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1 Introduction
In Rel-17, the enhancement of measurement gap (MG) is involved in several WIs, including NR_MG_enh-Core, NR_NTN_solutions-Core, NR_pos_enh-Core, and LTE_NR_MUSIM-Core.
In this contribution, we discuss the coordination of gap enhancement across the multiple topics.

2 Discussion

2.1 Background

· MG enhancement

The MG enhancement WI includes three kinds of gap enhancements: pre-configured MG, concurrent MG and NCSG.
Pre-configured MG aims to deactivate the configured MG when the reference signal to be measured is covered in the active BWP.

Concurrent MGs are multiple gaps configured by RRC message(s), and the RRC message(s) will also configure the association between concurrent gaps and frequency layers or use cases.

NCSG (network controlled small gap) is based on additional UE RF resources. With NCSG, the interruption of data transmission only takes place during VIL (visible interruption length) instead of the whole MG length.

Among the three features, pre-configured MG and NCSG bear little relation to other topics. However, since concurrent MGs can be based on use cases, RAN2 should discuss whether the multiple gaps of other WIs can be incorporated to the concurrent MGs.
· NTN

The number of required MGs in NTN is not decided yet, and there is an agreement that “RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN.”
The maximum number of SMTCs in NTN is 4, and they differ mainly in offsets (FFS periodicity etc). The requirement for multiple SMTCs is because the configured offset may become inaccurate with the movement of satellite and that one SMTC window with a maximum of 5ms duration may not be able to cover the SSBs of neighbour cells. For measurement gap configuration, the case is similar to SMTC. RAN2 may need the confirmation from RAN4 regarding whether gaps differing only in offsets are considered as multiple gaps.
Observation 1: The details of multiple gaps in NTN have not been decided. RAN2 may need the confirmation from RAN4 regarding whether gaps differing only in offsets are considered as multiple gaps.

· Positioning

In positioning, MG can be activated by DL MAC CE. The overall procedure regarding MG is as follows:
1) gNB determines the pre-configured MG and configures it to UE via RRC message;

2) When the UE is requested to provide location information by LMF, the MG is requested either by LMF (by sending NRPPa message to the serving gNB) or by UE (via UL MAC CE to the serving gNB);

3) After receiving MG request, the serving gNB activates the MG via DL MAC CE.

Even though there is “pre-configuration”, it has different meaning with the pre-configured MG in MG enhancement WI. In MG enhancement WI, the pre-configured MG is not activated/deactivated through MAC CE, rather, the activation/deactivation is determined either by explicit rule in the spec, or by explicit RRC configuration which is also pre-configured.
Gap pattern 24 (MGL 10ms, MGRP 80 ms) and 25 (MGL 20 ms, MGRP 160 ms) are used for positioning.

· MUSIM

In MUSIM, there can be at most two periodic gaps and a single aperiodic gap, and MUSIM will not use MAC CE to activate/deactivate gaps.

The periodic gaps are mainly for periodic switching, including SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement.
The intent of aperiodic gap is as follows: If until the end of the aperiodic gap the UE still has not completed activity in NW B, e.g. due to the random access for on-demand SI request, the UE should stop the activity in NW B and switch to NW A. If needed, the UE can request another aperiodic gap in NW A.
RAN2 sent an LS to RAN4 on the gap patterns for MUSIM and a reply LS has been received [1]. For some cases, legacy gap patterns can be used but with low efficiency. Regarding paging reception with/without SSB for AGC, additional gap patterns with longer MGRP equal to network B DRX cycles can be used. Besides, RAN4 has not reached consensus for scenario 3.
· Summary
Based on the above discussion, the one thing in common among the WIs is the configuration of multiple gaps, i.e., concurrent gaps. Although Positioning also involves pre-configuration, it has different meaning with the pre-configured gap in MG enhancement. Besides, apart from MUSIM, all gaps are periodic gaps with the legacy R16 gap patterns.

Proposal 1: The one thing in common among the WIs is the configuration of multiple gaps (concurrent gaps). Other features (pre-configured gaps, NCSG, gap activation/deactivation via MAC CE) are only valid in one WI, thus will not be discussed in this AI.
2.2 Coordination

· Joint configuration of multiple features
Before going to the details of joint configuration, we first need to understand whether it is allowed to simultaneously enable multiple features among MG enhancement, NTN, Positioning and MUSIM.

