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Introduction
In last meeting, FG structures for PRACH coverage enhancements and Dynamic waveform switching have been discussed [1] and some agreements was made [2].
In this contribution, we discuss the remaining issues of Rel-18 coverage enhancement UE features.
[bookmark: _Hlk115464106]Multiple PRACH transmissions with different numbers
PRACH coverage enhancement has been discussed in the previous meetings, the functions are necessary for repeating PRACHs. The number of repetitions {2, 4, 8} would be all supportable. If multiple values for the number of multiple PRACH transmissions are configured, support both options to differentiate between multiple PRACH transmissions with different numbers.
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated between multiple PRACH transmissions with different numbers.
In our view, there is no need to introduce two separate UE feature groups for the two options to differentiate between multiple PRACH transmissions with different numbers. PRACH repetition should be treated as single UE feature. However, for different bands, the UE may not commonly operate. Thus, it could be per band or per FS.
In last meeting, FG structure for PRACH coverage enhancements has been discussed and following agreements was made.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signaling 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 beam].
Support {2, 4, 8} for the number of multiple PRACH transmissions [with same Tx beams].

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



For UE which support multiple PRACH transmissions, it can select the repetition level according to requirement and capability in CBRA, and selects the repetition level based gNB indication in CFRA. Most of the functionalities of the multiple PRACH transmissions in CBRA and CFRA are the same, it is no need to separate FG for CBRA and CFRA.
Proposal 1: No need to separate FG for CBRA and CFRA. Remove “FFS whether to separate this FG for CBRA and CFRA”  and add “for CBRA and CFRA” in the first component.
For PRACH coverage enhancements, both multiple PRACH transmissions with the same beam and different beams are discussed in AI 9.12.1. In RAN1#112 meeting, there is an agreement on the number of multiple PRACH transmissions with same Tx beams, but we have no consensus to support the multiple PRACH transmissions with different beams. Maybe we can remove the [] for “[with the same Tx beam]”.
	Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
Conclusion
There is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18.


Proposal 2: Remove the [] for “[with the same Tx beam]”.
Proposal 3: For type of “Multiple PRACH transmissions with different numbers”, per-UE or per-band should be sufficient.
Proposal 4: For PRACH coverage enhancements, adopt the following FG.
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions [with the same Tx beam] for CBRA and CFRA.
Support {2, 4, 8} for the number of multiple PRACH transmissions [with same Tx beams].

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



Power Domain Enhancement
Enhancements to reduce MPR/PAR and “Increasing UE power high limit for CA and DC” has been discussed in the previous meetings. RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any. RAN1 has discussed advantages and disadvantages of solutions on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report have been analyzed for different reporting mechanisms, triggers, and reporting periodicities.
For Power Domain Enhancement, it depends on detailed RAN4 input. RAN4 discussed the enhancements on increasing UE power high limit for CA and DC and has provided the following recommendation and guidance [3][4].
	R1-2306367 (R4-2310500)
With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:
· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.

R1-2308815 (R4-2314728)
Although R4-2310500 explicitly stated that the occasion of reporting ΔPPowerClass should be limited to when configured duty cycle is exceeded, it was not only what RAN4 intended to state. RAN4’s intention is reporting ΔPPowerClass should be limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. Hence, the exchange of ΔPPowerClass is allowed for when maximum transmission power falls as well as it rises. In summary, the main bullet and the 1st sub-bullet in the LS are corrected as follows:
· enable UE report on ΔPPowerClass to indicate which power class requirements that the UE is referring to where only ΔPPowerClass (power reduced) resulting from duty cycle exceedance or ΔPPowerClass (power return) resulting from duty cycle reduction  
· The occasion of the report should be limited to either when the scheduled duty cycle exceeds the UE maximum duty cycle capability or reduces to equal to or below the UE maximum duty cycle capability after exceedance.
It is also noted that RAN4 agreed that full-power MIMO transmission capability reporting corresponding to the applicable power class requirements is the only feature that can be combined with ΔPPowerClass at this writing. 


Further NR coverage enhancements were discussed and following proposals were endorsed in RAN#100 [5].
	Proposal #1 (endorsed)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact


It may not necessary consider enhancements to the PHR report in Rel-18, and no RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI. In last meeting, RAN1 made following conclusion. 
	Conclusion
No further discussion related to enhancements for reducing MPR/PAR objective in RAN1 in Rel-18.


