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Discussion and Decision
1      Introduction
RAN4 has sent an LS [1] to RAN2 regarding measurement gaps for SS block measurement. This contribution is to progress RAN2 related measurement gap configuration and signalling based on RAN4 progress.
2      Discussion

2.1     RAN4 LS

Below is the RAN4 LS to RAN2 related to measurement gap patterns:

	Measurement gap patterns

· RAN4 considers that measurement gap repetition periods (MGRP) of 20ms, 40ms, 80ms and 160ms should be specified configured by LTE RRC signaling specified in 36.331 and also configured by NR RRC specified in 38.331 

· RAN4 considers that there will be 6 options for measurement gap length (MGL) for NR
· In total, there are therefore 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. 4 of these options are expected to correspond to the already existing LTE gap pattern IDs 0, 1, 2 and 3. Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15.

· RAN4 may still discuss, and if agreed, define in 38.133 that only a subset of the 24 gap pattern IDs are applicable for measurements in certain scenarios which would be identified and defined by RAN4.
· Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap.

Usage of measurement gaps

· RAN4 has discussed the following use cases for measurement gaps
· Measurement of interfrequency NR cells,
· Measurement of intrafrequency NR cells when the intrafrequency SS burst is not within the UEs active bandwidth part and hence the UE needs to perform RF retuning.

· RAN4 is still discussing if gap or other mechanism is used for

· Intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block

· In case gaps are used, or in case UE needs gaps for other purposes (e.g. interfrequency measurements), RAN4 assumption is that a single gap pattern as mentioned in the measurement gap patterns section will be used.
· For monitoring of multiple frequency layers with gaps, RAN4 view is some UE may need per UE gaps to measure in either LTE and/or FR1 and/or FR2 while other UE may be able to measure with independent and potentially different gap patterns (including no gap pattern) for LTE/FR1 and FR2 serving cells (including different MGRP, MGL and offset). 

· In any case that gaps are needed, the UE is not expected to measure SS blocks which are not within the available measurement time in the gap.  



RAN4 discussed the scenario with multiple frequency layers where the UE may or may not need gaps for LTE and/or sub 6GHz (FR1) and/or above 6GHz (FR2). RAN4 has also agreed to introduce per UE measurement gap configuration and independent measurement gap configurations per LTE/FR1 and FR2. In case of per UE measurement gap configuration, it is reasonable to expect MN to configure the measurement gap after MN and SN coordinate.  
Based on RAN4 LS, the following observation can be summarized from RAN2 point over view. 

Observation 1: a total of 24 measurement gap patterns (including 4 LTE legacy gap patterns) with the 4 gap repetition periods (MGRP) and 6 MGL needs to be supported in NR with configurable offset.
Observation 2: per UE measurement gap and independent gaps are supported based on UE capability.

Observation 3: In case of independent gaps, one gap is to use to measure LTE/FR1 frequencies and the other gap is used to measure FR2 frequencies. 

2.2     Measurement gap configuration
Based on RAN4 LS on measurement gap in NR, we summarize different cases depending whether the UE supports per UE measurement gap or two independent gaps in Figure 1. In the case where the UE only support single per UE measurement gap, LTE legacy measurement gap can be configured when there is no NR measurement object. Otherwise, the network can configure new per UE measurement gap for LTE/FR1/FR2 measurements. For the UE supporting independent measurement gap, the network may configure 2 independent measurement gaps to the UE. One is used in LTE/FR1 serving cells to measure LTE/FR1 frequency(denoted LTE/FR1 gap) and the other is used in FR2 serving cells to measure FR2 frequency (denoted FR2 gap). 
Possible measurement gap pattern can be different depending on serving cells and measurement objects. For example, when MN is LTE and SN is FR1, When there is no NR measurement object, LTE legacy gap pattern can be used. Otherwise, new LTE gap pattern may be configured for LTE/FR1. In this case, since there is no FR2 serving cell, no gap is needed although FR2 measurement object is configured.
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Figure 1: Summary of the measurement gap configuration for per UE measurement gap and independent gap
As shown in Figure 1, both LTE and NR needs to support the new measurement gap pattern (either subset or all). Therefore, it is proposed to support the new measurement gap pattern in both LTE and NR RRC specifications.

