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Introduction
Discussions on RAN4 Rel-18 UE feature list were kicked-off in RAN4 #109 (November 2023) and continued in RAN4 #110 (February 2024). The latest agreements are provided in [1]. This paper provides further views on the details of UE feature list for selected work items in Section 2.
Rel-18 UE feature list
NR_channel_raster_enh
Our views on UE features for the NR_channel_raster_enh WI [WID RP-230813] are provided below and summarized in Table 1. The work item aims to introduce channel raster enhancement enabling configuring a narrower UE channel BW inside a wider gNB channel BW. In the previous RAN4 meetings it was agreed to introduce new enhanced channel raster entries and the following agreements relevant to the UE capabilities for enhanced channel raster were made:
· RAN4 #108
· R4-2314681 WF on channel raster enhancement
· Agreement:
· A new UE capability will be specified to support the WI objectives.
· Open issues:
· The new UE capability should be per band.
· FFS from which release should the UE capability be applicable.
· Whether the capability should (at least for some bands) be mandatory from Rel-18 onwards.
· RAN4 #108bis
· R4-2317607 WF on NR channel raster enhancement
· Per-band UE capability will be introduced for the bands below 3GHz with 100KHz channel raster specified. 
· The UE capability is applicable for each band from Rel-16.
· R4-2317773 Draft LS to RAN2 on a capability for channel raster enhancement
· RAN4 has identified the need for a UE capability to indicate support of the enhanced channel raster.
· The capability should be indicated per band and be applicable for all TN and NTN FR1 bands below 3GHz with a 100 kHz channel raster.  
· The capability is not applicable for bands within FR2-1/FR2-2.
· RAN4 also prefers that the capability be considered for early implementation from Rel-16. Changes to the RAN4 specifications will be introduced from Rel-18.
· RAN4 #109 agreements
· R4-2321752 WF on NR_channel_raster_enh
· Channel raster capability definition
· The capability indicates that the UE supports the RAN4 requirements for UE channel bandwidths located on the enhanced channel raster of a band as specified in 38.101-1 and 38.101-5
· UE behaviour when the channel enhancement capability is absent.
· How the network reacts when the capability is absent is up to network implementation.
· Channel spacing definition
· …
· The enhanced channel raster is not applicable to intra-band contiguous CA.
· The initial version of UE feature description was agreed in LS R4-2317773.
· RAN4 #110 agreements
· Enable the 10kHz raster as a mandatory feature for the NTN bands n254, n255 and n256 from Rel-18.
· UE feature list [1]
· Mandatory with capability signaling for all Rel-18 UEs for certain bands as defined in 38.101-1 and 38.101-5
· Optional otherwise
· FFS for RedCap
The key open issue is whether to mandate enhanced channel raster for RedCap type of devices. In accordance with RAN4 #110 discussion there are already RedCap devices in the market and therefore it is not reasonable to mandate these devices to support the newly introduced feature. Therefore, the following approach is proposed
· Mandatory with capability signalling for RedCap devices
· Mandatory for eRedCap devices (i.e. Rel-18 RedCap devices)
[bookmark: _Ref163382365][bookmark: _Ref163382599]Table 1. Rel-18 NR UE features for NR_channel_raster_enh WI.
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	28. NR_channel_raster_enh
	28-1
	Enhanced channel raster
	The UE supports the requirements for UE channel bandwidths located on the enhanced channel raster of a band as specified in TS 38.101-1, TS 38.101-5
	
	Yes
	
	UE may not support requirements for UE specific channel bandwidths located on enhanced channel raster;
configuring a narrower UE-specific channel bandwidth inside a wider gNB channel bandwidth may not be possible.
	Per Band
	No
	FR1 only
	The feature is supported for applicable bands in FDD-TDD and FR1/FR2 combinations
	Applies only for bands with a 100 kHz channel raster for both TN and NTN.

Should be early implementable from Rel-16.
	Mandatory with capability signaling for all Rel-18 UEs including RedCap UEs for certain bands as defined in 38.101-1 and 38.101-5

Mandatory for Rel-18 eRedCap UEs

Optional otherwise

FFS for RedCap




NR_MG_enh2 
The feature list for NR_MG_enh2 is nearly completed. In the below tables we propose to complete the feature lists for both NR and LTE features for the work item. To note that we propose to add the simultaneous reception of different numerologies between target NR 30kHz SSB and serving LTE 15kHz scheduling. This is necessary in the same way as the ones we introduced for NR to LTE measurements.
[bookmark: _Ref163382600]Table 2. Rel-18 NR UE features for NR_MG_enh2 WI.
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	32. NR_MG_enh2
	32-1
	Concurrent gaps with Pre-MG in a FR
	Support of multiple per-UE (or per-FR) measurement gap patterns with at least one per-UE (or per-FR) Pre-MG. Details in Clause [9.1.x.2] of TS 38.133. 

