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1 Introduction
In RAN4#98e meeting, the item on multiple concurrent and independent MG patterns was initially discussed and some issues are identified and captured in the approved WF [1]. In this paper, we have some discussions on the remaining issues and give our proposals. 
2 Discussion
2.1 Definition of concurrent and independent MG
	· Concurrent MG definition
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Concurrent MGs are multiple MGs that are configured for measurements during a common period of time
· Exact definition of common period of time is FFS
· UE behavior for non-overlapping, partially or fully overlapped cases is irrelevant to the definition and will be discussed separately.
· Note 1: current definition does not address pre-configured MG patterns and NCSG. FFS how to address pre-configured MG patterns and NCSG. 
· FFS definition of independent MG
· Option 1: (configuration perspective) gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. 
· Option 2: (UE behavior perspective) gaps are considered as independent gaps if they can operate simultaneously without impacting the measurement performance requirements.
· Other option is not precluded
· FFS whether to merge the definition of independent gap and concurrent gap.


It was agreed that concurrent MGs are multiple MGs that are configured for measurements during a common period of time. In our understanding, there are the following two possible scenarios for multiple gap pattern configuring and the common period is the time when multiple gap patterns are existing in the system simultaneously i.e. from the time that the second gap pattern is configured to the time that the penultimate gap pattern is released. 
· Scenario 1: Multiple gap patterns are configured by a single signaling.
· Scenario 2: Multiple gap patterns are configured by different signaling. (i.e. a new gap is configured by NW when there is already a gap existing)
Proposal 1: The common period is the time when multiple gap patterns are existing in the system simultaneously i.e. from the time that the second gap pattern is configured to the start time when only one gap pattern is existing. 
For the definition of independent MG, in our understanding, as long as the NW configures another MG to UE, it can be regarded as independent no matter it is configured simultaneously or separately. 
In the current specification, the gap is configured by the RRC signaling as below. For scenario 1, the multiple MGs are configured simultaneously, then no matter which parameter (type, MGL, MGRP, offset etc.) in the following IE is different, the MG is independent. For scenario 2, the multiple MGs are configured separately i.e. the second or third gap is configured according to the specific request when there is already gap existing in the system. In this scenario, since the multiple MGs are configured in different time, they can be always regarded as independent. 
So our understanding is that we do not need to have the definition of independent MG. The concurrently configured MG can be always regarded as independent. Instead, we just need to differentiate the overlapping and non-overlapping case and discuss whether the overlapping cases are allowed. 
Proposal 2: There is no need to define concurrent and independent separately. Concurrent means independent. 
	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
    ]]
}



2.2 Relation to per-UE gap and per-FR gap
	· RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
· Option 1: All concurrent MGs are of the same type (per UE MG or per FR MG).
· Option 2: The parallel MG patterns can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
· Option 3:
· For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
· For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR
· Other option is not precluded


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In current specification, the UE can be configured with per-FR gap or per-UE gap according to the UE capability. For the UE supporting per-UE gap only, it is nature that the concurrent MG can only be per-UE gap. For the UE supporting per-UE gap, whether the concurrent gap can be per-FR or per-UE should be decided by NW. But in our understanding, when per-FR gap is supported and configured, it is not necessary to configure a per-UE gap. 
From the current higher layer specification below, it can be seen the per-FR gap (FR1 gap or FR2 gap) cannot be configured with per-UE gap simultaneously. Since the multiple gaps are still selected from the legacy gap pattern, we propose to follow the existing configuration principle i.e. all concurrent gaps are of the same type (per-UE or per-FR). 
Proposal 3: All concurrent MGs are of the same type (per UE MG or per FR MG). 
	Description of gap configuration in 38.133: 
	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].






