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1. Introduction

In RAN2#116-e, the following conclusions for UE capabilities have been reached [2]: 

	1. AS capability for paging collision avoidance is not needed (for any cases).

2. There is no need for AS capability for Busy indication.

3. There is no need for AS capability for Paging cause value.
Needs discussion

Can discuss UE capabilities for periodic/aperiodic gap request and RRC processing delay requirements for MUSIM in Rel-17 further in the next RAN2 meeting.


In RAN2#115-e, the following was left for further discussion [3]: 

	Proposal 5: RAN2 to discuss whether switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state can be enabled separately.


In this contribution, we discuss the remaining issues for UE capabilities.
2. Discussion
2.1  Network switching for MUSIM
Network switching for MUSIM includes switching procedure without and with leaving RRC_CONNECTED. The switching procedure without leaving RRC_CONNECTED is RRC-based procedure, the switching procedure with leaving RRC_CONNECTED further includes RRC-based procedure and NAS-based procedure.
For NAS-based switching procedure with leaving RRC_CONNECTED, there is NAS capability for it and it is transparent to the AS, so AS capability for NAS-based switching procedure with leaving RRC_CONNECTED is not needed. Regarding RRC-based switching procedure without/with leaving RRC_CONNECTED, the gNB needs to know whether the UE is capable of these features and sends configuration based on the UE radio capabilities. Thus, the UE needs to report capability of whether the RRC-based switching procedure without/with leaving RRC_CONNECTED is supported or not to the gNB, e.g. via UECapabilityInformation message. Moreover, RRC-based switching procedure without/with leaving RRC_CONNECTED is transparent to the CN, so these AS capabilities do not need to be transmitted between the gNB and CN, and between gNBs.
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Figure 1 Illustration of procedure for UE capabilities reporting
Based on the different contents for switching procedure without and with leaving RRC_CONNECTED in UAI message, separate AS capability for switching procedure without leaving RRC_CONNECTED and RRC-based switching procedure with leaving RRC_CONNECTED can be introduced. These capabilities should be optional and in “per UE” level.
Proposal 1: Introduce separate AS capability for switching procedure without leaving RRC_CONNECTED and RRC-based switching procedure with leaving RRC_CONNECTED. The capabilities are optional and in “per UE” level without xDD/FRx differentiation.
Furthermore, some companies mentioned that the capability for switching procedure without leaving RRC_CONNECTED can be further divided into separate UE capabilities for periodic/aperiodic gap requests. However, we don’t see the motivation to introduce these. For MUSIM scenario, the events of paging reception, measurement, SI request/reception in NW B can happen, so both periodic and aperiodic gap may be needed to support the case of switching procedure without leaving RRC_CONNECTED, we don’t see the reason that the UE only supports one of the periodic/aperiodic gaps, or the UE can only support one of the periodic/aperiodic gaps.

Proposal 2: No need to have separate UE capabilities for periodic/aperiodic gap requests.

Regarding the FFS “RAN2 to discuss whether switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state can be enabled separately”, if the UE is a MUSIM UE, when the UE is in the RRC_CONNECTED state in NW A, the UE may perform paging reception, SI reception, measurement, or setup RRC connection in NW B. That means, both the switching procedure with and without leaving RRC_CONNECTED may be needed for MUSIM UE corresponding to the different events in the NW B. Thus, switching procedure with/without leaving RRC_CONNECTED is suggested to be enabled/disabled simultaneously.
Proposal 3: Switching procedure with/without leaving RRC_CONNECTED is enabled/disabled simultaneously.

2.2  RRC Processing Delay Requirements
Current LTE and NR specs provide an upper limit on the RRC Processing Delay to specify UE performance requirements for RRC procedures. It’s stated in [4] that a given RRC procedure on a given SIM instance can be pre-empted due to a higher priority RRC procedure on the other SIM instance (e.g., NW switching), i.e., the RRC signalling processing (e.g. for RRCReconfiguration) in one SIM may be interrupted due to the RRC signalling processing (e.g. for Paging or SI) in the other SIM. However, we don't think this is a MUSIM specific issue and the similar case can also happen in legacy system. For example, when a UE is handling the RRCReconfiguration message, it may also need to handle the paging message for SI change notification. In our understanding, the current RRC processing delay has considered such parallel RRC signalling processing. So there is no need to clarify anything on the RRC processing delay for MUSIM in the specifications. 
Proposal 4: The current RRC processing delay requirement also applies to the MUSIM UE. 
2.3  Generic “MUSIM capability”
In RAN2#116-e, based on the different views expressed by companies, the summary contribution of the UE capabilities for MUSIM [5] proposed the following:

	Proposal 7 RAN2 to select one of the options below:

Option 1: There is no need for an overall MUSIM capability at AS level, i.e. it is sufficient to have AS capabilities defined for specific MUSIM features. 

