be considered as low priority. 
[bookmark: _GoBack]3	Conclusions
In this contribution, we discussed the potential directions for the study of coverage extension in Rel-17. The following proposals have been made:
Proposal 1. The use of time domain resource should be optimized for PUCCH coverage enhancement.
Proposal 2. Potential solutions in spatial domain that entails general MIMO framework enhancement should be treated in the corresponding MIMO WIs. Other solutions, which could be tested via LLS, shall be carefully evaluated.
Proposal 3: Solutions which entail a trade-off between performance and implementation complexity should be deprioritized in the Rel-17 NR coverage enhancement SI.
Proposal 4. The benefit of reducing UCI payload size for PUCCH coverage enhancement needs further evaluation and should be considered as low priority.
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