2.3 Max number of concurrent and independent MG patterns
	· RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.


The number of multiple MG patterns should be constrained to limit the NW overhead and the impact on the communication link. In our opinion, for gap pattern #0 to pattern #23 defined in table 9.1.2-1 in TS 38.133, three patterns are enough. 
In Rel-16, two new gap patterns #24 and #25 are introduced for positioning measurement which can be also used for NR and LTE measurement. For this two new gap patterns, the gap length is much longer than the legacy patterns which can be 10ms and 20ms. This has already obviously impacted the data throughput. So when one of this two gap patterns is used, at most 2 concurrent gap patterns are suggested. 
Proposal 4: When all the concurrent MGs are selected from gap pattern #0 to pattern #23 defined in table 9.1.2-1 in TS 38.133, at most three concurrent gap patterns can be configured. When one of gap #24 and #25 is used, at most 2 concurrent gap patterns can be configured. 
2.4 Overlapping
	· RAN4 to work on at least non-overlapping concurrent gap as a start point. 
· FFS whether to work on partially and fully-overlapped cases.


Firstly it was agreed we should work on at least the non-overlapping concurrent gap. For the overlapping case
There are the following possible overlapping cases for the concurrent MG shown in figure 1: 
· Case 1: All the gap occasions are fully overlapped
· Case 2: All the gap occasions are partially overlapped
· Case 3: Part of gap occasions are fully overlapped
· Case 4: Part of gap occasions are partially overlapped


For case 1, the multiple gaps have the same periodicity and offset, and the MG2 is fully covered by MG1. In this case, even though two gap patterns are configured, it is actually equivalent to one gap pattern, and UE can still only perform one layer measurement in the overlapped gap occasion. It means UE still need to share the gap for the multiple layers and different measurement which is the same as the current R16 specification. Nothing is improved in this situation. So we propose not to work on this case. 
For case 2, the multiple gaps have the same periodicity and different offset and each occasion of MG1 and MG2 are partially overlapped. It is similar with the case 1, and the difference is the interruption time for each gap occasion is longer. It is more possibly than case 1 to handle different types and different layers measurement in the prolonged gap duration. It is relied on the UE implementation and it is hard to ensure the ratio and location of partially overlapping. So we propose not to work on this case either. 
For case 3 and case 4, the multiple gap patterns have different periodicity, and only part of gap occasions are overlapped fully or partially. In this case, UE can perform one measurement in MG2 and perform another measurement in the non-overlapped MG1. Or we can consider other priority rules for the overlapped occasion. So case 3 can redefine the gap sharing criteria and reduce the measurement delay and case 4 can resolve the issue when there is offset between different reference resources which results in that they cannot covered by one gap duration. So we propose to work on case 3 and case 4. 
Proposal 5: RAN to work on at least non-overlapping case. For overlapping case, only the cases when the concurrent gaps have different periodicity are considered. The gap offset can be same or different. 
2.6 Overhead
	· Overhead for configuring multiple concurrent MG patterns.
· Option 1: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition 
· Option 2: Depends on NW configuration
· Other option is not precluded


When multiple gap patterns are configured, it is possible to increase the overhead of MG and interruption time.  So we are working on the maximum number of concurrent gap patterns to limit the overhead and the impact on the data communication. But for the exact overhead of concurrent MG, it can depend on the NW configuration in our understanding. NW will decide whether and how to configure concurrent gap according to the measurement request and system throughput. 
Proposal 6: The overhead for configuring multiple concurrent MG patterns depends on the NW configuration (Option 2). 
2.7 Measurement requirements
	· CSSF
· RAN4 to discuss how to define CSSF for concurrent gaps.
· Other requirements
· FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG. 
· Other requirements can be further discussed in future meetings


Before defining the measurement requirements for concurrent gaps, some assumptions should be discussed and decided first. In our understanding, the measurement requirements should be based on the assumptions in proposal 9. 
Proposal 7: The requirements are defined based on the following assumption: 
· Only one frequency layer can be measured in a single gap instance. 
· Only one type of RSs can be performed in a single gap instance. 
· One RS configuration can only be measured in one MG pattern.  
To define the CSSF for concurrent gaps, we need to decide on the scenarios (overlapping or non-overlapping) and corresponding UE behavior firstly. At the current stage, we can define the CSSF for the non-overlapping case. In this case, the CSSF definition can reuse the approach in R16 for each gap pattern. 
Proposal 8: The CSSF for concurrent gaps in non-overlapping case can reuse the definition in R16. And only the measurement object that will be measured using this gap pattern will be considered. 
2.8 Network configuration 
	· RAN4 to discuss whether to trigger LS to get RAN2 feedback for network configuration under DC mode.


