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1 Introduction

In RAN4 #94ebis/95e meetings discussions on the Rel-16 NR and LTE UE feature list took place with agreements summarized in [1-2]. In this contribution we provide our views on the NR UE feature list for the selected work items.
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2 Discussion 
2.1 NR Mobility Enhancements
UE feature list for NR Mobility enhancements WI was discussed extensively in the past and RAN4 already sent several LS to RAN2 with the list of relevant RAN4-related capabilities (R4-1915781). The only remaining open issue is related to the signalling type for features 5-1, 5-2, 5-5, 5-7 and 5-9 (FFS between Per FS and Per BC). Per FS signalling capability signalling will provide a better flexibility and will allow more simple use of DAPS feature for different CA configurations. For instance, let’s consider inter-band CA with 2 bands each of which may include several CCs: Band Combination 1 (BC1) which includes Band A Bandwidth class C + Band B Bandwidth class C. If the intraFreqDAPS capability is reported with per BC granularity (i.e. single values for BC1), then it is unclear whether the UE can support intraFreqDAPS for both band A and Band B for the same BC. To avoid ambiguity UE will need to report such capability only in case it can support the feature for both band A and band B. Thus, UEs which cannot support all sub-band-combinations will be required not to report the respective capability. Therefore, it is recommended to indicate intraFreqDAPS as per band per BC capability (i.e. per-FS according to definition in TS38.306). Otherwise, we may have to introduce per band per BC capability when introduce SCells for DAPS HO.
Below we provide adjusted version of the UE feature list based on the version in [1]:

Table 1. NR Mobility enhancements feature list

	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

(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

	5. Mobility Enhancement
	5-1
	Synchronous DAPS handover for intra-frequency case
	1) Support of synchronous DAPS handover for intra-frequency case


	
	Yes
	N/A
	The network cannot configure UE with DAPS HO in corresponding scenario 
	Per FS

	No
	No
	N/A
	
	Optional with capability signalling

	
	5-2
	Asynchronous DAPS handover for intra-frequency case
	1) Support of asynchronous DAPS handover for intra-frequency case
	
	Yes
	N/A
	The network cannot configure UE with DAPS HO in corresponding scenario 
	Per FS

	No
	No
	N/A
	
	Optional with capability signalling

	
	5-3
	Synchronous DAPS handover for inter-frequency case
	1) Support of synchronous DAPS handover for inter-frequency case


	
	Yes
	N/A
	The network cannot configure UE with DAPS HO in corresponding scenario 
	Per BC
	No
	No
	N/A
	
	Optional with capability signalling

	
	5-4
	Asynchronous DAPS handover for inter-frequency case
	1) Support of asynchronous DAPS handover for inter-frequency case
	
	Yes
	N/A
	The network cannot configure UE with DAPS HO in corresponding scenario
	Per BC
	No
	No
	N/A
	
	Optional with capability signalling

	
	5-5
	Simultaneous UL transmission for DAPS handover for intra-frequency 
	1) Support of simultaneous UL transmission for DAPS handover for intra-frequency case
	1) Support any FG of 5-1, 5-2, 5-3 and 5-4

2) Supports any of the power sharing FG (in RAN1 feature list) 21-2/2a/2b
	Yes


	N/A
	The network cannot configure the UE with simultaneous uplink transmission for DAPS handover in corresponding scenario
	Per FS
	No
	No
	N/A
	If the 5-5 is absent, the default is UE does NOT support simultaneous transmission 
	Optional with capability signalling

	
	5-6
	Simultaneous UL transmission for DAPS handover for inter-frequency 
	1) Support of simultaneous UL transmission for DAPS handover for inter-frequency case
	1) Support any FG of 5-1, 5-2, 5-3 and 5-4

2) Supports any of the power sharing FG (in RAN1 feature list) 21-2/2a/2b
	Yes


	N/A
	The network cannot configure the UE with simultaneous uplink transmission for DAPS handover in corresponding scenario
	Per BC
	No
	No
	N/A
	If the 5-6 is absent, the default is UE does NOT support simultaneous transmission
	Optional with capability signalling

	
	5-7
	Support of multi TAG for intra-frequency
	1) Support of different TAGs in source and target cells for intra-frequency case
	Support any FG of 5-1, 5-2, 5-3 and 5-4
	Yes
	N/A
	The network cannot configure the different TAGs for uplink transmission for DAPS HO
	Per FS
	No
	No
	N/A
	If the 5-7 is absent, the default is UE supports different TAGs in source and target cells
	Optional with capability signalling

	
	5-8
	Support of multi TAG for inter-frequency
	1) Support of different TAGs in source and target cells for inter-frequency case
	Support any FG of 5-1, 5-2, 5-3 and 5-4
	Yes
	N/A
	The network cannot configure the different TAGs for uplink transmission for DAPS HO
	Per BC
	No
	No
	N/A
	If the 5-8 is absent, the default is UE supports different TAGs in source and target cells
	Optional with capability signalling