Option 2: An AS capability is introduced to indicate overall support of MUSIM, i.e. inclusion of this indication in UE capability report would imply that the UE supports at least one of the defined features for MUSIM.


For paging collision and paging cause with service indication, RAN2 agreed to not have any AS capability. As in Proposal 1 above, separate AS capabilities are proposed for switching procedure without leaving RRC_CONNECTED and RRC based procedure with leaving RRC_CONNECTED which imply that the UE supports MUSIM. We don’t see any need to have AS capability to indicate overall support of MUSIM. Hence we propose RAN2 selects Option 1 from the above.
Proposal 5: There is no need for an overall MUSIM capability at AS level, i.e. it is sufficient to have AS capabilities defined for specific MUSIM features.

3. Conclusion

In this contribution, we discuss the remaining issues in UE capabilities for MUSIM and have the following proposals:

Proposal 1: Introduce separate AS capability for switching procedure without leaving RRC_CONNECTED and RRC-based switching procedure with leaving RRC_CONNECTED. The capabilities are optional and in “per UE” level without xDD/FRx differentiation. 
Proposal 2: No need to have separate UE capabilities for periodic/aperiodic gap requests.
Proposal 3: Switching procedure with/without leaving RRC_CONNECTED is enabled/disabled simultaneously.
Proposal 4: The current RRC processing delay requirement also applies to the MUSIM UE.

Proposal 5: There is no need for an overall MUSIM capability at AS level, i.e. it is sufficient to have AS capabilities defined for specific MUSIM features.
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5. Text Proposal for TS 38.331

–
UE-NR-Capability

The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [26].

UE-NR-Capability information element

-- ASN1START

-- TAG-UE-NR-CAPABILITY-START

UE-NR-Capability ::=            SEQUENCE {

    accessStratumRelease            AccessStratumRelease,

    pdcp-Parameters                 PDCP-Parameters,

    rlc-Parameters                  RLC-Parameters                                                        OPTIONAL,

    mac-Parameters                  MAC-Parameters                                                        OPTIONAL,

    phy-Parameters                  Phy-Parameters,

    rf-Parameters                   RF-Parameters,

    measAndMobParameters            MeasAndMobParameters                                                  OPTIONAL,

    fdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode                                           OPTIONAL,

    tdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode                                           OPTIONAL,

    fr1-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode                                           OPTIONAL,

    fr2-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode                                           OPTIONAL,

    featureSets                     FeatureSets                                                           OPTIONAL,

    featureSetCombinations          SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,

    lateNonCriticalExtension        OCTET STRING (CONTAINING UE-NR-Capability-v15c0)                      OPTIONAL,

    nonCriticalExtension            UE-NR-Capability-v1530                                                OPTIONAL

}

-- Regular non-critical extensions:

UE-NR-Capability-v1530 ::=               SEQUENCE {

    fdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530                            OPTIONAL,

    tdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530                            OPTIONAL,

    dummy                                    ENUMERATED {supported}                                       OPTIONAL,

    interRAT-Parameters                      InterRAT-Parameters                                          OPTIONAL,

    inactiveState                            ENUMERATED {supported}                                       OPTIONAL,

    delayBudgetReporting                     ENUMERATED {supported}                                       OPTIONAL,

    nonCriticalExtension                     UE-NR-Capability-v1540                                       OPTIONAL

}

UE-NR-Capability-v1540 ::=              SEQUENCE {

    sdap-Parameters                         SDAP-Parameters                                               OPTIONAL,

    overheatingInd                          ENUMERATED {supported}                                        OPTIONAL,

    ims-Parameters                          IMS-Parameters                                                OPTIONAL,

    fr1-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540                             OPTIONAL,

    fr2-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540                             OPTIONAL,

    fr1-fr2-Add-UE-NR-Capabilities          UE-NR-CapabilityAddFRX-Mode                                   OPTIONAL,

    nonCriticalExtension                    UE-NR-Capability-v1550                                        OPTIONAL