In current RAN2 specification, the measurement gap is configured as below: 
	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].





From the signaling description, it can be seen the gap configuration in DC mode has been clearly defined. Since the multiple concurrent gaps are still selected from the current gap patterns, the current signalling indication specified as above should be followed. So there is no need to trigger LS to RAN2 in this stage. 
Also in our understanding, RAN4 should focus on the concurrent gaps design first and trigger LS to RAN2 to provide the conclusions on the possible scheme (such as number and type of concurrent gaps) and request the signalling design. But there is no feedback is needed since the signalling is defined in RAN2 and will not impact the requirements. 
Proposal 9: There is no need to trigger LS to RAN2 in this stage. RAN4 should focus on the concurrent gaps design and trigger LS to RAN2 after having conclusions. 
2.9 Applicability
	· The measurement purposes of concurrent gaps include:
· Different SMTC configurations
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs 
· FFS whether to extend to NCSG or pre-configured MG in the 2nd phase of the WI 
· Other purposes not precluded
· RAN4 to ensure both UE and NW have the same understanding on the usage of each measurement gap. 
· RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s).


It was agreed that the multiple concurrent gap patterns can be used for different SMTC configurations, different RSs and different RATs. 
In our understanding, multiple concurrent gap patterns can also be used for the case when the SMTC from different cells cannot be covered by one gap occasion due to the asynchronization. For asynchronous cells, even the SMTC configurations are the same, they may be not covered by one gap. In this case, some neighbour cells cannot be detected or measured by UE which can significantly influence the mobility performance. This issue can also be resolved when multiple concurrent gap patterns is introduced. So this is also an applicable case. 
Proposal 10: Multiple concurrent gap patterns can also be used for the case when the SMTC from different cells cannot be covered by one gap occasion due to the asynchronization. 
3 Summary
In this paper, we have some discussions on the multiple concurrent and independent gap patterns and the following observations and proposals are given：
Proposal 1: The common period is the time when multiple gap patterns are existing in the system simultaneously i.e. from the time that the second gap pattern is configured to the start time when only one gap pattern is existing. 
Proposal 2: There is no need to define concurrent and independent separately. Concurrent means independent. 
Proposal 3: All concurrent MGs are of the same type (per UE MG or per FR MG). 
Proposal 4: When all the concurrent MGs are selected from gap pattern #0 to pattern #23 defined in table 9.1.2-1 in TS 38.133, at most three concurrent gap patterns can be configured. When one of gap #24 and #25 is used, at most 2 concurrent gap patterns can be configured. 
Proposal 5: RAN to work on at least non-overlapping case. For overlapping case, only the cases when the concurrent gaps have different periodicity are considered. The gap offset can be same or different. 
Proposal 6: The overhead for configuring multiple concurrent MG patterns depends on the NW configuration (Option 2). 
Proposal 7: The requirements are defined based on the following assumption: 
· Only one frequency layer can be measured in a single gap instance. 
· Only one type of RSs can be performed in a single gap instance. 
· One RS configuration can only be measured in one MG pattern.  
Proposal 8: The CSSF for concurrent gaps in non-overlapping case can reuse the definition in R16. And only the measurement object that will be measured using this gap pattern will be considered. 
Proposal 9: There is no need to trigger LS to RAN2 in this stage. RAN4 should focus on the concurrent gaps design and trigger LS to RAN2 after having conclusions. 
Proposal 10: Multiple concurrent gap patterns can also be used for the case when the SMTC from different cells cannot be covered by one gap occasion due to the asynchronization. 
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