	19-3-x and 19-2
x = 1 or 2 
	Yes
	No
	UE behaviour is undefined if the network configures concurrent MGs where at least one of the gaps is a Pre-MG
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	32. NR_MG_enh2
	[32-2]
	Two Pre-MG configuration with simultaneous activation/deactivation
	Support configurations of two Pre-MG with simultaneous activation/deactivation in the same FR. 
	32-1
	Yes
	No
	UE activation/deactivation time for simultaneous Pre-MG is undefined
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	32. NR_MG_enh2
	[32-3]
	Support for dynamic collisions

	Support RRM requirements for handling dynamic collisions between a Pre-MG and another measurement gap or Pre-MG.
	32-1
	Yes
	No
	UE is not expected to meet RRM requirements for dynamic collisions
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	32. NR_MG_enh2
	32-4
	Concurrent gaps with NCSG in a FR
	Support of multiple per-UE (or per-FR) measurement gap patterns with at least one per-UE (or per-FR) NCSG. Details in clause [9.1.y.2] of TS 38.133. 

	19-1 and 19-2
	Yes
	No
	UE behaviour is undefined if the network configures concurrent MGs where at least one of the gaps is a NCSG
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	32. NR_MG_enh2
	[32-5]
	Two NCSG configuration in a FR
	Support configurations of two NCSG in the same FR
	32-4
	Yes
	No
	UE behaviour is undefined if the network configures two NCSGs in the same FR
	Per UE
	No
	No
	N.A
	
	Optional with capability signalling 

	32. NR_MG_enh2
	[32-6]

	[Inter-RAT EUTRAN measurements without gap and outside active DL BWP]
	Support of requirements of inter-RAT EUTRAN measurements outside active DL BWP without gap with or without interruption.
	[32-8] No
	Yes
	NA
	UE behaviour of supporting inter-RAT EUTRAN measurements without gap is known to network
	[Per UE]
	No
	No
	N.A
	
	Optional with capability signalling

	32. NR_MG_enh2
	32-7

	Inter-RAT EUTRAN measurement without gap [and within active DL BWP]
	Support of inter-RAT EUTRAN measurements without gap when CRS is contained within UE’s active DL BWP


	[32-8] No
	Yes
	No
	Measurement gap will be needed for inter-RAT EUTRAN measurements
	Per UE
	No
	FR1 only
	N.A
	
	Optional with capability signalling

	32. NR_MG_enh2
	32-8
	Effective measurement window for inter-RAT EUTRAN measurements
	Support configuration of effective measurement window for inter-RAT EUTRAN measurements, including offset, duration and periodicity. 


	[32-6 or 32-7]

	Yes
	No
	Undefined UE measurement behaviour and when to allow scheduling restriction
	Per UE
	No
	No
	N.A
	· A bitmap for 6 effective measurement window (EMW) patterns defined in TS 38.133.
· #0 and #1 are mandatory, if UE supports EMW feature.
· FFS other conditions, e.g., UE supports Case b-1 or b-2
Other patterns are optional
	Optional with capability signalling

	32. NR_MG_enh2
	32-9
	Simultaneous reception of NR data and EUTRAN CRS within BWP with different numerology
	Support concurrent inter-RAT measurement on EUTRAN cell in non-DSS with CRS contained within UE’s active DL BWP and PDCCH or PDSCH reception from the serving cell with a different numerology
	 32-7
	Yes
	No
	scheduling restriction is applicable
	Per UE
	No
	FR1 only
	N.A
	1. 
	Optional with capability signalling

	32. NR_MG_enh2
	[32-10]
	Simultaneous reception of NR data and EUTRAN CRS outside BWP with different numerology
	Support concurrent inter-RAT measurement on EUTRAN cell in non-DSS with CRS not contained within UE’s active DL BWP and PDCCH or PDSCH reception from the serving cell with a different numerology.