}

UE-NR-Capability-v1550 ::=               SEQUENCE {

    reducedCP-Latency                        ENUMERATED {supported}                                       OPTIONAL,

    nonCriticalExtension                     UE-NR-Capability-v1560                                       OPTIONAL

}

UE-NR-Capability-v1560 ::=               SEQUENCE {

    nrdc-Parameters                         NRDC-Parameters                                               OPTIONAL,

    receivedFilters                         OCTET STRING (CONTAINING UECapabilityEnquiry-v1560-IEs)       OPTIONAL,

    nonCriticalExtension                    UE-NR-Capability-v1570                                        OPTIONAL

}

UE-NR-Capability-v1570 ::=               SEQUENCE {

    nrdc-Parameters-v1570                   NRDC-Parameters-v1570                                         OPTIONAL,

    nonCriticalExtension                    UE-NR-Capability-v1610                                        OPTIONAL

}

-- Late non-critical extensions:

UE-NR-Capability-v15c0 ::=               SEQUENCE {

    nrdc-Parameters-v15c0                    NRDC-Parameters-v15c0                                        OPTIONAL,

    partialFR2-FallbackRX-Req                ENUMERATED {true}                                            OPTIONAL,

    nonCriticalExtension                     UE-NR-Capability-v15g0                                       OPTIONAL

}

UE-NR-Capability-v15g0 ::=               SEQUENCE {

    rf-Parameters-v15g0                      RF-Parameters-v15g0                                          OPTIONAL,

    nonCriticalExtension                     SEQUENCE {}                                                  OPTIONAL

}

-- Regular non-critical extensions:

UE-NR-Capability-v1610 ::=               SEQUENCE {

    inDeviceCoexInd-r16                     ENUMERATED {supported}                                        OPTIONAL,

    dl-DedicatedMessageSegmentation-r16     ENUMERATED {supported}                                        OPTIONAL,

    nrdc-Parameters-v1610                   NRDC-Parameters-v1610                                         OPTIONAL,

    powSav-Parameters-r16                   PowSav-Parameters-r16                                         OPTIONAL,

    fr1-Add-UE-NR-Capabilities-v1610        UE-NR-CapabilityAddFRX-Mode-v1610                             OPTIONAL,

    fr2-Add-UE-NR-Capabilities-v1610        UE-NR-CapabilityAddFRX-Mode-v1610                             OPTIONAL,

    bh-RLF-Indication-r16                   ENUMERATED {supported}                                        OPTIONAL,

    directSN-AdditionFirstRRC-IAB-r16       ENUMERATED {supported}                                        OPTIONAL,

    bap-Parameters-r16                      BAP-Parameters-r16                                            OPTIONAL,

    referenceTimeProvision-r16              ENUMERATED {supported}                                        OPTIONAL,

    sidelinkParameters-r16                  SidelinkParameters-r16                                        OPTIONAL,

    highSpeedParameters-r16                 HighSpeedParameters-r16                                       OPTIONAL,

    mac-Parameters-v1610                    MAC-Parameters-v1610                                          OPTIONAL,

    mcgRLF-RecoveryViaSCG-r16               ENUMERATED {supported}                                        OPTIONAL,

    resumeWithStoredMCG-SCells-r16          ENUMERATED {supported}                                        OPTIONAL,

    resumeWithStoredSCG-r16                 ENUMERATED {supported}                                        OPTIONAL,

    resumeWithSCG-Config-r16                ENUMERATED {supported}                                        OPTIONAL,

    ue-BasedPerfMeas-Parameters-r16         UE-BasedPerfMeas-Parameters-r16                               OPTIONAL,

    son-Parameters-r16                      SON-Parameters-r16                                            OPTIONAL,

    onDemandSIB-Connected-r16               ENUMERATED {supported}                                        OPTIONAL,

    nonCriticalExtension                    UE-NR-Capability-v1640                                        OPTIONAL

}

UE-NR-Capability-v1640 ::=               SEQUENCE {

    redirectAtResumeByNAS-r16               ENUMERATED {supported}                                        OPTIONAL,

    phy-ParametersSharedSpectrumChAccess-r16  Phy-ParametersSharedSpectrumChAccess-r16                    OPTIONAL,

    nonCriticalExtension                    UE-NR-Capability-v1650                                        OPTIONAL

}

UE-NR-Capability-v1650 ::=               SEQUENCE {

    mpsPriorityIndication-r16                ENUMERATED {supported}                                       OPTIONAL,

    highSpeedParameters-v1650                HighSpeedParameters-v1650                                    OPTIONAL,

    nonCriticalExtension                     UE-NR-Capability-v17xy                                                  OPTIONAL

