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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 propose the capability signalling for measurement gaps as well as provide methods to reduce the measurement gap capability signalling size.  
2      Discussion

2.1     Intra-frequency measurement capability for EN-DC and NR SA
Below is the RAN4 LS to RAN2 related to UE capabilities signalling:
	· 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_.


Based on the above, per RAN4 defined intra-frequency measurement (where the SSB center frequency of the serving cell as well as the measuring neighbor frequency’s SSB center frequency are the same as well as the numerology of both SSBs are the same), the UEs that can concurrently perform intra-frequency measurement on serving cell and neighboring cell and receive PDCCH or PDSCH from the serving cell with a different numerology, should be able to perform this on any band. Since it is concluded in RAN4 that it is a band independent UE capability, it is proposed to introduce a 1 bit indication if the UE can support such functionality.

Proposal 1: Introduce per UE indication that the UE can concurrently perform intra-frequency measurement on serving cell and neighboring cells with different numerology in NR for both NSA and NR SA.

2.2     Independent gap support capability for EN-DC and NR SA

	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.  



Based on the highlighted agreements above, some UE may support independent measurement gap configuration for LTE/FR1 and FR2, where the network then can configure independent gap including no gap for certain band groups. Therefore, 1 bit indication in UE capability can be introduced to indicate if the UE support independent measurement gap configuration for LTE/FR1 and FR2. 

In EN-DC, if the UE doesn’t support the independent measurement gap, then the LTE can configure a single per UE measurement gap with coordination to SN. Therefore, it will be good for LTE to also understand this capability. 

Proposal 2: Introduce 1 bit indication in UE capability to indicate if the UE supports independent measurement gap configuration for LTE/FR1 groups of bands and FR2 bands in both LTE and NR RRC spec.
RAN4 also indicates that it is benefit to introduce “needForGaps” as in LTE for LTE+NR NSA operation. In LTE, the UE will indicate “needForGaps” per band combination per supporting band. With extension to NR band for CA, the UE will need to indicate “needForGaps” per LTE band combination per LTE and NR supporting band. Below is an example for one LTE band combination:

	LTE CA band combination: 
	Supporting bands:
	needsForGaps

	CA_1_2
	LTE Band 1
	No

	
	LTE Band 2
	Yes

	
	LTE Band 3
	Yes

	
	NR Band 10 (FR1)
	No

	
	NR band 12 (FR1)
	Yes

	
	NR all FR2 bands
	Yes


In the above example, Indication of “needsForGaps” is for each supporting band in LTE and FR1 per band combination. Since FR1 has overlapping band with LTE, therefore, each supporting band indication is needed. However, FR2 is above 6GHz, it will have the same “needsForGaps” indication for all bands in FR2 for each LTE CA band combination. Therefore, it is proposed that we only need 1 bit per LTE CA band combination to indicate FR2 “needsForGap”. This will at least reduce some UE capability size.

Proposal 3:. Introduce the “needForGap” capability indication for each NR FR1 band for each LTE CA band combination.
Proposal 4:  Introduce a single 1-bit “needForGap” capability indication for measurement on any NR FR2 band for each LTE CA band combination.
· For EN-DC, a similar table will be needed but the same optimization on FR2 cannot be reused since FR2 can also be configured as serving cells in EN-DC case. In this case, we can indicate 1 bit per UE for measurement on FR2 for different serving cell configurations as follows: If serving cell is LTE, gaps needed to measure on FR2 (1bit per UE)

· If serving cell is FR1, gaps needed measure on FR2 (1bit per UE) 

· If serving cells are LTE+FR1, measure on FR2 (1 bit per UE)

Proposal 5: For EN-DC, introduce 1 bit “needsForGaps” per UE indication when serving cell is LTE for measurement on FR2.

Proposal 6: For EN-DC, introduce 1 bit “needsForGaps” per UE indication when serving cell is FR1 for measurement on FR2.

Proposal 7: For EN-DC, introduce 1 bit “needsForGaps” per UE indication when serving cell is LTE+FR1 for measurement on FR2.

2.3     Methods to reduce the measurement gap capability reporting size for EN-DC and NR SA

In LTE, the need for measurement gap capability is reported for every supported band and for every supported CA band combination. In each of the per band and per band combinations measurement gap capability containers, the need for gaps capability is reported for all of the supported bands and for all the RATs the UE supports and this information is reported in each of the band or CA band combination entries the UE provides in the UE capability information message. With EN-DC, following the RAN4 recommendation, the same format of reporting needForGaps for each supported band in LTE and each RAT for every CA band combination, potentially has to be extended to include the NR bands as well as EN-DC band combinations which will include the NR bands. 

Observation 1: Large amount of gap information capability can be potentially transferred in EN-DC capability message.
In LTE rel-11, rel-13 and rel-14, there were enhancements done to reduce the UE capability signaling size by:

· NWs requesting the CA BCs only for the bands the NWs are interested in

· NWs requesting the CA BCs only for a certain CA order in both DL and UL

Observation 2: In some cases in rel-11, rel-13 and rel-14, based on the network requested capabilities, the LTE UEs do not report the full CA BCs and the associated capabilities. Instead, a subset of the CA BCs and the associated capabilities which are of interest to the NW are reported.
Also in rel-14, the perCC measurement gap capability is introduced where the UE reports the support of NW configured short gaps (NCSG) for each of the component carriers the UE is configured with, if the NW has requested such information.

Observation 3: Rel-14 already introduced a framework where some of the measurement gap capability per component carries is transferred from the UE to the NW outside of the UE capability request/information messages.