	32-6
	Yes
	No
	scheduling restriction is applicable
	Per UE
	No
	FR1 only
	NA
	1. 
	Optional with capability signalling



[bookmark: _Ref163382601]Table 3. Rel-18 LTE UE features for NR_MG_enh2 WI.
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	32. NR_MG_enh2
	[x-y]
	InterRAT-BandInfoNR-r18
	Support of inter-RAT NR measurements without gap with or without interruption.
This feature has a defined RRC signalling: ‘InterRAT-BandInfoNR-r18’
	
	Yes
	NA
	The UE does not support inter-RAT NR measurements without gap with or without interruption for performing inter-RAT NR measurement without gap
	Per UE
	No
	No
	NA
	[Component 1 candidate value: “{no-gap-with-interruption, no-gap-no-interruption}”]


	Optional with capability signalling

	
	[x-y]
	Simultaneous reception of LTE data and NR SSB with 30kHz SCS
	Support concurrent inter-RAT NR measurement with a different numerology than 15kHz and reception from LTE serving cell
	
	Yes
	NA
	Scheduling restriction is applicable
	Per UE
	No
	No
	NA
	
	Optional with capability signalling



NR_cov_enh2
Our views on RAN4-centric features for the NR_cov_enh2 WI [WID RP-221858] are provided below and summarized in Table 4. The updated UE feature list for Rel-18 NR coverage enhancements work item was agreed in RAN4 #110 [1]. The majority of open issues were resolved, however, there are still open issues on applicable scenarios for power boosting (PAR/MPR enhancements) features and, especially, with respect to CA scenarios applicability [2].
	WF
· RAN4 is still discussing the applicable scenarios.
· The common understanding in RAN4 is that power boosting is only supported for single CC UL at least in Rel-18.
· UL CA is not supported for this feature in Rel-18.


Our detailed views on the power boosting features applicability to UL CA scenarios are provided in the accompanying contribution [3]. During the WI stage the focus of technical analysis was primarily on enhancing power for UL single carrier scenarios. However, the comprehensive discussion on CA aspects was somewhat lacking. We believe it is crucial to address this gap, particularly in clarifying and finalizing UE behavior concerning UL CA support/configuration to maximize opportunities for the commercial feature adoption.The key motivation behind supporting power boosting feature is to improve coverage performance, particularly for UEs operating at cell edges and utilizing lower-order modulations such as pi/2 BPSK and QPSK. However, it is crucial to note that coverage enhancements features not necessarily confine UEs to single-carrier operation. In dynamic propagation conditions, networks may need to configure UEs to operate in CA mode consistently, while dynamically scheduling single-carrier or multi-carrier transmissions based on instantaneous propagation and traffic conditions. Limiting power boosting exclusively to single carrier case might impede network flexibility, potentially resulting in frequent UE CA (re)configurations or not enabling the feature in practical deployments. Therefore, we see a value in enabling the power boosting feature in UL CA scenarios as long as it does not require substantial extra RAN4 work on the associated requirements definition. 
Acknowledging the complexities related to the support of simultaneous UL transmissions with enabled power boosting on multiple carriers (N > 1), it is evident that further extensive studies on associated RF requirements may be required to enable such scenario. One pragmatic approach to address this issue to limit UE power boosting for CA scenarios to instances where UL CA is configured, but certain scheduling restrictions are applied in terms of simultaneous UL transmissions on different carriers. For instance, scenarios where only single-carrier UL transmissions are scheduled within a slot (e.g., PUSCH/PUCCH is scheduled on one carrier, while other carriers do not have active UL transmission).
[bookmark: _Ref163383744][bookmark: _Ref163383768]Table 4. Rel-18 NR UE features for NR_cov_enh2 WI.
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	41.NR_cov_enh2
	41-1
	Support of ΔPPowerClass reporting mechanism
	Support of ΔPPowerClass /ΔPPowerClass, CA/ΔPPowerClass, EN-DC/ΔPPowerClass, NR-DC reporting which is triggered upon uplink duty cycle exceedance or upon return to the power class after the duty cycle exceedance, as specified in TS 38.101-1 and TS 38.101-3.
	No
	Yes
	N/A
	UE does not support of report on the ΔPPowerClass 
	Per UE
	No
	FR1 only
	N/A
	Component 1 candidate values:        
· Type 1: The UE can only report ∆PPowerClass  for non-CA operation
Type 2: The UE can report ∆PPowerClass  for non-CA operation, and the UE can also report ∆PPowerClass/ ΔPPowerClass,CA/∆PPowerClass,EN-DC/∆PPowerClass,NR-DC for CA operation.
	Optional with capability signalling