As we can see in Figure 1, both LTE and NR may need to configure the new measurement gap to the UE considering both NSA and SA scenario. Therefore, both LTE and NR RRC specification will need to support the new measurement gaps. However, in case of independent gaps, there are two options as follow:
· Option 1: MN configures both measurement gaps after coordination with SN

· Option 2: MN configures measurement gap for LTE/FR1 and SN configures FR2

· LTE spec doesn’t need to support measurement gap pattern only applies to FR2 (e.g. gap pattern 9-19)
In both cases, coordination is needed between MN and SN. In terms of specification, option 1 will need to add multiple measurement gap configuration (one for LTE/FR1 and one for FR2) in LTE spec. Option 2 can keep the current LTE structure without the need of adding another measurement gap configuration for FR2. In addition, option 2 doesn’t require the LTE spec to include the FR2 measurement gap patterns. In term of specification point of view, it is much simpler. In term of network flexibility, if SN decides to perform measurement gap reconfiguration for carrier within the FR2, option 2 allows SN to do so independently without sending reconfiguration via MN. Therefore, it is proposed to support option 2.

Proposal 1: 
· For EN-DC operation, LTE RRC provides a single measurement gap configuration.

· NR RRC can provide an additional measurement gap configuration for FR2 if the UE support independent measurement gap.

·  If two measurement gaps are configured, the measurement gap configuration provided by the LTE RRC is applied to LTE and NR carriers within FR1, and the measurement gap configured by NR RRC is used for NR carriers within FR2. 
· If single measurement gap is configured for the UE not supporting independent measurement gaps, the measurement gap configuration provided by the LTE RRC should be applied to all LTE and NR carriers. 
· If single measurement gap is configured for the UE supporting independent measurement gaps, SN indicates to the UE per UE measurement gap or independent gap is configured to the UE.
In EN-DC, when SN doesn’t configure FR2 measurement gap, the UE can interpret a single per UE gap is configured to the UE or independent measurement gaps are configured to the UE with no measurement gap configured on FR2. It will be easier predict the UE measurement behaviour if it is indicated to the UE whether a single per UE gap or independent measurement gaps is configured. Therefore, it is proposed to introduce 1 bit indication configured by SN.

In terms of ASN.1 code structure for MeasGapConfig LTE specification and NR specification, there are two options. One is following current LTE approach with pattern ID from 0-23 and an offset. Alternatively, we can signal the gap repetition, MGL, offset independently. The advantage of LTE approach is that it can refer to RAN4 spec quite easily. The disadvantage is that the large number of pattern IDs. If we introduce different measurement gap in the future like we have in the enhancement measurement gap in LTE, multiple of 24 gap patterns will need to be added. The number of gap patterns may become quite long. For future measurement gap extension, may be it is good to keep the simple format, therefore, it is proposed to introduce a separate MeasGapConfig for the new measurement gap patterns. 

Proposal 2: introduce a separate MeasGapConfig for LTE/FR1 measurement is introduced in the LTE specification. 

For EN-DC, NR only needs to configure measurement gap for FR2. However, for SA scenario, NR will also need to configure measurement for LTE and FR1. Therefore, it may be good to include all LTE/FR1 and FR2 in the NR RRC specification.
Proposal 3: introduce a corresponding MeasGapConfig for LTE/FR1/FR2 measurement in NR RRC specification.
Proposal 4: Introduce 4 gap pattern ID corresponding to each gap repetition with the offset with a separate MGL configuration in the both LTE and NR RRC spec. 
2.3     Intra and inter frequency gap sharing

Below is the RAN4 LS to RAN2 related to intra and inter frequency gap sharing:
Intra/inter gap sharing

· Since gaps are used for both intra and interfrequency measurements, RAN4 view is discussing that the sharing of gaps between intra measurement and inter-measurement may need to be configurable. RAN4 is working on the exact details of intra/inter gap sharing schemes and anticipates the need for a configuration similar to the one used for LTE category M1 measurements in 36.331:

	MeasGapSharingConfig field descriptions

	measGapSharingScheme

Indicates the measurement gaps sharing scheme for BL UEs in CE mode A and CE mode B, see TS 36.133 [16, Table 8.13.2.1.1.1-2 and Table 8.13.3.1.1.1-3]. Value scheme00 corresponds to “00”, value scheme01 corresponds to “01”, and so on.


RAN4 believe that a maximum of 4 configurable sharing schemes would be suitable.. 

Since RAN4 has requested RAN2 to introduce signaling to support sharing scheme for intra and inter frequency gap sharing. Similar to MeasGapSharingConfig in LTE can be supported in NR. Total of 4 schemes will be supported based on RAN4 input.

Proposal 5: Introduce in both LTE and NR RRC an intra and inter frequency gap sharing scheme configuration (4 values), with reference to RAN4 for the definition of each scheme.
3      Text Proposal

3.1     LTE TS36.331

There are two options to add the new gap pattern in the LTE specification:

· Option 1: include new gap patterns in the existing MeasGapConfig

· Option 2: create new MeasGapConfig-r15 for the new gap patterns for measurement involving NR
	Start Text Proposal for option 1 in LTE TS36.331


–
MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/ release of measurement gaps.