	
	5-9
	Support of different SCS-s in source and target cells for intra-frequency
	1) Support of different SCS-s in source and target cells for intra-frequency case 
	Support any FG of 5-1, 5-2, 5-3 and 5-4
	Yes
	N/A
	The network cannot configure different SCS-s in source and target cells
	Per FS
	No
	No
	N/A
	If the 5-9 is absent, the default is UE does NOT support different SCS-s in source and target cells 
	Optional with capability signalling

	
	5-10
	Support of different SCS-s in source and target cells for inter-frequency
	1) Support of different SCS-s in source and target cells for inter-frequency case
	Support any FG of 5-1, 5-2, 5-3 and 5-4
	Yes
	N/A
	The network cannot configure different SCS-s in source and target cells
	Per BC
	No
	No
	N/A
	If the 5-10 is absent, the default is UE does NOT support different SCS-s in source and target cells 
	Optional with capability signalling

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


2.2 NR Positioning WI

RAN4 related UE features for NR positioning are still under discussion and we recommend to further wait for the conclusions in RAN4 #96e on the respective feature support before adding them to the feature list. The only remaining capability that may need to be added is the support of new measurements gaps.
Below we provide a possible approach to capture the new MG in case RAN4 decides to introduce the feature.

Table 2. NR Positioning feature list

	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

(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

	11. NR Positioning Support
	11-1
	Additional measurement gap patterns for PRS measurements
	1) Support of MG pattern with MGL = X1 and MGRP = Y1 for PRS measurements
2) Support of MG pattern with MGL = X2 and MGRP = Y2 for PRS measurements

	TBA
	Yes
	N/A
	The network cannot configure new MG patterns for PRS measurements
	Per UE

	No
	No
	N/A
	Support of additional MG patterns for PRS can be indicated as a bitmap
	Optional with capability signalling

	
	
	
	
	
	
	
	
	
	
	
	
	
	


2.3 NR RRM Requirements Enhancements WI

The following updates to the NR RRM requirements enhancements feature list are proposed:
9-1: BWP switching on multiple CCs RRM requirements

· Remove components 1, i.e. support of BWP switching on multiple CCs RRM requirements. This can be implicitly indicated by the components of incremental delay. 
· Square brackets in Prerequisite feature groups should be removed. UE has to support corresponding BWP operation if it supports BWP switching on multiple CCs. 
· No need to differentiate FR1/FR2, similar with RAN1 feature 6-2, 6-3, 6-4 specified in TR 38.822.
9-8/9/10: SRS carrier switching / Multiple SCell activation / UE specific CBW change
We propose to remove square brackets. Corresponding procedures have already been supported in R15 without RRM requirement. Thus, after R16 some UE can meet associated RRM requirement while some UE may not. In our view, there may be different network behaviour when triggering corresponding procedures for different UEs. 
In RAN4#95e we mentioned several options to address this issue:

· Option 1: introduce R16 requirement and R16 optional capability 

· Option 2: introduce R16 requirement and R16 mandatory capability 

· Option 3: introduce R16 requirement w/o UE capability 

· Option 4: introduce R16 requirement and release independent capability.
The proposed options have some pros/cons:
· Option 1 means that the requirement is optionally supported. If UE doesn’t indicate support of RRM requirement, network may need to be careful when triggering corresponding procedure. Undefined UE behavior may happen. If UE indicates support of RRM requirement, UE behavior is clearly defined and no ambiguity.

· Option 2 means that all R16 UE are mandated to support this feature. Introducing capability signaling is to allow early UE implementation to support this feature.

· Option 3 also means all R16 UE are mandated to support this feature. The difference from option 2 is that early UE implementation may not be possible. R16 UE may need to wait until all the features are fully developed such that it won’t cause any ambiguity at network side. On the other hand, option 3) also means network needs to rely on AccessStratumRelease to know whether UE can meet RRM requirement. We see some drawback of this approach. The intention of AccessStratumRelease is to not link any features to be associated with this IE, and to keep it to just rel-16 ASN.1 version itself.  This approach should be used very carefully.

· Option 4 can allow early release UE to indicate support of this feature in future design.

To avoid ambiguity between the UE and network, we prefer using option 1 for most of the R16 requirements.
Below we provide adjusted version of the UE feature list based on the version in [1]:

Table 3. NR RRM enhancements feature list

	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

(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

	9. Rel-16 NR RRM Enhancement
	9-1
	BWP switching on multiple CCs RRM requirements
	
1) Incremental delay for BWP switch processing on additional CCs in timer/DCI based simultaneous BWP switching on multiple CCs


	RAN1 feature 6-2, 6-3, 6-4 specified in TR 38.822
	Yes
	N/A
	There may be additional unclear BWP switching delay if network trigger BWP switching on multiple CC simultaneously.
	Per UE
	No
	No
	N/A
	For component 2), the candidate values are:

· {100us, 200us} for UE indicates type1 in bwp-SwitchingDelay

· {400us, 800us, 1000us} for UE indicates type 2 in bwp-SwitchingDelay

The total BWP switching delay will be captured in TS38.133
	Optional with capability signalling

	
	9-2
	Mandatory gap pattern for NR-only measurements in NR SA and NR DC
	1) Support of additional mandatory gap patterns for NR-only measurements in NR SA and NR DC,


	
	Yes
	N/A
	Network cannot configure corresponding gap patterns for the UE.
	Per UE 
	No
	No
	N/A
	Note: Agreements are provided in R4-2005846. According to RAN4 agreement, a bitmap should be introduced 
	Mandatory with capability


	
	9-3
	Mandatory gap pattern for NR measurement only in LTE SA, EN-DC, NE-DC
	1) Support of full set of mandatory additional gap patterns defined for NR SA and NR-DC for NR measurement only in LTE SA, EN-DC, NE-DC


	9-2
	Yes
	N/A
	Network cannot configure corresponding gap patterns for the UE.
	Per UE 
	No
	No
	N/A
	Note: Agreements are provided in R4-2005846. According to RAN4 agreement, a single bit should be introduced
	Optional with capability 

	
	9-4
	SSB based inter-frequency measurement without measurement gap
	1) Support of inter-frequency measurement without MG when the inter-frequency SSB is completely contained in the active DL BWP of the UE

	
	Yes
	N/A
	1) gNB has to configure measurement gap for inter-frequency measurement


	Per UE
	No
	Yes
	N/A
	
	Optional with capability signalling

	
	9-5
	Different SCS between PDCCH/PDSCH and SSB in inter-frequency measurement without MG
	1) Support of SSB based measurement on inter-frequency without MG and data reception of PDCCH/PDSCH in serving with different SCS

	9-4
	Yes
	N/A
	2) UE cannot support of SSB based measurement on inter-frequency without MG and data reception of PDCCH/PDSCH in serving with different SCS


	Per UE
	No
	Yes
	N/A
	Details can be found in RAN4 LS R4-2005350 to RAN2, wherein two options are listed, i.e.1) update existing IE (simultaneousRxDataSSB-DiffNumerology); 2) introduce a new UE capability
	Optional with capability signalling

	
	9-6
	CGI reading of an NR neighbour cell
	1) Support of autonomous gap-based CGI reading of an NR neighbour cell for EN-DC, NR SA, LTE SA, NR-DC, NE-DC

	
	Yes
	N/A
	gNB cannot configure CGI reading of NR neighbor cell
	Per UE
	No
	Yes
	N/A
	Signalling details are up to RAN2.

	Optional with capability signalling

	
	9-7
	CGI reading of an E-UTRA neighbour cell
	1) Support of autonomous gap-based CGI reading of an E-UTRA neighbour cell for EN-DC, NR SA, LTE SA, NR-DC, NE-DC
	
	Yes
	N/A
	gNB cannot configure CGI reading of E-UTRA neighbor cell
	Per UE
	No
	Yes
	N/A
	Signalling details are up to RAN2.


	Optional with capability signalling

	
	9-8
	SRS carrier switching
	1) Support of SRS carrier switching RRM requirements
	Rel-15 NR RAN1 UE feature list feature 2-56 (SRS carrier switch)
	Yes
	N/A
	Network cannot know the interruption time when SRS carrier switching happens for this UE. Therefore, either network may not trigger SRS carrier switch or there will be performance degradation
	Per UE
	No
	Yes
	N/A
	Functionality of SRS carrier switching has already been supported since R15. RRM requirement is expected to be introduced in R16. Thus, R16 UE shall meet corresponding RRM requirement. The requirements apply when SRS carrier switching is on NR carrier or on LTE carrier i.e. it should cover also EN-DC and NE-DC scenarios.  

9-8 is mandatory for Rel-16 UEs supporting SRS carrier switching
	Optional with capability signalling

	
	9-9
	Multiple SCell activation
	1) Support of multiple SCell activation RRM requirement
	
	Yes
	N/A
	Network cannot know the multiple SCell activation delay and corresponding interruption length for this UE. Therefore, either network may not trigger multiple SCell activation or there will be performance degradation
	Per UE
	No
	Yes
	N/A
	Functionality of multiple SCell activation has already been supported since R15. RRM requirement is expected to be introduced in R16. Thus, R16 UE shall meet corresponding RRM requirement.
	Optional with capability signalling

	
	9-10
	UE specific CBW change
	1) Support of UE-specific CBW change RRM requirement
	
	Yes
	N/A
	Network cannot know the UE specific CBW change delay and corresponding interruption length for this UE. There will be performance degradation when UE specific CBW changes
	Per UE 
	No
	No 
	N/A
	Functionality of UE specific CBW change has already been supported since R15. RRM requirement is expected to be introduced in R16. Thus, R16 UE shall meet corresponding RRM requirement.
	Optional with capability signalling
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