	41.NR_cov_enh2
	41-2
	Power boosting for DFT-s-OFDM pi/2 BPSK and QPSK transmissions without modified spectrum flatness requirement 
	1. Support of UE power boosting for DFT-s-OFDM pi/2 BPSK and QPSK without modified spectrum flatness requirement for PC3 and PC2 MPR reduction, when applicable as defined in 6.2 of TS 38.101-1.The power boosting is only enabled when signalled via RCC powerBoostPi2BPSKRel18 for BPSK and powerBoostQPSKRel18 for QPSK
	1-6, 1-7

	Yes
	N/A
	UE cannot power boost without modified spectrum flatness requirement
	Per FS
	NO
	FR1 only
	N/A
	FFS – RAN4 is still discussing the applicable scenariosThe feature is applicable for 1) single UL carrier scenarios
2) UL CA scenarios under assumption that UL transmissions are not simultaneously scheduled on multiple carriers
	Optional with capability signalling

	41.NR_cov_enh2
	42-3
	Power boosting for DFT-s-OFDM pi/2 BPSK and QPSK transmissions with modified spectrum flatness requirement shaping
	1. Support of  UE power boosting for DFT-s-OFDM pi/2 BPSK and QPSK with modified spectrum flatness requirement for PC3 and PC2 MPR reduction, when applicable as defined in 6.2 of TS 38.101-1. The power boosting is only enabled when signalled via RCC powerBoostPi2BPSKRel18 for BPSK and powerBoostQPSKRel18 for QPSK
	1-6, 1-7
	Yes
	N/A
	UE cannot power boost with modified spectrum flatness requirement
	Per FS
	NO
	FR1 only
	N/A
	The feature is applicable for 1) single UL carrier scenarios
2) UL CA scenarios under assumption that UL transmissions are not simultaneously scheduled on multiple carriersFFS – RAN4 is still discussing the applicable scenarios
	Optional with capability signalling


Netw_Energy_NR
In RAN4 #110 the UE feature group for inter-band SSB-less SCell activation was agreed as in the below table, and we propose to add a new intra-band NCCA feature group upon it. We propose that RAN4 introduces the UE feature group for optionally supporting SSB-less intra-band NCCA SCell activation with capability signalling and per feature set indication. This new indication should be a separate element/vector from the existing SCellwithoutSSB or SCellwithoutSSB-interband. Although per BC is enough to our views for the intra-band NCCA case however to align with legacy specs with intra-band contiguous SSB-less SCell cases, we propose a per FS indication.
[bookmark: _Ref163382603]Table 5. Rel-18 NR UE features Netw_Energy_NR WI.
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	42.Netw_Energy_NR
	42-1
	SCell without SS/PBCH block for inter-band CA
	Support of SCell without SS/PBCH block for inter-band CA
	
	Yes
	NA
	UE cannot support SCell without SS/PBCH block for inter-band CA 
	per FS
	NA
	FR1 only
	NA
	For each band within the BC, UE indicates if it supports the SSB-less operation when this band is the reference band and other band(s) in the BC as the SSB-less band(s).
If UE indicate “support” for this band, it means all other bands within the BC can be configured as SSB-less bands. 
	Optional with capability signalling

	
	42-2
	SCell without SS/PBCH block for intra-band non-contiguous CA
	Support of SCell without SS/PBCH block for intra-band non-contiguous CA
	
	Yes
	NA
	UE does not support SCell without SS/PBCH block for intra-band non-contiguous CA
	Per FS
	NA
	FR1 only
	NA
	For each carrier within the combination, UE indicates if it supports the SSB-less operation when any of the carrier can be the reference carrier and other(s) in the combination be the SSB-less carrier(s).
If UE indicates ‘support’ for a combination, it means all the carriers in the combination can be configured as SSB-less carriers.
	Optional with capability signalling



Conclusion
This paper provides our updated views on details of UE feature list for selected work items in Section 2. It is proposed to endorse the proposed feature lists in 
· Table 1. Rel-18 NR UE features for NR_channel_raster_enh WI.
· Table 2. Rel-18 NR UE features for NR_MG_enh2 WI.
· Table 3. Rel-18 LTE UE features for NR_MG_enh2 WI.
· Table 4. Rel-18 NR UE features for NR_cov_enh2 WI.
· Table 5. Rel-18 NR UE features Netw_Energy_NR WI.
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