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1 Introduction
In RAN2#125[1], following assumption was made

=>RAN2 assumes that gaps for L3 measurements are sufficient for LTM L1 measurements (and it is clear from R4 LS that L3 measurements are required).
RAN2 has received an LS [2] from RAN4 defining the UE capabilities for performing LTM L1 measurements. A new set of capabilities are defined by RAN4 for LTM measurements, separately from the capabilities for L3 measurements. In this contribution, we discuss the impact of these new capabilities for the measurement gap allocation in NR-DC and illustrate that the previous assumption needs to be revisited, based on the RAN4 LS.  
2 Discussion
RAN2 has received an LS from RAN4 [1] which defines the capabilities for L1 measurements for the LTM as below. 
	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

	39.

NR_Mob_enh2
	39-2
	SSB based inter-frequency L1-RSRP measurements without measurement gaps
	Capability of SSB based inter-frequency L1-RSRP measurements on SSBs within active DL BWP without measurement gaps (without interruption on serving cell(s)) for LTM


	45-1a from RAN1 Rel-18 feature list 
	Yes
	No
	UE does not support inter-frequency L1-RSRP measurements without measurement gaps
	Per BC
	No
	No
	N/A
	
	Optional with capability signaling

	39.

NR_Mob_enh2
	39-2a
	SSB based inter-frequency L1-RSRP measurements with measurement gaps
	Capability of SSB based inter-frequency L1-RSRP measurements with measurement gaps for LTM


	45-1a from RAN1 Rel-18 feature list
	Yes
	No
	UE does not support inter-frequency L1-RSRP measurements with measurement gaps
	Per UE
	No
	No
	N/A
	
	Optional with capability signaling



	39.

NR_Mob_enh2
	39-3-1
	Number of frequency layers for L1-RSRP measurement


	1. The max number of frequency layers UE can measure for intra- and inter-frequency without measurement gaps L1-RSRP measurement

2. The max number of frequency layers UE can measure for inter-frequency L1-RSRP measurement with measurement gaps 
	1. Component 1: 45-1 from RAN1 Rel-18 feature list and/or 39-2 

2. Component 2: 39-2a
	Yes
	No
	NW does not know the max number of frequency layers UE can measure
	Per BC
	No
	No
	N/A
	1. Candidate values Component 1: {1,2,3,4,5,6,7,8}

2. Candidate values Component 2: {1,2,3,4,5,6,7,8}
	Mandatory with capability signaling if UE supports 45-1, 39-2 and/or 39-2a

	39.

NR_Mob_enh2
	39-3-2
	Number of neighbour cells to be measured per frequency layer
	1. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps

2. The max number of neighbour cells UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps
	1. Component 1: 45-1 from RAN1 Rel-18 feature list or 39-2 

2. Component 2: 39-2a


	Yes
	No
	There is no limitation on the number of neighbour cells per frequency layer for L1 measurement.
	Per BC
	No
	No
	N/A
	1. Candidate values Component 1: {1,2,3,4,5,6,7,8}

2. Candidate values Component 2: {1,2,3,4,5,6,7,8}

Note: it is RAN4 understanding that RAN1 feature 45-1 and 45-1a is for number of cell that can be configured for L1 measurement. What RAN4 is discussing here is for number of cells on which UE can actually perform L1 measurement.
	Optional with capability signaling

	39.

NR_Mob_enh2
	39-3-3
	Number of total cells to be measured
	The max number of total cells of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
	45-1 from RAN1 Rel-18 feature list or 39-2
	Yes
	No
	There is no limitation on the number of total cells of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement. 
	Per BC
	No
	No
	N/A
	candidate values: {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24}
Note: when same PCI is present in serving and candidates, one PCI is counted only once in total cells
	Optional with capability signaling

	39.

