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1. Introduction
This document summarizes initial views on NR further coverage enhancements to be supported in Rel-18.

2. Discussion
In Rel-18 NR further coverage enhancements, three sub-agendas are provided: PRACH coverage enhancements, power domain enhancements and dynamic switching between DFTS-OFDM and CP-OFDM.
For PRACH coverage enhancements, FG 54-1 was agreed to be introduced in RAN1#114 meeting. In RAN1#114bis meeting, part of open issues on FG 54-1 were concluded as follows.
	Agreement @RAN1#114bis
· Component of FG 54-1 is confirmed as: Support of multiple PRACH transmissions with the same Tx spatial filter. Support {2, 4, 8} for the number of multiple PRACH transmissions with the same Tx spatial filter.
· The column of “Consequence if the feature is not supported by the UE” in FG 54-1 is confirmed as: UE doesn’t support multiple PRACH transmissions with the same Tx spatial filter

Agreement @RAN1#114bis
· The column of “Need for the gNB to know if the feature is supported” for FG54-1 is confirmed as “Yes” 




Based on the progress of RAN1#114bis meeting, the current status of FG 54-1 is as following, with highlighted parts to be further discussed.
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx spatial filter.
Support {2, 4, 8} for the number of multiple PRACH transmissions with the same Tx spatial filter.

FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions with the same Tx spatial filter.
	
	N/A
	N/A
	N/A
	
	Optional with capability signalling.



According to RAN2#123bis agreement, separate UE capability for CFRA with Msg 1 repetition is not needed. Therefore, the FFS on whether to separate this FG for CBRA and CFRA can be deleted.
	RAN2 assumes that a separate UE capability for CFRA with MSG1 repetition is not needed



For Type of this FG, we do not identify a strong need to define this with finer granularity, such as per BC/FC/FCPC. From technical point of view, we believe per UE or per band should be sufficient, and our slight preference is put on per UE given its smaller reporting overhead. Note that, even if it is defined per UE, we do not see a strong need of either FDD/TDD differentiation or FR1/FR2 differentiation, although we do not have strong opinion on this. 

Proposal 1: For FG 54-1, we propose the following:
· No separation of this FG for CBRA and CFRA
· Per-UE or per-band for Type
· If per-UE is supported, 
· No FDD/TDD differentiation
· No FR1/FR2 differentiation

For dynamic switching between DFTS-OFDM and CP-OFDM, the latest status is as follows: 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	54. NR_cov_enh2
	54-3
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].

FFS whether to separate this FG for multi-PUSCH scheduling

FFS whether/how to separate this FG for single-carrier case and multiple-carrier case
	
	Yes
	
	Dynamic waveform switching is not supported 
	FFS
	N/A
	N/A
	N/A
	If UE supporting this FG supports FG 11-1, the UE supports FG 54-3 with DCI format 0_2
	Optional with capability signaling.

	54. NR_cov_enh2
	54-3a
	PHR enhancement for dynamic waveform switching 
	Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH
	54-3
	Yes
	N/A
	
	
	
	
	
	
	Optional with capability signaling.