Proposal 5: No RAN1 FG for reducing MPR/PAR objective are needed for Power domain enhancements.
For increasing UE power higher limit for CA/DC, the detailed solution discussions are still on going. RAN1 sent LS to RAN4 in RAN1#114, and RAN4 sent a LS to RAN1 [4] that will be discussed in RAN1#114bis. In our views, we suggest to wait for the progress in AI 8.8.2 first before discussing potential UE feature for increasing UE power higher limit for CA/DC.
Proposal 6: The discussion of UE FG for increasing UE power higher limit for CA/DC could be postpone.

Dynamic Waveform Switching 
UE with DWS Should have perquisite of DFT transform precoding capability. DFT-S-OFDM waveform is beneficial for UL coverage limited scenario because of its lower PAPR compared with CP-OFDM waveform. Dynamic switching between DFT-S-OFDM and CP-OFDM has been discussed in the previous meetings. In PHR enhancement discussion, in order to assist gNB decision on waveform switching, UE has to report PHR of assumed PUSCH whose waveform is different from the actual PUSCH transmission.
In last meeting, FG structure for Dynamic waveform switching has been discussed and following agreements was made.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signaling 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 DCI 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
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	FFS
	N/A
	N/A
	N/A
	
	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
FFS details
	
	
	
	
	
	
	
	
	
	



For a Rel-18 UE supporting dynamic switching between DFT-S-OFDM and CP-OFDM, it supports DWS for PUSCH transmissions dynamically scheduled by different DCI formats. RAN1 has made some agreements on the different DCI formats.
	Agreement (TBC): 
Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



We do not see a strong difference on DWS between DCI 0_1 and 0_2, we prefer single UE feature for different DCI formats.
Proposal 7: Single UE feature for Dynamic Waveform Switching. No need to separate this FG for different DCI formats.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 8: It could be Per UE indication, without FDD/TDD differentiation for Dynamic Waveform Switching.
Proposal 9: Support separate this FG for multi-PUSCH scheduling and separate this FG for single-carrier case and multiple-carrier case.
Proposal 10: For Dynamic waveform switching, adopt the following FG.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signaling 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
	Yes
	
	Dynamic waveform switching is not supported 
	Per UE
	N/A
	N/A
	N/A
	
	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
FFS details
	
	
	
	
	
	
	
	
	
	

	54. NR_cov_enh2
	54-3b
	Dynamic waveform switching for multi-PUSCH scheduling
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	Per UE
	N/A
	N/A
	N/A
	
	Optional with capability signaling.

	54. NR_cov_enh2
	54-3c
	Dynamic waveform switching for single-carrier case and multiple-carrier case
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	Per UE
	N/A
	N/A
	N/A
	
	Optional with capability signaling.





Conclusion
In this contribution, we discuss the remaining issues of Rel-18 coverage enhancement UE features. As summary, we propose:
· PRACH coverage enhancements
Proposal 1: No need to separate FG for CBRA and CFRA. Remove “FFS whether to separate this FG for CBRA and CFRA”  and add “for CBRA and CFRA” in the first component.
Proposal 2: Remove the [] for “[with the same Tx beam]”.
Proposal 3: For type of “Multiple PRACH transmissions with different numbers”, per-UE or per-band should be sufficient.
Proposal 4: For PRACH coverage enhancements, adopt the following FG.
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions [with the same Tx beam] for CBRA and CFRA.
Support {2, 4, 8} for the number of multiple PRACH transmissions [with same Tx beams].

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



· Power Domain Enhancement
Proposal 5: No RAN1 FG for reducing MPR/PAR objective are needed for Power domain enhancements.
Proposal 6: The discussion of UE FG for increasing UE power higher limit for CA/DC could be postpone.

· Dynamic Waveform Switching
Proposal 7: Single UE feature for Dynamic Waveform Switching. No need to separate this FG for different DCI formats.
Proposal 8: It could be Per UE indication, without FDD/TDD differentiation for Dynamic Waveform Switching.
Proposal 9: Support separate this FG for multi-PUSCH scheduling and separate this FG for single-carrier case and multiple-carrier case.
Proposal 10: For Dynamic waveform switching, adopt the following FG.
	54. NR_cov_enh2
	54-3
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	Per UE
	N/A
	N/A
	N/A
	
	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
FFS details
	
	
	
	
	
	
	
	
	
	

	54. NR_cov_enh2
	54-3b
	Dynamic waveform switching for multi-PUSCH scheduling
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	Per UE
	N/A
	N/A
	N/A
	
	Optional with capability signaling.

	54. NR_cov_enh2
	54-3c
	Dynamic waveform switching for single-carrier case and multiple-carrier case
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	Per UE
	N/A
	N/A
	N/A
	
	Optional with capability signaling.
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