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Introduction
[bookmark: _Ref178064866]Configuration of measurement gap is a topic which need to be discussed in both RAN2 and RAN4. RAN2 did not touch this topic in previous meeting as there are no much progress in RAN4. Now there is a LS R4-1711940 [1] from RAN4 summarizing RAN4 conclusion/recommendation on measurement gap, therefore it is necessary to discuss how to adopt those information in RAN2. Furthermore, RAN1 introduced a new concept of BWP, BWP has some impact on measurement gap configuration as well.
Discussion
The first information from RAN4 R4-1711940 is that there are four MGRP (measurement gap repetition periods), 20ms, 40, 80ms, 160 ms and 6 options of MGL (measurement gap length), in total there will be 24 gap pattern ID for NR. Therefore NR RRC 38.331 should be updated to reflect such agreement from RAN4. The corresponding CR is in below. 
The second information from RAN4 is that some UE may need a per UE gap to measure all frequencies, FR1 (sub 6Ghz) and FR2 (above 24Ghz), while other UE may need independent and different gap patterns, one for frequency of FR1, and one for frequency of FR2. Then this means gap configuration in NR should according to UE capability. Therefore we propose
[bookmark: _Toc489363101][bookmark: _Toc489363168][bookmark: _Toc489952000][bookmark: _Toc490211331][bookmark: _Toc490211666][bookmark: _Toc494274283][bookmark: _Toc497484944][bookmark: _Toc498441609][bookmark: _Toc498594648]Based on UE capability, UE is configured with either two independent measurement gaps one for FR1 and one for FR2, or UE is configured with one single gap pattern to measurement both FR1 and FR2. 
In order to let UE know which serving cells are affected by a measurement gap configurations, which are not, measurement gap configuration need be associated to a list of serving cells.
[bookmark: _Toc498594649]If per FR measurement gap need be configured, a new measurement gap configuration IE need be defined within which both the measurement gap configuration itself and a list of serving cell IDs that are affected by this measurement gap configuration are included.
Impact of BWP on measurement gap
RAN1 introduced a new concept called BWP (bandwidth part) which intends to configure the UE with an operation bandwidth that can be less than the actual carrier bandwidth. This has obviously similarities to the handling of “bandwidth reduced” UEs in LTE (Cat-M1) which are not able to operate on the entire carrier bandwidth . Like in LTE Cat-M1 the configured BWP may not coincide with the carrier’s SSB (PSS/SSS/MIB) and it must be discussed how the UE acquires cell sync, performs measurements and acquires SIB in such cases.
In last RAN2 meeting, the following agreement have been made regarding BWP.
3   For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')
4	Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.
5	Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).
6	The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

Furthermore, LS from RAN4 to RAN2 state that 
· 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.
According to this agreement, when UE is working in a BWP without SSB, measurement gap need be configured so that UE can do RRM measurement on the cell defining SSB which is outside UE current active BWP. On the other hand, if network schedule UE in a BWP with cell defining SSB, then measurement gap is not needed for serving cell RRM measurement. Then RRC signalling is needed to deconfigure this measurement gap as otherwise performance will be impacted. According to RAN1, BWP switch can be enabled by DCI which means BWP switch can be quite frequent. Then using RRC signalling to configure/de-configure measurement gap is apparently quite cumbersome. 
Therefore, we suggest measurement gap is configured once UE is configured with at least one BWP without cell defining SSB. And whether measurement gap is needed or not implicitly determined by UE according to the BWP it is working on. If UE is working in a BWP without cell defining SSB, then it knows it need to do serving cell RRM measurement in measurement gap. If UE is working in a BWP with cell defining SSB, then it knows it can do serving cell measurement without measurement gap. 
[bookmark: _Toc498441611][bookmark: _Toc498594650]UE can autonomously change its measurement behaviour between using measurement gap and not using measurement gap when BWP is switched according to whether BWP includes cell defining SSB or not. 
As in legacy system, measurement gap is also needed for inter-frequency measurement. Since gaps are used for both intra and inter frequency measurements, in LS from RAN4, it says 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.
Similar as above, measurement gap sharing is needed when UE is working in a BWP without cell-defining SSB, and measurement gap can be exclusively used by inter-frequency measurement when UE is working in a BWP with cell-defining SSB.
Therefore, UE can autonomously change the gap sharing portion from X percent to 100% for inter-frequency measurement.
[bookmark: _Toc498441612][bookmark: _Toc498594651]UE can autonomously change the measurement gap sharing portion for inter-frequency measurement between X percent (configured in RRC signalling) and 100% when BWP is switched according to whether BWP includes cell defining SSB or not.    

Conclusion
We propose the following:
Proposal 1	Based on UE capability, UE is configured with either two independent measurement gaps one for FR1 and one for FR2, or UE is configured with one single gap pattern to measurement both FR1 and FR2. 
Proposal 2	If per FR measurement gap need be configured, a new measurement gap configuration IE need be defined within which both the measurement gap configuration itself and a list of serving cell IDs that are affected by this measurement gap configuration are included.
Proposal 3	UE can autonomously change its measurement behaviour between using measurement gap and not using measurement gap when BWP is switched according to whether BWP includes cell defining SSB or not.
Proposal 4	UE can autonomously change the measurement gap sharing portion for inter-frequency measurement between X percent (configured in RRC signalling) and 100% when BWP is switched according to whether BWP includes cell defining SSB or not.


Appendix
ASN.1 for per FR measurement gap
-- ASN1START

MeasGapConfigPerFR-List-r15 ::= CHOICE {
    release                     NULL,
    setup                       SEQUENCE {
        measGapConfigToRemoveList-r15   MeasGapConfigToRemoveList-r15   OPTIONAL,   -- Need ON
        measGapConfigToAddModList-r15   MeasGapConfigToAddModList-r15   OPTIONAL    -- Need ON
    }
}

MeasGapConfigToRemoveList-r15 ::=   SEQUENCE (SIZE (1..maxFR-r15)) OF FRIndex-r15

MeasGapConfigToAddModList-r15 ::=   SEQUENCE (SIZE (1..maxFR)) OF MeasGapConfigPerFR-r15

MeasGapConfigPerFR-r15 ::=  SEQUENCE {
    frIndex-r15                 FRIndex-r15,
    servCellIdList              SEQUENCE (SIZE (1.. maxServCell-r15)) OF ServCellIndex-r15,
    measGapConfigPerFR-r15      MeasGapConfig
}

-- ASN1STOP
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