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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss following UE features of NR coverage enhancements as summarized in [1]:
· PRACH repetition in NR Rel-18,
· Delta Power Class (DPC) report,
· Dynamic waveform switching and PHR enhancement.
2. Discussions
2.1	UE features of PRACH repetition in NR Rel-18
In RAN#114bis meeting, one feature group is updated for multiple PRACH transmissions [2]. In previous meetings, the necessary agreements and conclusions discussed in [3] for supporting PRACH repetition with same TX beam have been reached. Some remaining issues of detailed solutions are still needed. 
Regarding whether this feature should be separated for CBRA and CFRA, the main difference between CFRA and CBRA is that the PRACH resource may be provided in dedicated signaling for CFRA, while the PRACH repetition function is the same. Therefore, there seems no need to separate this feature for CFRA and CBRA.
Feature group type per UE is enough for supporting PRACH repetition.
According to above, we have following proposal. 
Proposal 1:
· Support the UE feature group of PRACH repetition in NR Rel-18 according to Table 1.
Table 1. UE features of supporting PRACH repetition in Rel-18.
	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	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
	NA
	NA
	
	Optional with capability signaling


2.2	UE features of DPC report
	Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.
Conclusion
If enhancements to the PHR report are to be specified in Rel-18, at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC:
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
Discussion continues in RAN1 on whether enhancements to the PHR report are needed in Rel-18.

RAN4’ Reply LS in RAN4 #107
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.

RAN4’ LS in RAN4 #108
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.


In previous meetings, the necessary agreements and conclusions above for supporting HPUE related enhancements have been reached. According to the discussions so far in RAN1/RAN4 on HPUE related enhancements,  (delta power class, DPC) report would be specified although the detailed solution discussions are still on going and corresponding decision is up to RAN4. Based on the agreed UE features summarized in TR 38.822 [4], 2-8 is basic UE feature group required for supporting UE power classes, which can be prerequisite FG for DPC report UE feature group.
Another UE feature in power domain is the ul full power mode. In RAN4’s LS as discussed in [5], it is mentioned that full-power MIMO transmission capability reporting corresponding to the applicable power class requirements is the only feature that can be combined with the ΔPPowerClass reporting. When DPC is reported, the UE power class may be dynamically changed, and the UE UL full power mode would have to be reported per power class as discussed in [6]. If supported, new per power class UE feature groups should take DPC report UE feature as a prerequisite feature group.
Similar to UE feature groups for UL full power mode introduced in NR Rel-16, these UE feature groups should be per FS.
According to above, details of the DPC UE feature groups are provided in Table 2, and we have following proposal.
Proposal 2:
· RAN1 to discuss UE feature groups provided in Table 2 to support DPC report in FR1.
Table 2. Potential UE features of supporting DPC report.
	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	DPC report
	Support DPC report in FR1
	2-8
	Yes
	UE does not support DPC report in FR1
	Per FS
	[bookmark: _GoBack]N/A
	FR1 only
	FFS
	Optional with capability signaling

	UL full power mode for PC1dot5
	Support UL full power mode for PC1dot5
	DPC report feature group
	Yes
	UE does not support  per power class UL full power mode
	Per FS
	N/A
	FR1 only
	FFS
	Optional with capability signaling

	UL full power mode for PC2
	Support UL full power mode for PC2
	DPC report feature group
	Yes
	UE does not support  per power class UL full power mode
	Per FS
	N/A
	FR1 only
	FFS
	Optional with capability signaling

	UL full power mode for PC3
	Support UL full power mode for PC3
	DPC report feature group
	Yes
	UE does not support  per power class UL full power mode
	Per FS
	N/A
	FR1 only
	FFS
	Optional with capability signaling


2.3	UE features related to dynamic waveform switching
According to the discussions in [7] on dynamic waveform switching, some remaining issues still needs to be discussed. Based on the agreed UE features of supporting DWS for PUSCH transmissions dynamically and PHR enhancement for DWS [2], some details need to be updated for 54-3 and 54-3a. 
DWS is proposed to be supported for PUSCH transmissions scheduled by DCI0_3 format according to the discussions provided in [7], and the bracket of 0_3 should be removed.
Regarding whether 54-3 should be separated for multi-PUSCH scheduling, in our view, since it’s aready agreed to use single bit for multi-PUSCH scheduling in one serving cell, there’s no need to separate this feature. Therefore, we propose to remove corresponding text yellow shaded.
Regarding whether 54-3 should be separated for for single carrier case and multi-carrier case, since this depends on the discussion on the support of DCI0_3 and at least for inter-band case, it would be good to separate this fearture. More discussions are needed.
According to above, details of the DWS related UE feature groups are updated as is shown in Table 3, and we have following proposal.
Proposal 3:
· RAN1 to discuss UE feature groups provided in Table 3 to support dynamic waveform switching and PHR of both CP-OFDM and DFT-s-OFDM waveforms.
Table 3. Potential UE features of supporting UE location verification in Rel-18 NTN.
	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	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
	If UE supporting this FG supports FG 11-1, the UE supports FG 54-3 with DCI format 0_2
	Optional with capability signaling

	54-3a: 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
	UE does not support PHR of both CP-OFDM and DFT-s-OFDM for PUSCH transmissions scheduled by DCI0_1/2/3 when DWS is enabled.
	
	N/A
	N/A
	
	Optional with capability signaling


3. Conclusion
In this contribution, we provide our views on UE features for NR coverage enhancements in Rel-18. According to the discussions, we have following proposals: 
Proposal 1:
· Support the UE feature group of PRACH repetition in NR Rel-18 according to Table 1.
Proposal 2:
· RAN1 to discuss UE feature groups provided in Table 2 to support DPC report in FR1.
Proposal 3:
· RAN1 to discuss UE feature groups provided in Table 3 as a start point to support dynamic waveform switching and PHR of both CP-OFDM and DFT-s-OFDM waveforms.
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