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1. Introduction
In this contribution, we consider UE features needed for two objectives of the further NR coverage enhancement work item [1]:
· PRACH coverage enhancements,
· dynamic waveform switching.
We make suggestions based on the latest UE features list [2]. Because the power domain enhancements work on increasing UE power high limit for CA and DC is not stable yet, we do not include discussion of related UE features in this contribution.
2. Discussion
2.1 [bookmark: _Type_A_PUSCH]PRACH coverage enhancements
Despite a conclusion RAN1#113 that there is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18, it is not clear what is supported in Rel-18 is multiple PRACH transmissions with the same beam or simply multiple PRACH transmissions, where the UL Tx beam(s) is up to UE implementation. The restriction of “with the same Tx beam” doesn’t appear in TS 38.213 v18.0.0 according to [3]. In [4], the description of the new higher layer parameter, NumberOfMsg1-Repetitions-r18, has with the same Tx beam in square brackets. We suggest waiting for the outcome on the issue in AI 8.8.1.
RAN2 agreed that multiple PRACH transmissions is applicable to CFRA for reconfiguration with sync, where one MSG1 repetition number is configured by RRC. The methods of UE determination of time and frequency domain ROs for CBRA can be generally reused for CFRA. Given the similar functionalities of CBRA and CFRA, we think separate UE capabilities is not needed.
Since the feature of multiple PRACH transmissions can be applied in both FR1 and FR2 without difference, we think there is no need of FR1/FR2 differentiation, and therefore per-UE type is preferred. The feature depends on UE capability of [1-1] Basic initial access channels and procedures. Since [1-1] is mandatory without capability signalling, there is no need to put it as prerequisite feature group.
For PRACH coverage enhancements, the UE feature discussed so far is summarized in Table 1. 
Table 1: Capabilities for PRACH coverage enhancements
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	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
	
	UE doesn’t support multiple PRACH transmissions [with the same Tx beam].
	Per UE


[bookmark: _Toc142571664]UE feature for PRACH coverage enhancements is defined according to Table 1.
2.2 Dynamic waveform switching
[bookmark: _Hlk142043998]Regarding the FFS on whether to separate FGs for DCI 0_1/0_2[/0_3], since the specification impacts of dynamic waveform switching on DCI 0_1 and 0_2 are the same, we do not see the need of separate FGs for different DCI formats.
Similarly, for multi-PUSCH scheduling, RAN1 agreed that the new 1-bit field indicates a waveform for all scheduled PUSCH transmissions. In this sense, there is no difference from scheduling a single PUSCH.
As to pre-requisite, dynamic waveform switching requires at least UE support of FG [0-1] and [0-2] for the two UL waveforms, FG [2-12] basic PUSCH transmission, and FG [3-1] for DCI 0_1. Since all of these are mandatory without capability signalling, there is no need to put them as prerequisite feature group.
If dynamic waveform switching is configured for a single-carrier scenario, per-band Type would suffice. If both dynamic waveform switching and UL CA are configured for a UE, per-BC type is preferred, so that gNB can configure the feature in one or multiple of the UL carriers, depending on the need of coverage enhancement. Per FSPC can provide UE capability with a finer granularity but would complicate gNB scheduling and configuration of the feature. Regarding the last FFS in the column of Components, if different UE capabilities between single carrier case and multiple carriers case can be indicated with a proper granularity of UE feature type, there is no need to have separate UE features. 
For dynamic waveform switching, the UE feature discussed so far is summarized in Table 2. 
Table 2: Capabilities for dynamic waveform switching
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	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
	Dynamic waveform switching is not supported 
	FFS
Per band for single-carrier scenario, Per BC for UL CA

	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
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3. Summary
In this contribution, we have discussed UE features for Further NR coverage enhancement, including PRACH coverage enhancements and dynamic waveform switching. Based on the discussion in the previous sections we propose the following:
Proposal 1	UE feature for PRACH coverage enhancements is defined according to Table 1.
Proposal 2	UE feature for dynamic waveform switching is defined according to Table 2.
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