In our understanding, NTN and Positioning will not be used together. In Rel-17, the location in NTN is acquired by GNSS instead of RAT-dependent positioning methods, and the satellite will not transmit PRS. Therefore NTN and Positioning will not be enabled at the same time. Other features can be enabled simultaneously from our perspective.
Proposal 2: In Rel-17, the configuration signalling of MG should consider the various combinations of these features (MG enhancement, NTN, Positioning, MUSIM) except for the case of simultaneous enabling of NTN and Positioning.
· Details of gap configuration
In MG enhancement WI, the concurrent gaps can be associated to frequency layers or use cases. The use case could be RS type or RAT. The discussion on concurrent gaps has already considered positioning and reached the agreement: PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
For other topics, some more use cases can be added, e.g., MUSIM.
Proposal 3: Concurrent gaps can be associated to use cases. The use case can be RS type like SSB, CSI-RS, PRS, or RAT type, or specific scenario like MUSIM.
The possible ASN.1 is as follows:
GapConfig ::=                       SEQUENCE {

    gapOffset                           INTEGER (0..159),

    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},

    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},

    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},

    ...,

    [[

    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC

    ]],

    [[

    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA

    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS

    ]],
    [[

    gapAssociation-r17




GapAssoication-r17


OPTIONAL,    -- Need R
    gapOffsetListNTN-r17



GapOffsetListNTN-r17

OPTIONAL     -- Need R
    ]]
}
GapAssoication-r17 ::=                SEQUENCE {

    gapPurpose-r17                       GapPurpose-r17              OPTIONAL,    -- Need R
    frequencyLayers-r17                  FrequencyLayersList-r17
 OPTIONAL     -- Need R
}
GapPurpose-r17 ::=                    SEQUENCE {

    rsType-r17                              SEQUENCE {


ssb

                      

BOOLEAN,


csi-rs

                      

BOOLEAN,


prs

                      

BOOLEAN

},
rat-r17                              
ENUMERATED {nr,inter-RAT}   OPTIONAL,    -- Need R
musim-r17                               ENUMERATED {true}           OPTIONAL     -- Need R
}
GapOffsetListNTN-r17 ::=              SEQUENCE {

    gapOffset2                          INTEGER (0..159),

    gapOffset3                          INTEGER (0..159)            OPTIONAL     -- Need R
}
FrequencyLayersList-r17 :: =   
SEQUENCE (SIZE (1..maxlayers-r17)) OF FrequencyLayers-r17
FrequencyLayers-r17 ::=               CHOICE {

prs








ARFCN-ValueNR,

non-prs







SEQUENCE {


rsType-r17 






CHOICE {



ssb

                      

BOOLEAN,



csi-rs

                      
BOOLEAN


},


mo-Index-r17                        MeasObjectId

}

}
For NTN, the multiple gaps may differ only in offsets, therefore an extra gapOffsetListNTN-r17 can be added, which saves signalling overhead compared with configuring multiple gaps (including offset, MGL, MGRP and MGTA). With this, NTN will not be involved in the configuration of GapAssoication.
In the latest LS on concurrent gaps from RAN4 [2], some progress has been made on the maximum number of concurrent MGs:

	For UE not capable of per-FR MG, at maximum 2 per-UE MGs can be configured.

For UE capable of per-FR MG, the following configurations are supported:
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# of simultaneous MG
RAN4 conclusion

Per-FR1

Per-FR2

Per-UE

0

2

1

0

Supported

1

1

2

0

Supported

2

0

0

2

Supported

3

1

0

1

FFS

4

0

1

1

FFS
5

1

1

1

FFS
6

2

2

0

FFS
7

0

0

1

Supported

8

1

1

0

Supported

9

1

0

0

Supported

10

0

1

0

Supported

11

2

0

0

Supported

12

0

2

0

Supported




The multiple gaps configured (regardless of the use cases) shall not exceed this limitation.
Proposal 4: Total number of multiple gaps configured to the UE (regardless of the features enabled or the purpose of gaps) shall not exceed the limitation set in the MG enhancement WI for concurrent MGs.
3 Conclusion

In this contribution, we discussed gaps coordination and propose the following:

Observation 1: The details of multiple gaps in NTN have not been decided. RAN2 may need the confirmation from RAN4 regarding whether gaps differing only in offsets are considered as multiple gaps.

Proposal 1: The one thing in common among the WIs is the configuration of multiple gaps (concurrent gaps). Other features (pre-configured gaps, NCSG, gap activation/deactivation via MAC CE) are only valid in one WI, thus will not be discussed in this AI. 
Proposal 2: In Rel-17, the configuration signalling of MG should consider the various combinations of these features (MG enhancement, NTN, Positioning, MUSIM) except for the case of simultaneous enabling of NTN and Positioning.
Proposal 3: Concurrent gaps can be associated to use cases. The use case can be RS type like SSB, CSI-RS, PRS, or RAT type, or specific scenario like MUSIM.
Proposal 4: Total number of multiple gaps configured to the UE (regardless of the features enabled or the purpose of gaps) shall not exceed the limitation set in the MG enhancement WI for concurrent MGs.
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