NR_Mob_enh2
	39-3-4
	Number of SSB resources for L1-RSRP measurement within a slot
	The max number of SSB resources for L1-RSRP measurement that UE can measure within a slot across candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
	45-1 from RAN1 Rel-18 feature list or 39-2
	Yes
	No
	There is no limitation on the number of SSB resources   of intra-frequency and inter-frequency without measurement gaps for L1 measurement within a slot.
	Per BC
	No
	Yes
	N/A
	Candidate value: {1,2,3,4,5,6,7,8,16,32, 48,64}

Note:  It is also counted in FG 2-24
	Optional with capability signaling

	39.

NR_Mob_enh2
	39-3-5
	Number of SSB resources for L1-RSRP measurement per frequency layer
	1. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for intra-frequency or inter-frequency without measurement gaps

2. The max number of SSB resources UE can measure for L1-RSRP per frequency layer for inter-frequency with measurement gaps
	1. Component 1: 45-1 from RAN1 Rel-18 feature list or 39-2 

2. Component 2: 39-2a


	Yes
	No
	There is no limitation on the number of SSB resources per frequency layer for L1 measurement.
	Per BC
	No
	No
	N/A
	Candidate value of Component 1: {1,2,3,4,5,6,7,8}

Candidate value of Component 2: {1,2,3,4,5,6,7,8}


	Optional with capability signaling

	39.

NR_Mob_enh2
	39-3-6
	Number of total SSB resources to be measured
	The max number of total SSB resources of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
	45-1 from RAN1 Rel-18 feature list or 39-2
	Yes
	No
	There is no limitation on the total number of SSB resources of serving cells and neighboring cells across all frequency layers of intra-frequency and inter-frequency without measurement gaps for L1 measurement.
	PerBC
	No
	No
	N/A
	Candidate values:

{2,4,8,12,16,32,64}
Note: the value should be not smaller than UE capability of beamManagementSSB-CSI-RS (Component 2 of 2-24)
	Optional with capability signaling


Table 1: RAN4 capabilities for LTM measurement gap requirements
As we can see from table 1, the capabilities for the measurement gap requirements for LTM measurements are different from those of L3 measurements. Moreover, the capabilities for L3 measurements without gaps such as interFrequencyMeas-NoGap are per-UE capabilities whereas the capabilities for LTM measurements without the gaps are per-BC. There is no dependency defined for LTM measurement gap capabilities with L3 gap capabilities.
Let us consider various possibilities of gap configuration for NR-DC based on the measurement gap requirements for L1 measurements and L3 measurements, if we follow  the RAN2 assumption from RAN2#125.
	No.
	L1 measurement gap requirement
	L3 measurement gap requirement
	Gap configuration 

	1
	No need of a gap (because UE supports 39-2)
	Need a gap
	Gap is configured and used for L3 measurements (But it depends further on case#5 –case#10)

	2
	No need of a gap(because UE supports 39-2)
	No need of a gap
	No gap (But it depends further on case#5 –case#10)

	3
	Need a gap (because UE supports 39-2a only)
	No need of a gap
	Gap is not configured even though LTM measurements need gaps.

	4
	Need a gap
	Need a gap
	Gap is allocated  for L3 measurements and it is shared between L1 measurement and L3 measurements, but MN may not know the gap is shared and the allocation may not be optimal.

	5
	No need of a gap if the number of frequencies to be measured are below a capability (indicated by 39-3-1) and needs a gap otherwise
	No need of a gap
	Gap is not configured even if the number of frequencies to be measured for SCG LTM or SCG+MCG LTM are above the capability. 

	6
	No need of a gap if the number of cells to be measured per frequency layer are below a capability (indicated by 39-3-2) and needs a gap otherwise
	No need of a gap
	Gap is not configured if the total number of cells to be measured for a frequency layer for SCG LTM or SCG+MCG LTM are above the capability. 

