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1. Introduction
Rel-17 coverage enhancement study item is concluded in RAN1 with extensive study on numerous scenarios and all UL/DL channels including FR1 and FR2. Observations are made from different angles and the potential bottleneck channels are identified. In this contribution, considering the results of study and Rel-17 work load, we discuss the potential scope of work item for coverage enhancement in Rel-17.
2. Discussion
Following channels are identified as potential bottlenecks in terms of coverage for FR1 and FR2.

FR1:

· 1st priority 
· PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)

· PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)

· 2nd priority  

· PRACH format B4 
· PUSCH of Msg.3

· PUCCH format 1

· PUCCH format 3 with 11bit 
· PUCCH format 3 with 22bit 
· Broadcast PDCCH
FR2:

· PUSCH eMBB (DDDSU and DDSU)

· PUSCH VoIP (DDDSU and DDSU)

· PUCCH F3 11bits

· PUCCH F3 22bits

· PRACH B4

· PUSCH of Msg3

In FR1, PUSCH with given data rate (defined in SID) is the bottleneck channel in all evaluated scenarios. Considering the absolute MCL value, PUSCH for VoIP is also the main limiting channel in terms of coverage. The second priority channels are identified as potential bottleneck channels using relative MIL values. In FR2, almost all UL channels don’t meet the target of MPL with 200m ISD, where PUSCH eMBB is the most challenging one with nearly 20dB gap in MPL value. A list of channels are identified as potential bottleneck channels using PUCCH F1 coverage as baseline. 
Below, we discuss the potential channels requiring enhancement and relevant techniques which have been studied in RAN1. For FR1, the 1st priority channels should be enhanced while the 2nd priority channels are little bit controversial. Although, PUSCH is the most coverage limited channel in FR2, no prioritization is done. 
· PUSCH
PUSCH is the clearest bottleneck channel in all of the physical channels/signals evaluated. Four candidate solutions are recommended for further study in WI phase, in which RAN1 leading study may include following items.
· Enhancements on PUSCH repetition type A in Rel-17, including
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.

· Option 2: The number of repetitions counted on the basis of available UL slots.

· TB processing over multi-slot PUSCH in Rel-17, including:
· TBS determined based on multiple slots and transmitted over multiple integer slots.

· Joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:

· Joint channel estimation over consecutive PUSCH transmissions

· Inter-slot frequency hopping with inter-slot bundling

For PUSCH repetition type-A, it is simple solution to further extend the number of repetitions or count the repetitions based on the available UL slots, and the spec impact is limited. 
For Joint channel/estimation and DMRS bundling, the benefit is justified by sufficient evaluations, the key is to maintain phase continuity in the consecutive transmissions, potential impact on specifications and UE behaviors, such as power control and TA adjustment to guarantee phase continuity, require RAN4 involvement.
For TB processing over multiple integer slots, the applicable TDD configuration is limited, since it requires at least two consecutive limited slots, which can be hardly used in frame structure like DDSU and DDDSU. Besides, there would be nonnegligible specification impacts, such as TDRA, TBS determination, and RV determination, as captured in TR. And, from the coverage gain point of view, supporting both PUSCH repetition type A and TB processing over multiple slots are duplicated. Due to its limited applicability and nonnegligible specification impacts, TB processing over multiple integer slots can be considered as lower priority enhancements for PUSCH enhancement in Rel-17.
Proposal 1: For PUSCH enhancements, different priorities should be considered for different enhancement.
· Enhancements on PUSCH repetition type A and Joint channel estimation or DM-RS bundling for PUSCH can be considered.
· TB processing over multiple integer slots should be down prioritized.
· PUCCH

