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Introduction
In RAN#94-e meeting, a new WI on further coverage enhancement was agreed and updated in [1]. The objectives of this WI are shown below. 
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)

In RAN1#114 meeting, the initial Rel-18 UE feature list was agreed in [2]. In this contribution, we share our views on the further coverage enhancement UE feature based on the last meeting’s agreements and give our proposals.
Discussion on Rel-18 coverage enhancement UE features
FG54-1 PRACH coverage enhancements  
	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

	54. NR_cov_enh2
	54-1x
	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].


Regarding whether UE needs to report the capability of supporting PRACH repetition, RAN2 made the following agreements. Msg1 repetition is only supported for the handover scenario. This would require UE to report the capability. The impacts of supporting Msg1 repetition for CFRA are still open in RAN1, which needs more inputs from the main session. 
	Agreements in RAN2#122
1) RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases. 

Agreements in RAN2#123
=> CFRA with Msg1 repetition for BFR and with PDCCH order are not supported (can be revisited if there is consensus to support this)


Proposal 1: Confirm that UE reports the capability of supporting FG54-1.
Regarding whether the FG54-1 is limited to PRACH repetitions with the same Tx beam, our understanding is all the agreements made on PRACH coverage enhancements are restricted to the same Tx beam. RAN1 has no consensus to support multiple PRACH transmissions with different Tx beams in Rel-18. In addition, many companies propose to support multiple PRACH transmissions with different Tx beams in Rel-19 in the RAN#101 meeting. Therefore, the brackets in FG54-1 should be removed, this is forward-compatible if multiple PRACH transmission with different Tx beams is to be supported in Rel-19.
Proposal 2:  The brackets in FG54-1 should be removed, as only multiple PRACH transmissions with the same Tx beam are supported in Rel-18.
As studied in Rel-16, the PRACH coverage issue is mainly focusing on FR2. In addition, it was indicated in the WID “The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable”. The PRACH formats applying to FR1 and FR2 are different, if both FR1 and FR2 are supported at the same time, it would require more effort to implement. So, it could be better to define FG54-1 per band to leave the flexibility to implementation.  
Proposal 3: The report type of FG 54-1 is per band.  
FG54-3 Dynamic waveform switching 
	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

	54. NR_cov_enh2
	54-3y
	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 


The first open issue of FG54-3 is whether support dynamic waveform switching for DCI format 0_3. Multiple UL carrier supporting dynamic waveform switching is still open, if this is not supported, then the dynamic waveform switching applicable scenario would be very limited. It depends on the main session outcome on supporting DCI format 3_0, if it’s supported, a separate FG should be defined, as multiple carrier scheduling is another Rel-18 feature as well.
Proposal 4: For FG 54-3, whether to support dynamic waveform switching for DCI format 3_0 is subject to the main session outcome. If it is supported, a separate FG is defined. 
The second open issue is whether to separate FG54-2 for multi-PUSCH scheduling, one DCI scheduling multiple PUSCH was defined for Rel-16 NR-U and Rel-17 above 52.6GHz. A separate UE feature should be defined for supporting dynamic waveform switching in the unlicensed band, the prerequisite for this feature should be FG54-3 and, FG10-17 or FG24-1e/ FG24-1g/ FG24-4a/ FG24-5a.
Proposal 5: Define a separate UE feature supporting dynamic waveform switching in the unlicensed band.
The third open issue is whether/how to separate this FG for single-carrier case and multiple-carrier case.
Dynamic waveform switching for multiple UL carriers was discussed in the previous RAN1 meetings. Normally, for intra-band UL CA, two cells and associated gNBs are co-located. So, it’s hard for UE to transmit different waveforms at the same time. Considering ongoing RAN4 WI on intra-band non-collocated CA, RAN4 assumes UE has the capability to transmit with different waveforms on two carriers. Thus, it makes sense for UE to report whether the same waveform should be assumed on scheduled carriers for intra-band UL CA. If UE reports that the same waveform should be kept in UL CA, the waveform indicated in the dynamic waveform indication information field from each scheduling DCI should be the same; otherwise, it’s gNB scheduling error. For inter-band UL CA, as discussed in the last meeting, there is the case that two frequency bands are adjacent. It does not preclude the UE implementation to use one baseband to handle signals from two frequency bands. UE can report whether the same waveform is assumed for inter-band UL CA as well. With these complicated capability indications, per FSPC report should be supported.
Proposal 6: The report granularity of FG54-3 is per FSPC.
Summary
In this contribution, we discuss the further coverage enhancement UE capability, and have the following proposals:
Proposal 1: Confirm that UE reports the capability of supporting FG54-1.
Proposal 2:  The brackets in FG54-1 should be removed, as only multiple PRACH transmissions with the same Tx beam are supported in Rel-18.
Proposal 3: The report type of FG 54-1 is per band.  
Proposal 4: For FG 54-3, whether to support dynamic waveform switching for DCI format 3_0 is subject to the main session outcome. If it is supported, a separate FG is defined. 
Proposal 5: Define a separate UE feature supporting dynamic waveform switching in the unlicensed band.
Proposal 6: The report granularity of FG54-3 is per FSPC.
[bookmark: _Ref523487962][bookmark: _Ref523653838]References
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]RP-221858, “Revised WID on Further NR coverage enhancements”, China Telecom
1. R1-2308521, “Updated RAN1 UE features list for Rel-18 NR after RAN1#114,” Moderators (AT&T, NTT DOCOMO, INC.)



9/9
