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1	Introduction
The NR Rel-17 has several WI discussing topics that intent to specify extensions to the handling of UE measurement gaps. Out of these, two are RAN2-led WIs (MUSIM and NTN) and two are RAN4-led WIs (MG enhancements, FR2 enhancements). Due to this, RAN2#116e made the decision to attempt to discuss whether some common design is possible to ensure normal feature inter-operability. Currently, RAN2 specification already defines two types of gaps: Per-UE gaps (abbreviated as PUG in this document), during which UE is not required to use any serving cells, and Per-FR gaps (abbreviated as PFG in this document), during which UE is not required to use the serving cells of corresponding FR.
In this document, we discuss both what is being done in all of the respective WIs, how to handle the potentially common parts and how each gap type interacts with the other gap types.
2	Rel-17 work on measurement gaps
2.0	Current measurement gaps in NR
NR currently defines two types of measurement gaps: Per-UE gaps and Per-FR gaps. These are illustrated in the figure below.
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Figure 1. Per-UE gaps
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Figure 2. Per-FR gaps
2.1	Measurement gap enhancements WI
The measurement gap (MG) enhancement WI (see RP-211591) considers three separate features:
1) Pre-configured measurement gaps (abbreviated as PMG in this document): Network (pre-)configures UE with MG patterns that will be activated based on certain conditions (e.g. for SSB measurement needs gap).
2) Concurrent  measurement gaps (abbreviated as CMG in this document): Network configures UE with two concurrent (and independent) MG patterns that are active at the same time 
3) Network controlled small gaps (abbreviated as NCSG in this document): Network configures gaps that UE uses for RF retuning, making the UP interruptions predictable to the network.
An example of how these could be used is shown in the figures below.
[image: ]
Figure 3. Example usage of pre-configured measurement gaps (activated e.g. based on SSB measurement need )
[image: ]
Figure 4. Example usage of concurrent measurement gaps (different gap for MCG and SCG)
[image: ]
Figure 5. Example usage of network-controlled small gaps (gap to make UP interruption in PCell due to deactivated SCell measurements predictable to network)
Observation 1: The measurement gap enhancement WI objectives impact both how gaps can be configured for UE and how they are activated, but do not directly require new RAN2 measurement procedures.
2.2	MUSIM
The work on multiple SIM (see RP-212610) support at UE focuses on the so-called "network-switching gaps" (abbreviated as NSG in this document), allowing UE to receive paging from a network (=NW A) while operating under another network (=NW B). The below figure illustrates an example of how these could be used:
[image: ]
Figure 6. Example usage of network-switching gaps for MUSIM (periodic for measurements, aperiodic for busy indication) 
Hence, the switching gaps enable UE to 1) measure the NW B, 2) Receive SI from NW B, 3) receive paging from NW B and (potentially) 4) indicate to network B that while UE received the paging, it is not able to respond to the call (at the moment). These require UE to utilize periodic gaps (for 1-3) and/or aperiodic gaps (for 4, which requires longer stay away), with RAN2 having agreed to support up to two (potentially simultaneous) periodic gaps and one aperiodic gap per UE. However, it is still up to MUSUIM discussion whether both periodic and aperiodic gaps would be needed at the same time, and whether UE needs more than one periodic gap pattern active at the same time. But nonetheless, as these gaps are for "additional NW" measurements and current serving NW may also have measurement gaps, there could be at least two concurrent gap patterns active based on MUSIM Rel-17 feature.
Observation 2: The MUSIM WI considers up to three gap patterns in Rel-17, but it's not yet clear if more than two concurrent gap patterns would be needed.
2.3	NTN
The work on non-terrestrial networks (see RP-211557) is specifying support for satellite-based communication network, and the work has considered up to four network-configured SMTCs (abbreviated as MNSG or multiple NTN SMTC Gaps in this document) to be used for UE measurements. Each SMTC may belong to a different satellite (group), and may require its own gaps, as the (extremely simplified) Figure 7 below illustrates. Conceptually this is no different from the concurrent measurement gaps discussed in 2.1.
[image: ]
Figure 7. Example usage of multiple SMTCs requiring measurement gaps in NTN
As each SMTC can be independent and can require measurement gaps, this would mean potentially up to four concurrent measurement gap patterns (i.e. one for each SMTC). The exact requirement on gaps is not clear as of yet, but at least two concurrent gap patterns have been under discussion, and there might be also impacts to the MGL (in case two SMTC partially overlap or are one after another). In any case, at least two concurrent gaps are needed, which clearly has overlap with the CMG objective from the MG enhancement WI. 
Observation 3: The MNSG (i.e. multiple SMTCs for NTN) seem to have clear overlap with the CMG objective in the measurement gap enhancement WI.
