[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: OLE_LINK198][bookmark: OLE_LINK199]3GPP TSG-RAN WG2 Meeting #116 electronic          	          R2-2110982
Online, 1st November – 12th November, 2021

Agenda Item:	6.1.4.1.2
Source: 	Huawei, HiSilicon
Title: 	Discussion on inter-frequency no gap measurement in NR-DC
Document for:	Discussion and decision
Introduction
In Rel-16, inter-frequency measurement without gap was introduced by RAN4 as an NR RRM enhancement [1]. Accordingly, RAN2 specified a configuration flag in measurement configuration for the network to explicitly enable the “inter-frequency measurement without MG” feature [2].
Based on the current spec, however, how MN and SN should enable this feature in the NR-DC scenario is unclear.
[bookmark: _GoBack]In this contribution, we discuss the controlling of the inter-frequency measurement without gap feature in NR-DC.
Discussion
Issue analysis
The configuration flag for the Rel-16 NR inter-frequency no gap measurement feature in TS 38.331 is presented below.
If the network configures the interFrequencyConfig-NoGap-r16 filed to be true, the UE performs SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE.
If the network does not configure the interFrequencyConfig-NoGap-r16 filed, the UE applies legacy behaviours, i.e., performing SSB based inter-frequency measurement within measurement gaps.
	TS 38.331 v16.6.0
· [bookmark: _Toc60777252][bookmark: _Toc83740207]				MeasConfig
The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.
MeasConfig information element
-- ASN1START
-- TAG-MEASCONFIG-START

MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList                                              OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList                                              OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList                                            OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList                                            OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList                                                  OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                                                       OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                                                      OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                                                       OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig                                                OPTIONAL,   -- Need M
    ...,
    [[
    interFrequencyConfig-NoGap-r16      ENUMERATED {true}                                                   OPTIONAL    -- Need R
    ]]
}

MeasObjectToRemoveList ::=              SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId

MeasIdToRemoveList ::=                  SEQUENCE (SIZE (1..maxNrofMeasId)) OF MeasId

ReportConfigToRemoveList ::=            SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

-- TAG-MEASCONFIG-STOP
-- ASN1STOP

	MeasConfig field descriptions

	interFrequencyConfig-NoGap-r16
If the field is set to true, UE is configured to perform SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE, as specified in TS 38.133 [14], clause 9.3. Otherwise, the SSB based inter-frequency measurement is performed within measurement gaps.







