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1. Introduction
RAN4 informed some of the decisions on measurement gap for SS block measurement which may be relevant to design of RRC signalling for gap in [1]. This paper discusses the RRC specification impact of measurement gap configuration/coordination for MR-DC.
2. Discussion
2.1. Measurement Gap Capability

Regarding the UE capabilities associated measurement gap, RAN4 informed following:

	UE capabilities

· For UE capabilities, RAN4’s agreements are

· The capability to concurrently perform intrafrequency measurement on serving cell or neighbor cell and receive PDCCH or PDSCH from the serving cell with a different numerology is a band independent UE capability

· From RAN4 perspective, a capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 is recommended. RAN4 will work on specifications for independent gap measurement configuration on a best effort basis. 

· needforGaps capability signaling would reduce needed gaps in LTE+NR NSA operation and therefore is beneficial for capable UEs. RAN2 is recommended to evaluate the feasibility of extending the LTE ‘needforGaps’ signaling to include LTE+NR NSA operation.


RAN2 should discuss how to define the above capabilities. The above second bullet indicates the need of the UE capability per FR1 and FR2 combination. We understand this agreement as having per UE capability, instead of per frequency band or per band combination capability, and that RAN configures two measurement gaps per frequency layer group (i.e. LTE/FR1 and FR2 respectively). The third bullet indicates that for needforgaps capability, UE capability per LTE and NR band combination is needed. It is assumed that similar to LTE, the needforgaps capability in NR will be defined per supported band and per band combination for CA. However, in the context of LTE+NR NSA it is not clear whether the needforgaps capability per LTE and NR band combination can be represented by the union of needforgaps capability as defined for per LTE band and per NR band respectively. From simplicity perspective, it would be beneficial if the needforgaps for LTE+NR band in NSA operation can be derived as the union of the capability defined per LTE band and per NR band respectively.
Proposal 1: 
A capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 should be defined per UE.

Proposal 2: 
The needforGaps capability for LTE and NR band in NSA operation can be derived as the union of the capability defined per LTE band and per NR band respectively.
2.2. Measurement Gap Configuration for NR cells
In LTE-DC, the measurement gap for MN and SN is common and there is only single measurement gap configuration. However, in MR-DC, single measurement gap configuration to be applied commonly may not be appropriate because the measurement gap pattern may be different for each frequency band. Regarding the usage of measurement gap for NR cells, RAN4 informed following:
	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. 


The second last bullet explains that the monitoring/measurements in different frequency layers may or may not need a measurement gap, depending on the UE capability. Taking into account the possible combination of FR1 and FR1 in LTE and NR, our understanding for UE measurement gap configuration is summarized in the table below. The baseline of measurement gap configuration is single gap, and RAN can independently configure two gaps only if a UE can support two independent measurement gap configurations for LTE/FR1 and FR2.
Table 1: UE measurement gaps when measuring FR1, FR2 in LTE and NR
	RAN behavior for measurement gap configuration
	Neighbour carrier/ SCG

	
	LTE/FR1 (i.e. sub 6GHz)
	FR2 (i.e. above 6GHz)

	Serving carrier/ MCG
	LTE/FR1
 (i.e. sub 6GHz)
	[Case 1]

RAN configure single (same) gap, if gap is needed.
	[Case 2]

Depending on UE capability, the following configuration is possible
- single gap configuration
- two independent (different) gap configurations (each for FR1 and FR2)

	
	FR2 
(i.e. above 6GHz)
	[Case 3]

Depending on UE capability , the following configuration is possible:
- single gap configuration
- two independent (different) gap configurations (each for FR1 and FR2)
	[Case 4]

RAN configures single (same) gap, if gap is needed.


From the above table, we can understand that for the case:

· MCG and SCG are operating in the same frequency layer group (i.e., case 1 and case 4 – in which case 4 is unlikely), irrespective of the UE capability, RAN configures single gap. 

· MCG and SCG are operating in different frequency layer group (i.e., case 2 and case 3 – in which case 3 is unlikely), depending on the UE capability for independent measurement gap configuration, RAN may configure single (for UE with no capability) , and two independent gap configurations (for UE with the capability).

Proposal 3:   RAN2 confirm whether the above table is correctly represented the information indicated by RAN4.
Furthermore, in LTE, the measurement gap configuration is defined per UE. More specifically, the MeasGapConfig is included in MeasConfig. However, since RAN may configure two independent gaps for LTE/FR1 and FR2, it should be defined per frequency layer group. So for NR RRC, instead of defining MeasGapConfig in the MeasConfig, it can be included in the concerning NR measurement object. On the other hand, we should keep the existing MeasGapConfig in LTE RRC specification for backward compatibility. Therefore, we propose the following:

Proposal 4: 
In LTE and NR RRC specification, MeasGapConfig should be added into the MeasObjectNR rather than MeasConfig.
Proposal 5: 
For backward compatibility, in LTE RRC specification, the existing MeasGapConfig included in MeasConfig should be kept, and should be applied for measurement objects other than MeasObjectNR.
2.3. Measurement Gap Coordination between MN and SN

In LTE-DC, since MN handles all measurement configurations for MN and SN, the measurement gap coordination was not needed. However, in MR-DC, since MN and SN handle own measurement configuration independently and cannot comprehend other configuration, the measurement gap coordination between MN and SN is needed. 