	7
	No need of a gap if the number of cells to be measured are below a capability (indicated by 39-3-3) and needs a gap otherwise
	No need of a gap
	Gap is not configured if the number of cells to be measured for SCG LTM or SCG+MCG LTM are above the capability. 

	8
	No need of a gap if the number of SSB resources for L1-RSRP measurement that UE can measure within a slot are below a capability (indicated by 39-3-4) and needs a gap otherwise
	No need of a gap
	Gap is not configured if the number of SSB resources for L1-RSRP measurement that UE can measure within a slot for SCG LTM or SCG+MCG LTM are above the capability. 

	9
	No need of a gap if the number of SSB resources for L1-RSRP measurement that UE can measure per frequency layer are below a capability (indicated by 39-3-5) and needs a gap otherwise
	No need of a gap
	Gap is not configured if the number of SSB resources for L1-RSRP measurement that UE can measure per frequency layer for SCG LTM or SCG+MCG LTM are above the capability. 

	10
	No need of a gap if the number of total SSB resources to be measured are below a capability (indicated by 39-3-5) and needs a gap otherwise
	No need of a gap
	Gap is not configured if the total number of SSB resources to be measured for SCG LTM or SCG+MCG LTM are above the capability. 


Table 2: Gap configuration with L3 and LTM measurements for NR-DC
From the table 2, it is clear that measurement gap configuration only considering L3 measurements does not work for UE’s supporting case  3 (i.e. UE’s supporting only 39-2a when L3 measurements doesn’t require gaps). Similarly, for case 5 to case 10, when UE supports measurements of LTM measurements without gaps (capability 39-2) but the capability is further controlled based on the number of frequencies/cells/SSB resources etc., the measurement gap configuration considering L3 measurements only doesn’t work when those capabilities are exceeded. We also note that the capability 39-3-1 is a conditionally mandatory capability. Thus even case 2 will not work properly when one or more of the capabilities 39-3-1 to 39-3-6 are reported, if the measurement gap allocation considers only L3 measurements. Even for case 4 and case 1 in the table, gap configuration will not be efficient, as the MN doesn’t know that the gaps are used for LTM measurements, hence the gap configurations such as gap length or gap repetition may not consider these. As RAN2 decides the measurement gap aspects and inter-node signaling for NR-DC, there is a need to revisit the RAN2 assumption from RAN2#125 based on the RAN4 feature list. 
Observation 1: There are a number of cases (7 out of 10 in table 2) where MN doesn’t configure the required gap for LTM measurements for SCG if the gap is only based on L3 measurements. Even for the remaining cases, the configuration is not efficient.
Proposal 1: RAN2 needs to revisit the assumption that gaps for L3 measurements are sufficient for LTM L1 measurements.
It is obvious from the table 2 and above analysis that MN need to configure the measurement gaps for LTM measurements considering the LTM configuration in SN (and MN) as well as the capabilities 39-2 and 39-3.

Proposal 2: In NR-DC, MN considers the LTM configuration in SN (and MN) and the capabilities 39-2 and 39-3 while configuring measurement gaps.
In current specifications, MN does not know that SN has provided LTM measurement configurations. MN needs to know the NR-ARFCN, PCI and the SSB configuration of the LTM candidate cells configured by SN to configure the gaps utilizing the newly defined capabilities. For e.g. NR-ARFCN, PCI and SSB configuration are required for MN to identify whether the L1-RSRP measurements for LTM candidates need the gaps according to capability 39-2 in RAN4 feature list. Similarly, NR-ARFCN and PCI is required for MN to control the configuration according to 39-3-1, 39-3-2 and 39-3-3 capabilities in RAN4 feature list. SSB configuration is required for MN to control configurations according to 39-3-4, 39-3-5 and 39-3-6 in RAN4 feature list. We have also provide a TP for TS 37.340 and TS 38.331 in the annex.
Proposal 3: SN can inform the NR-ARFCN, physical cell-id (PCI) and SSB configuration of its LTM candidate cells to MN in CG-Config INM.
Proposal 4: If P1-P3 are acceptable, agree to the TP(s) in the annex. 