Based on the above, it can be beneficial in the UE capability size reduction if the measurement gap capability that is dependent on band combinations in EN-DC to be reported in the per-CC format based on the NW’s request and avoid sending the same in the UE capability information message.
The NWs can use the rel-14 perCC measurement config request message style of measurement gap capability signaling to request the UE to transfer the needforgaps information based on the configuration at the time of the request and the UE can report in the RRCConnectionReconfigurationComplete message  the needForGaps information for the current configured CA or EN-DC configuration.

Since the LTE RRCConnectionReconfiguration/RRCConnectionReconfigurationComplete messages already have in-band signaling needed to request/reply the measurement gap capability information, there is no need for introducing additional signaling to cover this case.

The below sequence diagram provide the pictorial view of the proposal.
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Proposal 8: Introduce the mechanism of transferring the needForGaps measurement gap capability information using the LTE rel-14 perCC gap style signaling where the NW requests the needForGaps measurement capability from the UE through the RRCConnectionReconfiguration message and the UE provides this for the current EN_DC CA configuration in the RRCConnectionReconfigurationComplete message. 
Proposal 9 : The UE capability in the EN-DC container shall not have the needForGaps measurement gap capability information. This reduces the need to have the complete needForGap info to be provided in the UE Capability Information message for EN-DC cases, without introducing additional RRC messages.

The number of LTE bands, NR bands, EN-DC band combinations, NR CA band combinations as well as the NR_NR DC band combinations are going to increase in later releases and using the above framework does not linearly increase the capability size based on the increase in bands and band combinations.
Proposal 10: Extend the rel-14 per-CC based needForGaps measurement gap capability reporting for NR SA 

Proposal 11: RAN2 to discuss the MN-SN co-ordination in transferring the needForGap capabilities under the new signaling scheme..   
3      Text Proposal 
May provide the sample ASN.1 changes below
-- ASN1START

RRCConnectionReconfiguration-r15-IEs ::= SEQUENCE {


--other reconfiguration IEs

measurementGapIndicationRequest-r15
ENUMERATED{true}




OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}
RRCConnectionReconfigurationComplete-r15-IEs ::= SEQUENCE {

     measurementGapCapability MeasurementGapCapability-r15 OPTIONAL,

     nonCriticalExtension        SEQUENCE {} OPTIONAL

}

MeasurementGapCapability-r15 ::= SEQUENCE {

     perCC-GapCapabilityInformation PerCC-GapCapabilityInformation-r15 OPTIONAL
}

PerCC-GapCapabilityInformation-r15 ::= SEQUENCE (SIZE(1..maxServCell-r15)) OF PerCC-GapCapability-r15

PerCC-GapCapabiilty-r15 ::= SEQUENCE {

     servCellId-r14    ServCellIndex-r13,

     gapIndication-r14 ENUMERATED {gap, ncsg, nogap-noNcsg, FR1-gap, FR2-gap}  -- ncsg gap not planned for rel-15
     

 -- provide the needForGap info for all the EUTRA and NR bands the UE supports while in the current CA configuration


 needforGapsInfoperBand GapInfoPerEUTRABand OPTIONAL,
     needforGapsInfoperBand GapInfoPerNRUTRABand OPTIONAL
}

-- For standalone NR:
RRCConnectionSetup-r15-IEs ::= SEQUENCE {


--other reconfiguration IEs

measurementGapIndicationRequest-r15
ENUMERATED{true}




OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

RRCConnectionResume-r15-IEs ::= SEQUENCE {


--other reconfiguration IEs

measurementGapIndicationRequest-r15
ENUMERATED{true}




OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

RRCConnectionReestablishment-r15-IEs ::= SEQUENCE {


--other reconfiguration IEs

measurementGapIndicationRequest-r15
ENUMERATED{true}




OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}
MobiiltyFromEUTRACommand-r15-IEs ::= SEQUENCE {


--other reconfiguration IEs

measurementGapIndicationRequest-r15
ENUMERATED{true}




OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

-- ASN1STOP

4      Conclusion
Proposal 1: Introduce per UE indication that the UE can concurrently perform intra-frequency measurement on serving cell and neighboring cells with different numerology in NR for both NSA and NR SA.

Proposal 2: Introduce 1 bit indication in UE capability to indicate if the UE supports independent measurement gap configuration for LTE/FR1 groups of bands and FR2 bands in both LTE and NR RRC spec.
Proposal 3:. Introduce the “needForGap” capability indication for each NR FR1 band for each LTE CA band combination.
Proposal 4:  Introduce a single 1-bit “needForGap” capability indication for measurement on any NR FR2 band for each LTE CA band combination.
Proposal 5: For EN-DC, introduce 1 bit “needsForGaps” per UE indication when serving cell is LTE for measurement on FR2.

Proposal 6: For EN-DC, introduce 1 bit “needsForGaps” per UE indication when serving cell is FR1 for measurement on FR2.

Proposal 7: For EN-DC, introduce 1 bit “needsForGaps” per UE indication when serving cell is LTE+FR1 for measurement on FR2.

Proposal 8: Introduce the mechanism of transferring the needForGaps measurement gap capability information using the LTE rel-14 perCC gap style signaling where the NW requests the needForGaps measurement capability from the UE through the RRCConnectionReconfiguration message and the UE provides this for the current EN_DC CA configuration in the RRCConnectionReconfigurationComplete message. 

Proposal 9 : The UE capability in the EN-DC container shall not have the needForGaps measurement gap capability information. This reduces the need to have the complete needForGap info to be provided in the UE Capability Information message for EN-DC cases, without introducing additional RRC messages.

Proposal 10: Extend the rel-14 per-CC based needForGaps measurement gap capability reporting for NR SA 

Proposal 11: RAN2 to discuss the MN-SN co-ordination in transferring the needForGap capabilities under the new signaling scheme..   
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