MeasGapConfig information element

-- ASN1START

MeasGapConfig ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),





gp1








INTEGER (0..79),





...,




gp2-r14







INTEGER (0..39),





gp3-r14







INTEGER (0..79), 




gp-ncsg0-r14





INTEGER (0..39), 




gp-ncsg1-r14





INTEGER (0..79), 




gp-ncsg2-r14





INTEGER (0..39), 




gp-ncsg3-r14





INTEGER (0..79),





gp-nonUniform1-r14




INTEGER (0..1279),





gp-nonUniform2-r14




INTEGER (0..2559),





gp-nonUniform3-r14




INTEGER (0..5119),





gp-nonUniform4-r14




INTEGER (0..10239),




-- MGL = 6ms





gp4-r15







INTEGER (0..19),





gp5-r15







INTEGER (0..159),




-- MGL = 4ms




gp6-r15







INTEGER (0..19),





gp7-r15







INTEGER (0..39),





gp8-r15







INTEGER (0..79),





gp9-r15







INTEGER (0..159),




-- MGL = 3ms




gp10-r15






INTEGER (0..19),





gp11-r15






INTEGER (0..159)



}


}

}

-- ASN1STOP

	End Text Proposal for option 1 in LTE TS36.331


	Start Text Proposal: Change 1 for option 2 in LTE TS36.331


–
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

MeasConfig ::=





SEQUENCE {


-- Measurement objects


measObjectToRemoveList



MeasObjectToRemoveList



OPTIONAL,
-- Need ON


measObjectToAddModList



MeasObjectToAddModList



OPTIONAL,
-- Need ON


-- Reporting configurations


reportConfigToRemoveList


ReportConfigToRemoveList


OPTIONAL,
-- Need ON


reportConfigToAddModList


ReportConfigToAddModList


OPTIONAL,
-- Need ON


-- Measurement identities


measIdToRemoveList




MeasIdToRemoveList




OPTIONAL,
-- Need ON


measIdToAddModList




MeasIdToAddModList




OPTIONAL,
-- Need ON


-- Other parameters


quantityConfig





QuantityConfig





OPTIONAL,
-- Need ON


measGapConfig





MeasGapConfig





OPTIONAL,
-- Need ON


s-Measure






RSRP-Range






OPTIONAL,
-- Need ON


preRegistrationInfoHRPD



PreRegistrationInfoHRPD



OPTIONAL, 
-- Need OP


speedStatePars


CHOICE {



release







NULL,



setup







SEQUENCE {




mobilityStateParameters



MobilityStateParameters,




timeToTrigger-SF




SpeedStateScaleFactors



}


}

















OPTIONAL,
-- Need ON


...,


[[
measObjectToAddModList-v9e0


MeasObjectToAddModList-v9e0

OPTIONAL
-- Need ON


]],


[[
allowInterruptions-r11



BOOLEAN






OPTIONAL
-- Need ON


]],


[[
measScaleFactor-r12


CHOICE {




release





NULL,




setup





MeasScaleFactor-r12



}















OPTIONAL,
-- Need ON



measIdToRemoveListExt-r12


MeasIdToRemoveListExt-r12

OPTIONAL,
-- Need ON



measIdToAddModListExt-r12


MeasIdToAddModListExt-r12

OPTIONAL,
-- Need ON



measRSRQ-OnAllSymbols-r12

BOOLEAN






OPTIONAL
-- Need ON


]],


[[



measObjectToRemoveListExt-r13

MeasObjectToRemoveListExt-r13
OPTIONAL,
-- Need ON



measObjectToAddModListExt-r13

MeasObjectToAddModListExt-r13
OPTIONAL,
-- Need ON



measIdToAddModList-v1310


MeasIdToAddModList-v1310

OPTIONAL,
-- Need ON



measIdToAddModListExt-v1310


MeasIdToAddModListExt-v1310

OPTIONAL
-- Need ON


]],


[[
measGapConfigPerCC-List-r14


MeasGapConfigPerCC-List-r14

OPTIONAL,
-- Need ON



measGapSharingConfig-r14


MeasGapSharingConfig-r14

OPTIONAL
-- Need ON


]],


[[
measGapConfig-r15




MeasGapConfig-r15



OPTIONAL
-- Need ON


]]
}

	Start Text Proposal: Change 2 for option 2 in LTE TS36.331


–
MeasGapConfig-r15
The IE MeasGapConfig-r15 specifies the measurement gap configuration and controls setup/ release of measurement gaps for measurement involving NR.