3 Conclusion
In this contribution, we discussed the configuration of measurement gaps for L1 measurements for LTM based on the RAN4 LS on UE capabilities for LTM and made the following observations and proposals.
Observation 1: There are a number of cases (7 out of 10 in table 2) where MN doesn’t configure the required gaps for LTM measurements for SCG if the gap is only based on L3 measurements. Even for the remaining cases, configuration is not efficient.
Proposal 1: RAN2 needs to revisit the assumption that gaps for L3 measurements are sufficient for LTM L1 measurements.

Proposal 2: In NR-DC, MN considers the LTM configuration in SN (and MN) and the capabilities 39-2 and 39-3 in the RAN4 feature list while configuring measurement gaps.

Proposal 3: SN informs the NR-ARFCN, physical cell-id (PCI) and SSB configuration of its LTM candidate cells to MN in CG-Config INM.

Proposal 4: If P1-P3 are acceptable, agree to the TP(s) in the annex. 
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5 Annex: TP to TS38.331
<only relevant sections/parts captured>
11.2.2
Message definitions

–
CG-Config
This message is used to transfer the SCG radio configuration as generated by the SgNB or SeNB. It can also be used by a CU to request a DU to perform certain actions, e.g. to request the DU to perform a new lower layer configuration.
Direction: Secondary gNB or eNB to master gNB or eNB, alternatively CU to DU.

CG-Config message

-- ASN1START

-- TAG-CG-CONFIG-START

CG-Config ::=                   SEQUENCE {

    criticalExtensions                  CHOICE {

        c1                                  CHOICE{

            cg-Config                           CG-Config-IEs,

            spare3 NULL, spare2 NULL, spare1 NULL
        },

        criticalExtensionsFuture            SEQUENCE {}

    }

}

<not relevant section not shown>

CG-Config-v1800-IEs ::=             SEQUENCE {

    candidateServingFreqRangeListNR-r18    CandidateServingFreqRangeListNR-r18             OPTIONAL,

    candidateServingFreqListNR-r16         CandidateServingFreqListNR-r16                  OPTIONAL,

    idc-TDM-AssistanceConfig-r18           ENUMERATED {enabled}                            OPTIONAL,

    candidateCellInfoListSubsequentCPC-r18 CandidateCellInfoListCPC-r17                    OPTIONAL,

    scpac-ReferenceConfigurationSCG-r18    ReferenceConfiguration-r18                      OPTIONAL,

    subsequentCPAC-Information-r18         CandidateCellInfoListCPC-r17                    OPTIONAL,

    successPSCell-Config-r18               SuccessPSCell-Config-r18                        OPTIONAL,
    candidateCellListLTM-r18               CandidateCellListLTM-r18                        OPTIONAL,
    nonCriticalExtension                   SEQUENCE {}                                     OPTIONAL
}

CandidateCellListLTM-r18 ::= SEQUENCE (SIZE (1..maxFreq)) OF CandidateCellLTM-r18

CandidateCellLTM-r18 ::=           SEQUENCE {

ltm-CandidatePCI-r18                           PhysCellId                                 OPTIONAL,
ltm-SSB-Config-r18                             LTM-SSB-Config-r18                         OPTIONAL,
   }
	CG-Config field descriptions

	CandidateCellListLTM
Contains information regarding cells that the secondary node has configured as LTM candidate cells. 


6 TP to TS37.340

7.2
Measurements

If the measurement is configured to the UE in preparation for the Secondary Node Addition procedure described in clause 10.2, the Master node should configure the measurement to the UE.

In case of the intra-secondary node mobility described in clause 10.3, the SN should configure the measurement to the UE in coordination with the MN, if required.