RAN2 should discuss how to handle the measurement gap coordination between MN and SN. We think that the measurement gap coordination between MN and SN should be handled such that the MN indicates the desirable measurement configuration for FR1 and/or FR2 to the SN, and SN decides the appropriate measurement gap configuration. Therefore we propose the following:

Proposal 6:   The following handling for the measurement gap coordination should be applied:

· MN should send desirablemeasurement gap configuration for FR1 and/or FR2 using by SCGConfigInfo
· SN should decide the appropriate measurement gap configuration and send it to MN in SCGConfig
2.4. Detailed for Measurement Gap Configuration
Regarding the measurement gap pattern, RAN4 informed following:
	Measurement gap pattern

· 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.  


For LTE RRC specification, we should extend existing measGapConfig by adding new gap pattern IDs for NR i.e. 20 gap pattern IDs. For NR RRC specification, we should merely design 24 gap pattern IDs which include existing LTE gap pattern IDs 0, 1, 2 and 3. 

Proposal 7:   MeasGapConfig shown in Annex should be applied in LTE and NR RRC specification.
3. Summary and proposal
Based on the above discussion, we have the following proposals:
Proposal 1: 
A capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 should be defined per UE.

Proposal 2: 
The needforGaps capability for LTE and NR band in NSA operation can be derived as the union of the capability defined per LTE band and per NR band respectively.
Proposal 3:   RAN2 confirm whether the above table is correctly represented the information indicated by RAN4.
Proposal 4: 
In LTE and NR RRC specification, MeasGapConfig should be added into the MeasObjectNR rather than MeasConfig.
Proposal 5: 
For backward compatibility, in LTE RRC specification, the existing MeasGapConfig included in MeasConfig should be kept, and should be applied for measurement objects other than MeasObjectNR.
Proposal 6:   The following handling for the measurement gap coordination should be applied:

· MN should send desirable measurement gap configuration for FR1 and FR2 using by SCGConfigInfo
· SN should decide the appropriate measurement gap configuration for MN and SN
Proposal 7:   MeasGapConfig shown in Annex should be applied in LTE and NR RRC specification.
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5. Annex
5.1. ASN.1 for TS 36.331

–
MeasGapConfig
-- 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),





gp4-r15







INTEGER (0..19),





gp5-r15







INTEGER (0..19),





gp6-r15







INTEGER (0..19),





gp7-r15







INTEGER (0..19),





gp8-r15







INTEGER (0..19),





gp9-r15







INTEGER (0..19),





gp10-r15






INTEGER (0..39),





gp11-r15






INTEGER (0..39),





gp12-r15






INTEGER (0..39),





gp13-r15






INTEGER (0..39),





gp14-r15






INTEGER (0..79),





gp15-r15






INTEGER (0..79),





gp16-r15






INTEGER (0..79),





gp17-r15






INTEGER (0..79),





gp18-r15






INTEGER (0..159),





gp19-r15






INTEGER (0..159),





gp20-r15






INTEGER (0..159),





gp21-r15






INTEGER (0..159),





gp22-r15






INTEGER (0..159),





gp23-r15






INTEGER (0..159)



}


}

}

-- ASN1STOP

5.2. ASN.1 for TS 38.331

–
MeasGapConfig
-- ASN1START
-- TAG-MEAS-GAP-CONFIG-START
MeasGapConfig ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),





gp1








INTEGER (0..79),





gp2








INTEGER (0..39),





gp3








INTEGER (0..79), 




gp4








INTEGER (0..19),





gp5








INTEGER (0..19),





gp6








INTEGER (0..19),





gp7








INTEGER (0..19),





gp8








INTEGER (0..19),





gp9








INTEGER (0..19),





gp10







INTEGER (0..39),





gp11







INTEGER (0..39),





gp12







INTEGER (0..39),





gp13







INTEGER (0..39),





gp14







INTEGER (0..79),





gp15







INTEGER (0..79),





gp16







INTEGER (0..79),





gp17







INTEGER (0..79),





gp18







INTEGER (0..159),





gp19







INTEGER (0..159),





gp20







INTEGER (0..159),





gp21







INTEGER (0..159),





gp22







INTEGER (0..159),





gp23







INTEGER (0..159),





...


}

}

}

-- TAG-MEAS-GAP-CONFIG-STOP
-- ASN1STOP
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