2.4	FR2 enhancements
The work on FR2 enhancements (see RP-213666) is specifying FR2 UL gaps (abbreviated as FUG in this document) to be used for MPE issue detection. The below figure illustrates an example of how the FR2 UL gaps could be used. 
[image: ]
Figure 8. Example usage of FR2 UL gaps for MPE detection
It should be noted that these UL gaps are used for FR2 only, and shall not have any impact to FR1 operation (including LTE, as has been clarified in RAN#94e). But they could impact FR2 (UL) operation, and it's not clear yet if there could be multiple concurrent FR2 gaps (e.g. per-FR gap for FR2 and concurrent FR2 UL gap, or per-UE gap for FR1+FR2 and FR2 UL gap), so at least in theory UL gaps could also necessitate use of two concurrent (measurement) gaps, which means this WI also has a potential overlap with the MG enhancement WI. Otherwise, it can be assumed that e.g. FR1 MCG may not even need to be aware of the FR2 SCG UL gaps. 
Observation 4: The FR2 UL gaps may have some overlap with the CMG objective of measurement gap enhancement WI, and it needs to be clarified if FR2 UL gap is considered as "concurrent" measurement gap.
3	Common elements for Rel-17 gaps
As the section 2 has illustrated, the main obvious commonality discussed in the WIs is the use of "concurrent" measurement gaps. Hence, RAN2 should at least try to clarify which of the gap enhancements can be configured simultaneously, and how UE capabilities of concurrent gaps apply in each case. 
Proposal 1: RAN2 to clarify whether UE capable of concurrent measurement gaps covers any case where measurement gaps can be used concurrently (i.e. NTN, MUSIM, UL gaps).
Otherwise, it seems like the FR2 UL gaps can be semi-independent from other cases, except for the concurrent gap limit (as per proposal 1 outcome). The FR2 UL gaps have a specialized use case, and as long as network ensures they don't overlap with other gaps, they could be independent from other gaps.
Proposal 2: Non-overlapping FR2 UL gaps can be configured independently from legacy per-UE gaps and per-FR gaps. 
On the overall gap framework, one question RAN2 needs to consider is how to configure all the different gaps: Should there be a common RRC IE for all cases (with CHOICE used for different configurations as needed), or should all gap types have their own, separate configurations? We observe the following on this question:
· Concurrent gaps should be done as a "common" framework to allow most types of gaps to be used. Then whether all combinations are allowed can be further restricted by field conditions and descriptions in RRC.
· Different gap types are needed (e.g. MUSIM P-NSG/A-NSG, FR2 UL gaps) in configuration. These can be differentiated by CHOICE.
· Legacy gap configuration can be unchanged whenever a single per-UE gap or per-FR gaps are used. Thus, the legacy per-UE and per-FR gaps would remain as they are, and only the "new" gap types would be added.
· 
Proposal 3: Add an additional gap configuration for Rel-17 gaps.
Proposal 4: Model NTN gaps as concurrent gaps.
Proposal 5: Model pre-configured gaps as additional configuration within existing GapConfig.
Proposal 6: Create new gap configuration for NCSG.
Proposal 7: Model concurrent gaps using legacy per-UE/per-FR gaps together with an "additional" gap types for each case in the Rel-17 signalling. 
To make these more concrete, Annex A shows the current gap configuration and Annex B shows an illustrative example of how the above proposals could be accomplished (all changes highlighted in yellow, with many details marked as "tbd").
Proposal 8: RAN2 to discuss whether the proposed configuration structure in Annex B can be used as baseline for the common configuration development.
4	Conclusion
This documents has made the following observations:
Observation 1: The measurement gap enhancement WI objectives impact both how gaps can be configured for UE and how they are activated, but do not directly require new RAN2 measurement procedures.
Observation 2: The MUSIM WI considers up to three gap patterns in Rel-17, but it's not yet clear if more than two concurrent gap patterns would be needed.
Observation 3: The MNSG (i.e. multiple SMTCs for NTN) seem to have clear overlap with the CMG objective in the measurement gap enhancement WI.
Observation 4: The FR2 UL gaps may have some overlap with the CMG objective of measurement gap enhancement WI, and it needs to be clarified if FR2 UL gap is considered as "concurrent" measurement gap.
And proposed the following:
Proposal 1: RAN2 to clarify whether UE capable of concurrent measurement gaps covers any case where measurement 
gaps can be used concurrently (i.e. NTN, MUSIM, UL gaps).
Proposal 2: Non-overlapping FR2 UL gaps can be configured independently from legacy per-UE gaps and per-FR gaps. 
Proposal 3: Add an additional gap configuration for Rel-17 gaps.
Proposal 4: Model NTN gaps as concurrent gaps.
Proposal 5: Model pre-configured gaps as additional configuration within existing GapConfig.
Proposal 6: Create new gap configuration for NCSG.
Proposal 7: Model concurrent gaps using legacy per-UE/per-FR gaps together with an "additional" gap types for each case in the Rel-17 signalling. 
Proposal 8: RAN2 to discuss whether the proposed configuration structure in Annex B can be used as baseline for the common configuration development.