In MR-DC scenarios, the UE may maintain two independent measurement configurations provided by MN and SN respectively.
For the (NG)EN-DC and NE-DC scenarios, there is no ambiguity. Only one node (i.e. the NR node) can enable the inter-frequency no gap measurement feature for UEs since this feature is only supported in the NR side.
For the NR-DC scenario, however, considering that both MN and SN are NR nodes, the rule for networks to enable the inter-frequency no gap measurement feature is not clear, which may result in ambiguity for UE’s measuring behaviour.
Possible issues to be discussed are stated as follows:
One issue is whether SN is allowed to configure the interFrequencyConfig-NoGap-r16 filed for UEs. If SN cannot configure this flag, the UE is not expected to receive the field in the measurement configuration from SN.
A further issue is that if both MN and SN can control the inter-frequency no gap measurement, what the enabling rule should be. For instance, whether the two nodes control the inter-frequency measurements independently or the configuration flag from one node can override that from the other node.
Observation 1: Based on the current specifications, it is not clear whether the measurement configurations from both the MN and the SN can contain the interFrequencyConfig-NoGap-r16 filed in the NR-DC scenario. Besides, UE’s corresponding behaviour for performing inter-frequency no gap measurement is also ambiguous.
Solutions
Based on the above analysis, we propose to clarify the rule for networks to control the inter-frequency measurement without gap feature in NR-DC. There are two potential solutions.
Option 1: only MN controls no gap measurement
In this option, only MN is allowed to control the inter-frequency measurement without gaps feature:
· if the MN configures the interFrequencyConfig-NoGap-r16 filed in measConfig associated with MCG, then for both of the inter-frequency measurements configured by MN and SN, the UE performs SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE;
· else if the MN does not configure the interFrequencyConfig-NoGap-r16 filed in measConfig associated with MCG, then for both of the inter-frequency measurements configured by the MN and SN, the UE applies legacy measuring behaviours.
Considering that in NR-DC, measurement gaps including the per-UE gap and the per-FR gaps are all configured by MN, i.e., MN has certain knowledge about the inter-frequencies to be measured by UEs, MN can basically control the inter-frequency no gap measurement properly. 
Besides, one node to control the feature is also simple in terms of UE implementation and specification impact. We can specify in the filed description of interFrequencyConfig-NoGap-r16 that in NR-DC this field can only be configured in the measConfig associated with MCG. Then the UE only needs to follow the configuration flag provided by MN and ignores that from SN if any.
Observation 2: Only allowing MN to control the inter-frequency measurement without gaps feature for UE in NR-DC is simple for UE implementation with minor spec impacts.
Option 2: MN and SN independently control no gap measurement
An alternative is to allow both of the two nodes to control the inter-frequency measurement without gaps feature:
· if the MN configures the interFrequencyConfig-NoGap-r16 filed in measConfig associated with MCG, then for the inter-frequency measurements configured by MN, the UE performs SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE;
· if the SN configures the interFrequencyConfig-NoGap-r16 filed in measConfig associated with SCG, then for the inter-frequency measurements configured by SN, the UE performs SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE.
Considering that the measurement configurations from the two nodes are independently maintained by the UE, we think it is straightforward to let the two nodes control the no gap measurement separately. The node which configures the inter-frequency measurements knows exactly whether the UE can perform the corresponding measurements without gaps, hence it can properly control the enabling of the no gap measurement function.
However, one issue should be clarified. If MN and SN both configure measurement on the same inter-frequency while the enabling of the inter-frequency no gap measurement by the two nodes is different (i.e., one node enables the no gap measurement whereas the other node does not), what should the UE behaviour be. Possible solutions can be:
a) the UE enables the no gap measurement based on the configuration flag from MN. Specifically, for the same inter-frequency measurement configure by both MN and SN:
· if the MN configures the interFrequencyConfig-NoGap-r16 filed in measConfig associated with MCG, the UE performs SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE;
· else if the MN does not configure the interFrequencyConfig-NoGap-r16 filed in measConfig associated with MCG, the UE applies legacy measuring behaviours.
b) the UE enables the no gap measurement if at least one node configures the interFrequencyConfig-NoGap-r16 filed in the corresponding measConfig.
Observation 3: Allowing MN and SN to independently control the inter-frequency measurement without gaps feature for UE in NR-DC is more favoured for utilizing the feature properly. However, the case where MN and SN provide inconsistent enabling configurations for the same inter-frequency should be clarified.
In our view, both of the two options can work with acceptable implementation complexity and specification impact. We can further discuss to adopt which solution.
Potential specification changes for the two options are provided in Annex.
Proposal 1: Clarify the rule for MN and SN to control the inter-frequency measurement without gap feature in NR-DC. Possible solutions include:
· Option 1: only MN controls the inter-frequency measurement without gaps feature. The configuration flag (interFrequencyConfig-NoGap-r16) provided by MN applies to all the inter-frequency measurements configured by MN and SN.
· Option 2: MN and SN independently control the inter-frequency measurement without gaps feature. The configuration flag (interFrequencyConfig-NoGap-r16) provided by one node applies to the inter-frequency measurements configured by this node.
Conclusion
[bookmark: OLE_LINK3]In this paper we discuss the enabling of the inter-frequency measurement without gap feature in NR-DC. Observations and proposal are summarized as below.
Observation 1: Based on the current specifications, it is not clear whether the measurement configurations from both the MN and the SN can contain the interFrequencyConfig-NoGap-r16 filed in the NR-DC scenario. Besides, UE’s corresponding behaviour for performing inter-frequency no gap measurement is also ambiguous.
Observation 2: Only allowing MN to control the inter-frequency measurement without gaps feature for UE in NR-DC is simple for UE implementation with minor spec impacts.
Observation 3: Allowing MN and SN to independently control the inter-frequency measurement without gaps feature for UE in NR-DC is more favoured for utilizing the feature properly. However, the case where MN and SN provide inconsistent enabling configurations for the same inter-frequency should be clarified.
Proposal 1: Clarify the rule for MN and SN to control the inter-frequency measurement without gap feature in NR-DC. Possible solutions include:
· Option 1: only MN controls the inter-frequency measurement without gaps feature. The configuration flag (interFrequencyConfig-NoGap-r16) provided by MN applies to all the inter-frequency measurements configured by MN and SN.
· Option 2: MN and SN independently control the inter-frequency measurement without gaps feature. The configuration flag (interFrequencyConfig-NoGap-r16) provided by one node applies to the inter-frequency measurements configured by this node.
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[bookmark: _Toc60777158][bookmark: _Toc83740113][bookmark: _Hlk54206873]6.3.2	Radio resource control information elements
–					MeasConfig
The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.
MeasConfig information element
-- ASN1START
-- TAG-MEASCONFIG-START

MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList                                              OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList                                              OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList                                            OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList                                            OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList                                                  OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                                                       OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                                                      OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                                                       OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig                                                OPTIONAL,   -- Need M
    ...,
    [[
    interFrequencyConfig-NoGap-r16      ENUMERATED {true}                                                   OPTIONAL    -- Need R
    ]]
}

MeasObjectToRemoveList ::=              SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId

MeasIdToRemoveList ::=                  SEQUENCE (SIZE (1..maxNrofMeasId)) OF MeasId

ReportConfigToRemoveList ::=            SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

-- TAG-MEASCONFIG-STOP
-- ASN1STOP

	MeasConfig field descriptions

	interFrequencyConfig-NoGap-r16
If the field is set to true, UE is configured to perform SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE, as specified in TS 38.133 [14], clause 9.3. Otherwise, the SSB based inter-frequency measurement is performed within measurement gaps. In NR-DC, the field can only be configured in the measConfig associated with MCG.

	measGapConfig
Used to setup and release measurement gaps in NR.

	measIdToAddModList
List of measurement identities to add and/or modify.

	measIdToRemoveList
List of measurement identities to remove.

	measObjectToAddModList
List of measurement objects to add and/or modify.

	measObjectToRemoveList
List of measurement objects to remove.

	reportConfigToAddModList
List of measurement reporting configurations to add and/or modify.

	reportConfigToRemoveList
List of measurement reporting configurations to remove.

	s-MeasureConfig
Threshold for NR SpCell RSRP measurement controlling when the UE is required to perform measurements on non-serving cells. Choice of ssb-RSRP corresponds to cell RSRP based on SS/PBCH block and choice of csi-RSRP corresponds to cell RSRP of CSI-RS. 

	measGapSharingConfig
Specifies the measurement gap sharing scheme and controls setup/ release of measurement gap sharing.




Option 2: TP on TS 37.340 v16.7.0
[bookmark: _Toc29248341][bookmark: _Toc37200926][bookmark: _Toc46492792][bookmark: _Toc52568318][bookmark: _Toc83652501]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.
In NR-DC, both the MN and the SN can configure the UE to perform SSB based inter-frequency measurement without gaps. If the MN configures the UE to perform SSB based inter-frequency measurement without gaps, the UE performs SSB based inter-frequency measurement configured by MN without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE, as specified in TS 38.133 [8]. If the SN configures the UE to perform SSB based inter-frequency measurement without gaps, the UE performs SSB based inter-frequency measurement configured by SN without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE, as specified in TS 38.133 [8]. If the MN and the SN both configure measurements on the same inter-frequency, in case that there is at least one node configures the UE to perform SSB based inter-frequency measurement without gaps, the UE performs SSB based inter-frequency measurement without measurement gaps for this inter-frequency when the inter-frequency SSB is completely contained in the active DL BWP of the UE.
When SRB3 is not configured, reports for measurements configured by the SN are sent on SRB1. When SRB3 is configured, 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.
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.
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.