}

UE-NR-Capability-v17xy ::=               SEQUENCE {

    musimGapRequest-r17                     ENUMERATED {supported}                                        OPTIONAL,

    musimLeaveConnected-r17                 ENUMERATED {supported}                                        OPTIONAL,

    nonCriticalExtension                    SEQUENCE {}                                                   OPTIONAL

}

UE-NR-CapabilityAddXDD-Mode ::=         SEQUENCE {

    phy-ParametersXDD-Diff                  Phy-ParametersXDD-Diff                                        OPTIONAL,

    mac-ParametersXDD-Diff                  MAC-ParametersXDD-Diff                                        OPTIONAL,

    measAndMobParametersXDD-Diff            MeasAndMobParametersXDD-Diff                                  OPTIONAL

}

UE-NR-CapabilityAddXDD-Mode-v1530 ::=    SEQUENCE {

    eutra-ParametersXDD-Diff                 EUTRA-ParametersXDD-Diff

}

UE-NR-CapabilityAddFRX-Mode ::= SEQUENCE {

    phy-ParametersFRX-Diff              Phy-ParametersFRX-Diff                                            OPTIONAL,

    measAndMobParametersFRX-Diff        MeasAndMobParametersFRX-Diff                                      OPTIONAL

}

UE-NR-CapabilityAddFRX-Mode-v1540 ::=    SEQUENCE {

    ims-ParametersFRX-Diff                   IMS-ParametersFRX-Diff                                       OPTIONAL

}

UE-NR-CapabilityAddFRX-Mode-v1610 ::=    SEQUENCE {

    powSav-ParametersFRX-Diff-r16            PowSav-ParametersFRX-Diff-r16                                OPTIONAL,

    mac-ParametersFRX-Diff-r16               MAC-ParametersFRX-Diff-r16                                   OPTIONAL

}

BAP-Parameters-r16 ::=                   SEQUENCE {

    flowControlBH-RLC-ChannelBased-r16       ENUMERATED {supported}                                       OPTIONAL,

    flowControlRouting-ID-Based-r16          ENUMERATED {supported}                                       OPTIONAL

}

-- TAG-UE-NR-CAPABILITY-STOP

-- ASN1STOP

	UE-NR-Capability field descriptions

	featureSetCombinations
A list of FeatureSetCombination:s for supportedBandCombinationList in UE-NR-Capability. The FeatureSetDownlink:s and FeatureSetUplink:s referred to from these FeatureSetCombination:s are defined in the featureSets list in UE-NR-Capability.


	UE-NR-Capability-v1540 field descriptions

	fr1-fr2-Add-UE-NR-Capabilities
This instance of UE-NR-CapabilityAddFRX-Mode does not include any other fields than csi-RS-IM-ReceptionForFeedback/ csi-RS-ProcFrameworkForSRS/ csi-ReportFramework.


6. Text Proposal for TS 38.306
4.2.2
General parameters

	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2

DIFF

	accessStratumRelease

Indicates the access stratum release the UE supports as specified in TS 38.331 [9].
	UE
	Yes
	No
	No

	delayBudgetReporting

Indicates whether the UE supports delay budget reporting as specified in TS 38.331 [9].
	UE
	No
	No
	No

	dl-DedicatedMessageSegmentation-r16

Indicates whether the UE supports reception of segmented DL RRC messages.
	UE
	No
	No
	No

	drx-Preference-r16
Indicates whether the UE supports providing its preference of a cell group on DRX parameters for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	inactiveState

Indicates whether the UE supports RRC_INACTIVE as specified in TS 38.331 [9].
	UE
	Yes
	No
	No

	inDeviceCoexInd-r16

Indicates whether the UE supports IDC (In-Device Coexistence) assistance information as specified in TS 38.331 [9].
	UE
	No
	No
	No

	maxBW-Preference-r16

Indicates whether the UE supports providing its preference of a cell group on the maximum aggregated bandwidth for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	maxCC-Preference-r16

Indicates whether the UE supports providing its preference of a cell group on the maximum number of secondary component carriers for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	maxMIMO-LayerPreference-r16

Indicates whether the UE supports providing its preference of a cell group on the maximum number of MIMO layers for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	mcgRLF-RecoveryViaSCG-r16