Annex A: Current measurement gap configuration in RRC

[bookmark: _Toc60777253][bookmark: _Toc83740208]–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

[bookmark: _Hlk92793903]MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]]

}

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
    ]]
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

	MeasGapConfig field descriptions

	gapFR1
Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2
Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapUE
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In (NG)EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE measurement gap). In NE-DC, gapUE can only be set up by NR RRC (i.e. LTE RRC cannot configure per UE gap). In NR-DC, gapUE can only be set up in the measConfig associated with MCG. If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. The applicability of the per UE measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapOffset
Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range is from 0 to mgrp-1.

	mgl
Value mgl is the measurement gap length in ms of the measurement gap. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on. If mgl-r16 is present, UE shall ignore the mgl (without suffix).

	mgrp
Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The measurement gap repetition period is according to Table 9.1.2-1 in TS 38.133 [14].

	mgta
Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to clause 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25 ms and ms0dot5 corresponds to 0.5 ms. For FR2, the network only configures 0 ms and 0.25 ms. 

	refFR2ServCellAsyncCA
Indicates the FR2 serving cell identifier whose SFN and subframe is used for FR2 gap calculation for this gap pattern with asynchronous CA involving FR2 carrier(s).

	refServCellIndicator
Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.



	Conditional Presence
	Explanation

	AsyncCA
	This field is mandatory present when configuring FR2 gap pattern to UE in:
- (NG)EN-DC or NR SA with asynchronous CA involving FR2 carrier(s);
- NE-DC or NR-DC with asynchronous CA involving FR2 carrier(s), if the field refServCellIndicator is set to mcg-FR2.
In case the gap pattern to UE in NE-DC and NR-DC is already configured and the serving cell used for the gap calculation corresponds to a serving cell on FR2 frequency in MCG, then the field is optionally present, need M. Otherwise, it is absent, Need R.

	NEDCorNRDC
	This field is mandatory present when configuring gap pattern to UE in NE-DC or NR-DC. In case the gap pattern to UE in NE-DC and NR-DC is already configured, then the field is absent, need M. Otherwise, it is absent.

	PRS
	This field is optionally present, Need R, when configuring gap pattern to UE for measurements of DL-PRS configured via LPP (TS 37.355 [49]). Otherwise, it is absent.