MeasGapConfig-r15 information element
-- ASN1START

MeasGapConfig-r15 ::=



CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..19),





gp1








INTEGER (0..39),





gp2








INTEGER (0..79),





gp3








INTEGER (0..159), 




...


},


-- w = [1+x]ms, y = [2.25]ms, z = [5+x] in MGL as defined based on RF switching time in RAN4


mgl ::= ENUMERATE{3,4,6,w,y,z, spare1, spare2}


}

}

-- ASN1STOP

	End Text Proposal for option 2 in LTE TS36.331


3.2     NR TS38.331

Similar to LTE, there are two options format for measurement gap configuration in the NR specification:

· Option 1: similar format as in LTE legacy measurement gap pattern 

· Option 2: configure MGL as a parameter for the 4 different gap repetition with configurable offset  
	Start Text Proposal for option 1 in NR TS38.331


–
MeasGapConfig 
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/ release of measurement gaps.

MeasGapConfig information element

-- ASN1START

MeasGapConfigNR ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {




-- MGL = 6ms





gp0








INTEGER (0..19),





gp1








INTEGER (0..39),





gp2








INTEGER (0..79),





gp3








INTEGER (0..159),




-- MGL = 4ms




gp4








INTEGER (0..19),





gp5








INTEGER (0..39),





gp6








INTEGER (0..79),





gp7








INTEGER (0..159),




-- MGL = 3ms




gp8








INTEGER (0..19),





gp9








INTEGER (0..39),





gp10







INTEGER (0..79),





gp11







INTEGER (0..159),




-- MGL = [1+x]ms as defined based on RF switching time in RAN4




gp12







INTEGER (0..19),





gp13







INTEGER (0..39),





gp14







INTEGER (0..79),





gp15







INTEGER (0..159),




-- MGL = [2.25+x]ms as defined based on RF switching time in RAN4




gp16







INTEGER (0..19),





gp17







INTEGER (0..39),





gp18







INTEGER (0..79),





gp19







INTEGER (0..159),




-- MGL = [5+x]ms as defined based on RF switching time in RAN4




gp20







INTEGER (0..19),





gp21







INTEGER (0..39),





gp22







INTEGER (0..79),





gp23







INTEGER (0..159), 




...


}

}
-- ASN1STOP

	End Text Proposal for option 1 in NR TS38.331


	Start Text Proposal for option 2 in NR TS38.331


–
MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/ release of measurement gaps.

MeasGapConfig information element
-- ASN1START

MeasGapConfig ::=



CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..19),





gp1








INTEGER (0..39),





gp2








INTEGER (0..79),





gp3








INTEGER (0..159), 




...


},


-- w = [1+x]ms, y = [2.25]ms, z = [5+x] in MGL as defined based on RF switching time in RAN4


mgl ::= ENUMERATE{3,4,6,w,y,z, spare1, spare2}


}

}

-- ASN1STOP

	End Text Proposal for option 2 in NR TS38.331


4      Conclusion
Observation 1: a total of 24 measurement gap patterns (including 4 LTE legacy gaps) with the 4 gap repetition periods (MGRP) and 6 MGL needs to be supported in NR with configurable offset.
Observation 2: per UE measurement gap and independent gaps are supported based on UE capability.

Observation 3: In case of independent gaps, one gap is to use to measure LTE/FR1 frequencies and the other gap is used to measure FR2 frequencies. 
Proposal 1: 
· For EN-DC operation, LTE RRC provides a single measurement gap configuration.

· NR RRC can provide an additional measurement gap configuration for FR2 if the UE support independent measurement gap.

·  If two measurement gaps are configured, the measurement gap configuration provided by the LTE RRC is applied to LTE and NR carriers within FR1, and the measurement gap configured by NR RRC is used for NR carriers within FR2. 
· If single measurement gap is configured for the UE not supporting independent measurement gaps, the measurement gap configuration provided by the LTE RRC should be applied to all LTE and NR carriers. 
· If single measurement gap is configured for the UE supporting independent measurement gaps, SN indicates to the UE per UE measurement gap or independent gap is configured to the UE.
Proposal 2: introduce a separate MeasGapConfig for LTE/FR1 measurement is introduced in the LTE specification. 

Proposal 3: introduce a corresponding MeasGapConfig for LTE/FR1/FR2 measurement in NR RRC specification.
Proposal 4: Introduce 4 gap pattern ID corresponding to each gap repetition with the offset with a separate MGL configuration in the both LTE and NR RRC spec. 
Proposal 5: Agree on TP above for one of the option.
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