The Secondary Node Change procedure described in clause 10.5 can be triggered by both the MN (only for inter-frequency secondary node change) and the SN. For secondary node changes triggered by the SN, the RRM measurement configuration is maintained by the SN which also processes the measurement reporting, without providing the measurement results to the MN.

Measurements can be configured independently by the MN and by the SN (intra-RAT measurements on serving and non-serving frequencies). The MN indicates the maximum number of frequency layers and measurement identities of intra-frequency and inter-frequency measurement that can be used in the SN to ensure that UE capabilities are not exceeded. In MR-DC, to assist MN to identify the measurement type, the SN indicates to the MN the list of SCG serving frequencies. In NR-DC, to assist SN to identify the measurement type, the MN indicates also to SN the list of MCG serving frequencies. The SN can also request the MN for new maximum values of the number of measurement identities that it can configure, and it is up to the MN whether to accommodate the SN request, based on the capability coordination principles as described in 7.3. If the SN receives from the MN a new value for the maximum number of measurement identities, is SN responsibility to ensure that its configured measurement identities to comply with the new limit.

If MN and SN both configure measurements on the same carrier frequency then the configurations need to be consistent (if the network wants to ensure these are considered as a single measurement layer). Each node (MN and SN) can configure independently a threshold for the SpCell quality. In (NG)EN-DC scenario, when the PCell quality is above the threshold configured by the MN, the UE is still required to perform inter-RAT measurements configured by the MN on the SN RAT (while it's not required to perform intra-RAT measurements); when the PSCell quality is above the threshold configured by the SN, the UE is not required to perform measurements configured by the SN. In NR-DC or NE-DC scenario, when the PCell quality is above the threshold configured by the MN, the UE is not required to perform measurements configured by the MN; when the PSCell quality is above the threshold configured by the SN, the UE is not required to perform measurements configured by the SN.

NOTE:
The SN cannot renegotiate the number of frequency layers allocated by the MN in this version of the protocol.

In MR-DC, both the MN and the SN can configure CGI reporting. The MN can configure CGI reporting for intra-RAT and inter-RAT cells but the SN can only configure CGI reporting of intra-RAT cells. At any point in time, the UE can be configured with at most one CGI reporting configuration. For CGI reporting coordination, the SN sends the CGI measurement request and the embedded CGI reporting configuration to the MN. Optionally, the SN sends the unknown cell information to the MN. If there is no ongoing CGI reporting measurement on UE side, the MN forwards the SN CGI measurement configuration to UE. Otherwise the MN rejects the request by sending X2/Xn reject message. In case the SN indicates the unknown cell information, and the CGI information of the requested cell is already available in the MN, the MN can also reject the request, and sends the CGI information of the requested cell to the SN. The SN cannot configure the CGI measurement using the SRB3.

Both MN-configured and SN-configured RRM measurements are supported while the SCG is deactivated. The PSCell measurement cycle when in deactivated SCG state is configured by RRC.
When SRB3 is not configured or the SCG is deactivated, reports for measurements configured by the SN are sent on SRB1. When SRB3 is configured and SCG transmission of radio bearers is not suspended and the SCG is not deactivated, reports for measurements configured by the SN are sent on SRB3.
Measurement results related to the target SN can be provided by MN to target SN at MN initiated SN change procedure. Measurement results of target SN can be forwarded from source SN to target SN via MN at SN initiated SN change procedure. Measurement results related to the target SN can be provided by source MN to target MN at Inter-MN handover with/without SN change procedure.

Measurement results according to measurement configuration from the MN are encoded according to SN RRC when they are provided by MN to SN in SgNB Addition Request message / SN Addition Request message. During SN initiated SN change procedure, measurement results according to measurement configuration from SN are encoded according to SN RRC when they are provided by MN to SN in SgNB Addition Request message / SN Addition Request message.