Annex B: Proposed RRC baseline for Rel-17 measurement gap configuration
–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]],
    [[
    additionalGap-r17                   SetupRelease { AdditionalGapConfig-r17}
    ]]
}

AdditionalGapConfig-r17 ::=        SEQUENCE {
    gapFR1-r17                        SetupRelease { GapConfig-r17 }                                              OPTIONAL,    -- Need M
    gapFR2-r17                        SetupRelease { GapConfig-r17 }                                              OPTIONAL,    -- Need M
    gapUE-r17                         SEQUENCE of (SIZE (0..maxPerUE-Gaps-r17)) OF GapConfig                      OPTIONAL,    -- Need M
    gapMUSIM-r17                      SetupRelease { GapMUSIM-r17 }                                               OPTIONAL,    -- Need M
    gapUL-FR2-r17                     SetupRelease { GapUL-FR2-r17 }                                              OPTIONAL,    -- Need M
    gapNCSG-r17                       SetupRelease { GapNCSG-r17 }                                                OPTIONAL,    -- Need M
    ...
}

maxPerUE-Gaps-r17                  INTEGER ::= 2

GapMUSIM-r17 ::=       SEQUENCE {
    gapPeriodic1-r17                    SetupRelease { GapConfig }                                              OPTIONAL,    -- Need M
    gapPeriodic2-r17                    SetupRelease { GapConfig }                                              OPTIONAL,    -- Need M
    gapAperiodic1-r17                   OneShotGapConfig-r17                                                    OPTIONAL,    -- Need N
    ...
}

OneShotGapConfig-r17 ::=       SEQUENCE {
    startTime-r17                           INTEGER (0..tbdA-r17),
    stopTime-r17                            INTEGER (0..tbdA-r17),
    ...
}

GapUL-FR2-r17 ::=       SEQUENCE {
    gapOffset-r17                           INTEGER (0..tbdB-r17),
    mgl-r17                                 ENUMERATED {tbd1, tbd2, tbd3, tbd4},
    mgrp-r17                                ENUMERATED {tbd1, tbd2, tbd3, tbd4},
    ...
}


GapNCSG-r17 ::=       SEQUENCE {
    gapOffset-r17                           INTEGER (0..tbd-r17),
    mgl-r17                                 ENUMERATED {tbd1, tbd2, tbd3, tbd4},
    mgrp-r17                                ENUMERATED {tbd1, tbd2, tbd3, tbd4},
    ...
}

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
    ]]
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

	MeasGapConfig field descriptions

	gapFR1
Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2
Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapUE
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In (NG)EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE measurement gap). In NE-DC, gapUE can only be set up by NR RRC (i.e. LTE RRC cannot configure per UE gap). In NR-DC, gapUE can only be set up in the measConfig associated with MCG. If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. The applicability of the per UE measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapOffset
Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range is from 0 to mgrp-1.

	mgl
Value mgl is the measurement gap length in ms of the measurement gap. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on. If mgl-r16 is present, UE shall ignore the mgl (without suffix).

	mgrp
Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The measurement gap repetition period is according to Table 9.1.2-1 in TS 38.133 [14].

	mgta
Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to clause 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25 ms and ms0dot5 corresponds to 0.5 ms. For FR2, the network only configures 0 ms and 0.25 ms. 

	refFR2ServCellAsyncCA
Indicates the FR2 serving cell identifier whose SFN and subframe is used for FR2 gap calculation for this gap pattern with asynchronous CA involving FR2 carrier(s).

	refServCellIndicator
Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.



	Conditional Presence
	Explanation

	AsyncCA
	This field is mandatory present when configuring FR2 gap pattern to UE in:
- (NG)EN-DC or NR SA with asynchronous CA involving FR2 carrier(s);
- NE-DC or NR-DC with asynchronous CA involving FR2 carrier(s), if the field refServCellIndicator is set to mcg-FR2.
In case the gap pattern to UE in NE-DC and NR-DC is already configured and the serving cell used for the gap calculation corresponds to a serving cell on FR2 frequency in MCG, then the field is optionally present, need M. Otherwise, it is absent, Need R.

	NEDCorNRDC
	This field is mandatory present when configuring gap pattern to UE in NE-DC or NR-DC. In case the gap pattern to UE in NE-DC and NR-DC is already configured, then the field is absent, need M. Otherwise, it is absent.

	PRS
	This field is optionally present, Need R, when configuring gap pattern to UE for measurements of DL-PRS configured via LPP (TS 37.355 [49]). Otherwise, it is absent.
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