Indicates whether the UE supports recovery from MCG RLF via split SRB1 (if supported) and via SRB3 (if supported) as specified in TS 38.331[9].
	UE
	No
	No
	No

	minSchedulingOffsetPreference-r16

Indicates whether the UE supports providing its preference on the minimum scheduling offset for cross-slot scheduling of the cell group for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	mpsPriorityIndication-r16

Indicates whether the UE supports mpsPriorityIndication on RRC release with redirect as defined in TS 38.331 [9].
	UE
	No
	No
	No

	musimGapRequest-r17
Indicates whether the UE supports providing MUSIM assistance information with MUSIM gap request as defined in TS 38.331 [9].
	UE
	No
	No
	No

	musimLeaveConnected-r17
Indicates whether the UE supports providing MUSIM assistance information with indication of leaving RRC_CONNECTED state as defined in TS 38.331 [9].
	UE
	No
	No
	No

	onDemandSIB-Connected-r16

Indicates whether the UE supports the on-demand request procedure of SIB(s) or posSIB(s) while in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	overheatingInd

Indicates whether the UE supports overheating assistance information.
	UE
	No
	No
	No

	partialFR2-FallbackRX-Req

Indicates whether the UE meets only a partial set of the UE minimum receiver requirements for the eligible FR2 fallback band combinations as defined in Clause 4.2 of TS 38.101-2 [3] and Clause 4.2 of TS 38.101-3 [4]. If not indicated, the UE shall meet all the UE minimum receiver requirements for all the FR2 fallback combinations in TS 38.101-2 [3] and TS 38.101-3 [4]. The UE shall support configuration of any of the FR2 fallback band combinations regardless of the presence or the absence of this field.
	UE
	No
	No
	No

	redirectAtResumeByNAS-r16

Indicates whether the UE supports reception of redirectedCarrierInfo in an RRCRelease message in response to an RRCResumeRequest or RRCResumeRequest1 which is triggered by the NAS layer, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	reducedCP-Latency
Indicates whether the UE supports reduced control plane latency as defined in TS 38.331 [9]
	UE
	No
	No
	No

	referenceTimeProvision-r16

Indicates whether the UE supports provision of referenceTimeInfo in DLInformationTransfer message and in SIB9 and reference time information preference indication via assistance information, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	releasePreference-r16

Indicates whether the UE supports providing its preference assistance information to transition out of RRC_CONNECTED for power saving, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	resumeWithStoredMCG-SCells-r16

Indicates whether the UE supports not deleting the stored MCG SCell configuration when initiating the resume procedure.
	UE
	No
	No
	No

	resumeWithStoredSCG-r16

Indicates whether the UE supports not deleting the stored SCG configuration when initiating resume. The UE which indicates support for resumeWithStoredSCG-r16 shall also indicate support for resumeWithSCG-Config-r16.
	UE
	No
	No
	No

	resumeWithSCG-Config-r16

Indicates whether the UE supports (re-)configuration of an SCG during the resume procedure.
	UE
	No
	No
	No

	splitSRB-WithOneUL-Path

Indicates whether the UE supports UL transmission via MCG path and DL reception via either MCG path or SCG path, as specified for the split SRB in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode).
	UE
	No
	No
	No

	splitDRB-withUL-Both-MCG-SCG

Indicates whether the UE supports UL transmission via both MCG path and SCG path for the split DRB as specified in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode).
	UE
	Yes
	No
	No

	srb3

Indicates whether the UE supports direct SRB between the SN and the UE as specified in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode). This field is not applied to NE-DC.
	UE
	Yes
	No
	No


7. Text Proposal for TS 38.822
5.2.X
LTE_NR_MUSIM-Core
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	X. LTE_NR_MUSIM-Core
	X-1
	MUSIM NW Switching- MUSIM Gap request 
	Indicates whether the UE supports providing MUSIM assistance information with MUSIM gap request as defined in TS 38.331.
	
	musimGapRequest-r17
	UE-NR-Capability-v17xy
	No
	No
	
	Optional with capability signaling

	
	X-2
	MUSIM NW Switching-leaving RRC_CONNECTED state
	Indicates whether the UE supports providing MUSIM assistance information with indication of leaving RRC_CONNECTED state as defined in TS 38.331.
	
	musimLeaveConnected-r17
	UE-NR-Capability-v17xy
	No
	No
	
	Optional with capability signaling


UE





gNB





UECapabilityEnquiry





UECapabilityInformation


Capabilities for switching procedure without/with leaving RRC_CONNECTED