Several PUCCH enhancement techniques are studied during SI phase, and following solutions are considered as high priority:
· DMRS bundling cross PUCCH repetitions
· Type-B PUSCH repetition like PUCCH repetition
· DMRS less PUCCH (sequence based PUCCH)
· Indication of PUCCH repetition factor dynamically
However, no solutions are recommended by RAN1. Hence, decisions should be made in RAN plenary to determine the solutions to be specified in WI phase. 
For DMRS bundling across PUCCH repetitions, it is similar to DMRS bundling/joint channel estimation for PUSCH enhancements. With similar solutions considered for PUSCH enhancements, the additional change in UE implementation is limited if it is also introduced for PUCCH enhancements. Hence, DMRS bundling across PUCCH repetitions can also be considered for PUCCH enhancements in WI phase.
For Type-B PUSCH repetition like PUCCH repetition, it can increase the amount of available PUCCH resources for PUCCH repetition and leading to better coverage. Besides, since type-B PUSCH repetition has already been supported in Rel-16, it would not be complicated for UE or gNB to implement similar repetition scheme for PUCCH repetitions. Hence, Type-B PUSCH repetition like PUCCH repetition can also be considered for PUCCH enhancements in WI phase.
For DMRS less PUCCH, it is mainly beneficial for UCI with smaller payload, otherwise it would lead to significant receiver complexity and sequence design. Due to limited applicability, DMRS less PUCCH can be considered as medium priority.
For dynamic indication of PUCCH repetition factor, the enhancement is mainly for improving the efficiency of PUCCH repetition rather than improving the coverage, hence it can be considered as low priority for further enhancement.
Proposal 2: For PUCCH enhancements, following priorities can be considered among the techniques studied in SI.

· DMRS bundling across PUCCH repetitions and Type-B PUSCH repetition like PUCCH repetition can be considered as high priority.
· DMRS less PUCCH can be considered as medium priority.

· Dynamic indication of PUCCH repetition factor should be considered as low priority.
· Channels other than PUSCH and PUCCH

For channels other than PUSCH and PUCCH, MSG3, PRACH and broadcast PDCCH are identified as potential bottleneck channels by evaluation in SI phase. However, not all these channels need to be enhanced in WI phase.
PRACH

For PRACH enhancement, the potential solutions considered in SI phase is preamble repetition with same beam or different beams. Although it can be observed that PRACH repetition can achieve better performance in link level simulation with simple setup, it does not necessarily mean better performance for a PRACH procedure. There are following potential issues if PRACH repetition is introduced.
· Higher PRACH collision rate. The PRACH capacity is reduced by N times if repeated N times, which means higher collision rate and leading to degraded PRACH performance and longer access delay, impact to overall system performance and user experience is not clear.

· For multiple PRACH transmission with the different beams, the motivation is to further exploit the beamforming gain for the transmissions in PRACH procedure. The performance gain should be based on accurate measurement on the PRACH signals. However, in a contention based PRACH procedure, different users may transmit same PRACH preamble in the same RACH occasion, gNB would have inaccurate measurement on the ROs if collision occurs.
· There would be significant specification impacts in both RAN1 and RAN2, and the applicability for PRACH procedure for different purposes should be discussed case by case.
With uncertain gain and above concerns for multiple PRACH transmission, PRACH repetition should not be considered as an objective of coverage enhancement WI.
MSG3
For MSG3 PUSCH, it is identified as bottleneck channels in both CovEnh SI and RedCap SI, and MSG3 repetition scheme can mostly reuse the schemes for repetition in RRC connected. The additional impacts to specification and implementation can be limited. Hence, MSG3 repetition can be considered as part of WI objective.
Broadcast PDCCH

For broadcast PDCCH, the coverage issue is only identified when the PSD of gNB is assumed to be 24dBm/MHz, which is quite a low transmission power compared with the simulation assumptions in IMT-2020. This kind of gNB deployment is mainly suitable for scenarios with low ISD requirement. Hence, the enhancement for broadcast PDCCH should not be considered.
Proposal 3: For channels other than PUSCH and PUSCHs, 
· MSG3 repetition can be considered as part of WI objective.
· Multiple PRACH transmission and enhancement on broadcast PDCCH are not considered in WI.
3. Conclusion
In this paper, we discussed the potential channels for coverage enhancement, from the outcome of RAN1 study following scope for work item is proposed:
Proposal 1: For PUSCH enhancements, different priorities should be considered for different enhancement.

· Enhancements on PUSCH repetition type A and Joint channel estimation or DM-RS bundling for PUSCH can be considered.
· TB processing over multiple integer slots should be down prioritized.
Proposal 2: For PUCCH enhancements, following priorities can be considered among the techniques studied in SI.

· DMRS bundling across PUCCH repetitions and Type-B PUSCH repetition like PUCCH repetition can be considered as high priority.

· DMRS less PUCCH can be considered as medium priority.

· Dynamic indication of PUCCH repetition factor should be considered as low priority.
Proposal 3: For channels other than PUSCH and PUSCHs, 
· MSG3 repetition can be considered as part of WI objective.
· Multiple PRACH transmission and enhancement on broadcast PDCCH are not considered in WI.
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