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 Introduction
The latest Rel-18 RAN1 UE features have been sent to RAN2 and RAN4 after RAN1 #115 [1], [2], [3], [4]. This contribution provides our views on the remaining issues of Coverage enhancement in Rel-18 UE features of Topic A (eRedCap, XR, CovEnh, dedicated spectrum less than 5MHz, eDSS, and endorsed TEI).

 Discussions/Proposals on Coverage Enhancement
	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 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] in a band when configured with 1 UL carrier.

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 
	Per bandFFS
	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

If UE supporting this FG supports FG 10-17, the UE supports FG 54-3 with multi-PUSCH scheduling
	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.

	54. NR_cov_enh2
	54-3b
	Dynamic waveform switching for intra-band UL CA
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3] for intra-band UL CA [with up to X CCs in the band].
	54-3
	Yes
	
	
	Per band
	N/A
	N/A
	N/A
	[Candidate value for X {FFS}]
	Optional with capability signaling.



FG54-1 PRACH coverage enhancements 
In the last RAN1 meeting, it was agreed to introduce a new UE capability regarding the dropping rule for multiple PRACH transmissions. Compared with Rel-15, it introduced a new UE behavior, i.e., UE may not transmit PRACH, if the gap between the last symbol of PRACH transmission in a first slot is separated by less than N symbols from the first symbol of PRACH transmission in a second slot where N is defined in Section 8.1 of TS 38.213. 
	Agreement
The TP below is endorsed in principle for TS 38.213 and an additional new UE capability is introduced for the UE behaviour introduced by this TP.
Note1: editor can provide revisions for the TP below to avoid impacts on any feature other than Rel-18 PRACH repetitions.
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or and a UE may not transmit PRACH and PUSCH/PUCCH/SRS/PRACH when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS/PRACH transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For a PRACH transmission with  preamble repetitions, this applies to each preamble repetition.
*** Unchanged parts are omitted ***


Reasons for changes: Based on the existing agreement, the dropping rule of single PRACH transmission in existing spec. is reused for multiple PRACH transmissions. Further clarification is needed in the spec.

Summary of change: Dropping rule of single PRACH is extended to multiple PRACH transmissions.
Consequences if not approved: It may be not clear when applying existing dropping rule of single PRACH transmission to multiple PRACH transmissions.


Proposal 1: Introduce new UE feature 54-1a as followings.
	54. NR_cov_enh2
	54-1a
	PRACH coverage enhancements --   consecutive PRACH transmissions
	Support PRACH transmissions, even if the gap between the last symbol of PRACH transmission in a first slot is separated by less than N symbols from the first symbol of PRACH transmission in a second slot.

	54-1
	Yes
	
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling.



FG54-3 Dynamic waveform switching 
In the last RAN1 meeting, a conclusion was made on supporting dynamic waveform switching for DCI format 0_3 under Multi-Carrier Enhancements WI. According to the conclusion, the DCI format 0_3 shall be removed from FG54-3 and FG54-3b.

	Conclusion 
There is no consensus to support TPI field for DCI format 0_3 in Rel-18



Proposal 2: DCI format 0_3 should be removed from FG54-3 and FG54-3b.
For the note of FG54-3 multi-PUSCH scheduling, FG10-17 was defined for Rel-16 NR-U. In Rel-17, multi-PUSCH scheduling by a single DCI was further enhanced in FR2-1 and FR2-2 with different sub-carrier spacing. The related UE features are shown below.
· FG24-1e, Multiple PUSCH scheduling by single DCI for 120kHz in FR2-2
· FG24-1g, Multiple PUSCH scheduling by single DCI for 120kHz in FR2-1
· FG24-4a, Multi-PUSCH scheduling by single DCI for the operation with 480 kHz SCS
· FG24-5a, Multi-PUSCH scheduling by single DCI for the operation with 960 kHz SCS
The feature dynamic waveform switching shall be able to operate in FR2-1 and FR2-2. In this sense, additional notes are necessary to make it clear.
Proposal 3: Add notes in FG54-3 for DWS in multi-carrier scheduling for FR2-1/FR2-2,
· If UE supporting this FG supports FG 24-1e/FG24-1g, the UE supports FG 54-3 with multi-PUSCH scheduling by single DCI for 120kHz in FR2-2/FR2-1 respectively
· If UE supporting this FG supports FG 24-4a/FG24-5a, the UE supports FG 54-3 with multi-PUSCH scheduling by single DCI for the operation with 480/960 kHz SCS respectively

FG54-3b Dynamic waveform switching for intra-band UL CA 
The open issue for FG54-3b is the number of CCs can support dynamic waveform switching. According to RAN4 specification TS38.101-1, the UL intra-band non-contiguous CA combination is shown in Table 5.5A.2-1: NR CA configurations and bandwidth combination sets defined for intra-band non-contiguous CA. Currently, only two non-contiguous CCs are supported based on the Table. Therefore, FG54-3b can be updated accordingly, i.e., support 2CCs with different waveforms.
 Proposal 4: Update FG54-3b component as “Support of dynamic waveform switching for DCI format 0_1/0_2 for intra-band UL CA with 2 CCs in the band”.
Summary of Proposals
In this contribution, we discuss the further coverage enhancement UE feature and have the following proposals.
Proposal 1: Introduce new UE feature 54-1a as follows.
	54. NR_cov_enh2
	54-1a
	PRACH coverage enhancements --   consecutive PRACH transmissions
	Support PRACH transmissions, even if the gap between the last symbol of PRACH transmission in a first slot is separated by less than N symbols from the first symbol of PRACH transmission in a second slot.

	54-1
	Yes
	
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling.


Proposal 2: DCI format 0_3 should be removed from FG54-3 and FG54-3b.
Proposal 3: Add notes in FG54-3 for DWS in multi-carrier scheduling for FR2-1/FR2-2,
· If UE supporting this FG supports FG 24-1e/FG24-1g, the UE supports FG 54-3 with multi-PUSCH scheduling by single DCI for 120kHz in FR2-2/FR2-1 respectively.
· If UE supporting this FG supports FG 24-4a/FG24-5a, the UE supports FG 54-3 with multi-PUSCH scheduling by single DCI for the operation with 480/960 kHz SCS respectively.
Proposal 4: Update FG54-3b component as “Support of dynamic waveform switching for DCI format 0_1/0_2 for intra-band UL CA with 2 CCs in the band”.
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