Per-UE or per-FR measurement gaps can be configured, depending on UE capability to support independent FR measurement and network preference. Per-UE gap applies to both FR1 (E-UTRA, UTRA-FDD and NR) and FR2 (NR) frequencies. For per-FR gap, two independent gap patterns (i.e. FR1 gap and FR2 gap) are configured for FR1 and FR2 respectively. The UE may also be configured with a per-UE gap sharing configuration (applying to per-UE gap) or with two separate gap sharing configurations (applying to FR1 and FR2 measurement gaps respectively) [8].

A measurement gap configuration is always provided:

-
In EN-DC, NGEN-DC and NE-DC, for UEs configured with E-UTRA inter-frequency measurements as described in table 9.1.2-2 in TS 38.133 [8];

-
In EN-DC and NGEN-DC, for UEs configured with UTRAN and GERAN measurements as described in table 9.1.2-2 in TS 38.133 [8];

-
In NR-DC, for UEs configured with E-UTRAN measurements as described in table 9.1.2-3 in TS 38.133 [8];

-
In NR-DC, NE-DC, for UEs configured with UTRAN measurements as described in table 9.4.6.3-1 and 9.4.6.3-2 in TS 38.133 [8];

-
In MR-DC, for UEs that support either per-UE or per-FR gaps, when the conditions to measure SSB based inter-frequency measurement or SSB based intra-frequency measurement as described in clause 9.2.4 in TS 38.300 [3] are met;

If per-UE gap is used, the MN decides the gap pattern and the related gap sharing configuration. If per-FR gap is used, in EN-DC and NGEN-DC, the MN decides the FR1 gap pattern and the related gap sharing configuration for FR1, while the SN decides the FR2 gap pattern and the related gap sharing configuration for FR2; in NE-DC and NR-DC, the MN decides both the FR1 and FR2 gap patterns and the related gap sharing configurations. When L1 measurements for LTM are configured, MN configures the measurement gaps considering the configurations by both MN and SN and the UE capabilities for the measurement gap requirements for performing L1 measurements for LTM.
In EN-DC and NGEN-DC, the measurement gap configuration from the MN to the UE indicates if the configuration from the MN is a per-UE gap or an FR1 gap configuration. The MN also indicates the configured per-UE or FR1 measurement gap pattern and the gap purpose (per-UE or per-FR1) to the SN. Measurement gap configuration assistance information can be exchanged between the MN and the SN. For the case of per-UE gap, the SN indicates to the MN the list of SN configured frequencies in FR1 and FR2 measured by the UE. For the per-FR gap case, the SN indicates to the MN the list of SN configured frequencies in FR1 measured by the UE and the MN indicates to the SN the list of MN configured frequencies in FR2 measured by the UE.

In NE-DC, the MN indicates the configured per-UE or FR1 measurement gap pattern to the SN. The SN can provide a gap request to the MN, without indicating any list of frequencies.

In NR-DC, the MN indicates the configured per-UE, FR1 or FR2 measurement gap pattern and the gap purpose to the SN. The SN can indicate to the MN the list of SN configured frequencies in FR1 and FR2 measured by the UE and the NR-ARFCN, PCI and SSB configuration of the LTM candidate cells.

In (NG)EN-DC and NR-DC, SMTC can be used for PSCell addition/PSCell change to assist the UE in finding the SSB in the target PSCell. In case the SMTC of the target PSCell is provided by both MN and SN it is up to UE implementation which one to use.

CLI measurements can be configured for NR cells in all MR-DC options. In EN-DC and NGEN-DC, only the SN can configure CLI measurements. In NE-DC, only the MN can configure CLI measurements. In NR-DC, both the MN and the SN can configure CLI measurements, and the MN informs the SN about the maximum number of CLI measurement resources that can be configured by the SN to ensure that the total number of CLI measurement resources does not exceed the UE capabilities.

For MUSIM operation, when the UE is configured to operate in NR-DC in Network A (as described in TS 38.300 [3]), the MN indicates the per-UE MUSIM gap configuration to the SN.