For FG 54-3, there are a few FFS points for components: 
· On the support of DWS in DCI format 0_3, neither CovEnh WI nor MCE WI discuss this issue sufficiently. In RAN1#114bis, it was suggested by Chair that MCE WI maintenance session treats this issue in the future. Therefore, although we are technically ok to support this, it seems further discussion in MCE WI maintenance is needed. And then, if MCE maintenance reaches a consensus to support DWS for DCI format 0_3, RAN1 can continue the discussion on how to define the corresponding FG for this functionality. Even in this case, it could be more straightforward to have that discussion in MCE UE feature session in our view (although we are totally open for the discussion place). With this approach, we would assume neither CovEnh maintenance nor UE feature session will require further discussions on “DWS + DCI 0_3” issue. Thus, our suggestion for FG 54-3 would be to remove “[0_3]”. 
· For the issue on FG separation for multi-PUSCH scheduling, we think DWS for single PUSCH scheduling and for multi-PUSCH scheduling require almost the same UE behavior. Thus, for a band where UE supports multi-PUSCH scheduling, the support of DWS should be able to imply both for single PUSCH scheduling and multi-PUSCH scheduling without additional FG. In the meanwhile, this aspect may also depend on the Type of FG 54-3. For instance, if FG 54-3 is defined per UE, and also defined for both single PUSCH scheduling and multi-PUSCH scheduling, this FG may require different testing depending on bands, especially depending on whether multi-PUSCH scheduling is supported or not. This may cause “under reporting” issue, and if so, FG separation between single PUSCH scheduling (which should be covered by FG 54-3) and multi-PUSCH scheduling (which can be covered by another FG) may be reasonable. 
· For the issue of multi-CC support, we believe FG 54-3 can report the support of DWS at least for inter-band CA as well as single-CC operation. Meanwhile, for intra-band CA operation, we expect UE/chip vendors would prefer to treat differently, which is indeed understandable. After some discussions in RAN1#114bis, the following alternative is proposed:
· Alt-1: Define FG 54-3 for the support of DWS in the operation with both single-CC and inter-band CA, with a Note that says“UE does not expect to be configured with more than 1 carrier per band if this feature is enabled”
Our understanding is that with this alternative 1, the FG 54-3 can report the support of DWS for single-CC operation and for inter-band CA operation, while it is clarified that DWS is not yet supported for intra-band CA operation. A potential concern of this approach would be the risk of under-reporting especially when the UE implements inter-band CA by sharing a single PA across the bands. Since we think such an implementation is not a majority, the alternative approach would still be preferable in our view. 
Based on this approach, one missing case in our understanding is intra-band non-contiguous CA, which we believe also considers an implementation of separate PA per CC. Given that the implementation should be similar to the one for inter-band CA operation, we believe the support of DWS for this operation should also be defined, and can also be incorporated in FG 54-3. Meanwhile, if there is a concern, we would be ok to define another FG for reporting this. 
With the above approach, RAN1 also needs to discuss Type for this FG. Based on the approach above, we believe the candidates would be either per UE or per band. Our current view is that per band could be more natural, considering that the assumption of CCs in a band could be different in different band. Meanwhile, we would also be ok to go with per UE, in which we assume FR1/FR2 differentiation could also be considered. 
For FG 54-3a, RAN2 agreed to support PHR enhancement, and RAN1 has received an LS related to this decision. However, since we have already agreed to define this FG itself, we do not see so many remaining issues for this FG. The only point that needs to be concluded is Type, however, since Type of FG 54-3 (prerequisite FG of 54-3a) is still under discussion, we think it should be safer to postpone the discussion of FG 54-3a Type, considering RAN2 guidance that suggests finer granularity than prerequisite FG. 
In summary, for UE features related to dynamic waveform switching, we have the following proposal
[bookmark: _Hlk146273527]Proposal 2: For FG 54-3, we propose the following:
· For components, 
· For the support of DWS for DCI 0_3, further discuss in MCE WI maintenance session, and remove [0_3] from FG 54-3 for now
· For the combination of DWS and multi-PUSCH scheduling, assuming per-band for FG 54-3, additional FG is NOT necessary
· For the support of DWS for multi-carrier case, conclude (and clarify, if needed) this FG implies the support of DWS for single-CC operation and for inter-band CA operation
· Adding a Note to alleviate a potential UE implementation burden for intra-band CA operation, e.g., “UE does not expect to be configured with more than 1 carrier per band if this feature is enabled”
· Additionally, discuss how to report the support of DWS for intra-band non-contiguous CA
· Type of FG 54-3 should be per band or per UE with FR1/FR2 differentiation

Proposal 3: For FG 54-3a, defer RAN1 discussion until at least Type of FG 54-3 is concluded

3. Conclusions
Proposal 1: For FG 54-1, we propose the following:
· Keep “with same Tx beam”.
· NOT to separate FG 54-1 for CBRA and CFRA.
· Put yes for the need for gNB to know if it is supported.
· Per-UE or per-band for Type

Proposal 2: For FG 54-3, we propose the following:
· For components, 
· For the support of DWS for DCI 0_3, further discuss in MCE WI maintenance session, and remove [0_3] from FG 54-3 for now
· For the combination of DWS and multi-PUSCH scheduling, assuming per-band for FG 54-3, additional FG is NOT necessary
· For the support of DWS for multi-carrier case, conclude (and clarify, if needed) this FG implies the support of DWS for single-CC operation and for inter-band CA operation
· Adding a Note to alleviate a potential UE implementation burden for intra-band CA operation, e.g., “UE does not expect to be configured with more than 1 carrier per band if this feature is enabled”
· Additionally, discuss how to report the support of DWS for intra-band non-contiguous CA
· Type of FG 54-3 should be per band or per UE with FR1/FR2 differentiation

Proposal 3: For FG 54-3a, defer RAN1 discussion until at least Type of FG 54-3 is concluded
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4. Appendix
Below are potential updates for FG 54-x based on our proposals:
54. NR_cov_enh2
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx spatial filter.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx spatial filter.

FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions with the same Tx spatial filter.
	Per UE or per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling.

	54. NR_cov_enh2
	54-3
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3] for single CC operation and inter-band CA operation.

FFS whether to separate this FG for multi-PUSCH scheduling

FFS whether/how to separate this FG for single-carrier case and multiple-carrier case
	
	Yes
	
	Dynamic waveform switching is not supported 
	FFSPer UE or per band
	N/A
	N/A
	N/A
	If UE supporting this FG supports FG 11-1, the UE supports FG 54-3 with DCI format 0_2
[UE does not expect to be configured with more than 1 carrier per band if this feature is enabled]
	Optional with capability signaling.

	54. NR_cov_enh2
	54-3a
	PHR enhancement for dynamic waveform switching 
	Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH
	54-3
	Yes
	N/A
	
	
	
	
	
	
	Optional with capability signaling.








