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1 Introduction
The number of gap patterns is increased in EN-DC and NR. There are total 24 measurement gap patterns (GP). Regarding to measurement gap pattern capability, RAN2 has the following agreement in RAN2#102 meeting.

Agreements
1	Introduce in NR and LTE RRC per UE capabilities to for each of the gap patterns apart from 0 and 1.


RRC SPEC has defined capability bits for each gap patterns. However, it seems that RAN4 has different understanding on which measurement gap patterns are mandatory and how optional gap patterns are signalled. The paper discuss the inconsistence between RAN2 and RAN4 specifications. 

2 Discussion
2.1 NR SA
Current 38.331 [1] define a bitmask of gap pattern 2 to gap pattern 23 in UE measurement capability.

MeasAndMobParametersCommon ::=          SEQUENCE {
    supportedGapPattern                 BIT STRING (SIZE (22))          OPTIONAL,
    ssb-RLM                             ENUMERATED {supported}          OPTIONAL,
    ssb-AndCSI-RS-RLM                   ENUMERATED {supported}          OPTIONAL,
    ...,
    [[
    eventB-MeasAndReport        ENUMERATED {supported}      OPTIONAL,
    handoverFDD-TDD             ENUMERATED {supported}      OPTIONAL,
    eutra-CGI-Reporting         ENUMERATED {supported}      OPTIONAL,
    nr-CGI-Reporting            ENUMERATED {supported}      OPTIONAL
    ]],
    [[
    independentGapConfig        ENUMERATED {supported}                  OPTIONAL,
    periodicEUTRA-MeasAndReport ENUMERATED {supported}                  OPTIONAL,
    handoverFR1-FR2             ENUMERATED {supported}                  OPTIONAL,
    maxNumberCSI-RS-RRM-RS-SINR ENUMERATED {n4, n8, n16, n32, n64, n96} OPTIONAL
    ]]
}

And in 38.306 [2], it specifies that gap pattern 2 to pattern 23 are optional supported by the UE. 

	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	supportedGapPattern
Indicates measurement gap pattern(s) optionally supported by the UE. The leading / leftmost bit (bit 0) corresponds to the gap pattern 2, the next bit corresponds to the gap pattern 3, as specified in TS 38.133 [5] and so on.
	UE
	No
	No
	No



RAN2 generally understand that gap pattern 0 and 1 are mandatory while all the others are optional with capability.  However, whether a measurement gap is mandatory or optional depending on the measurement purpose according to 38.133 Table 9.1.2-3 [3] (See Annex A). Take per-UE gap for example, the gap pattern #2, 3, 6, 7, 8, 10 are optional while measurement purpose including E-UTRA. The gap pattern #0 to #11 seems mandatory while the measurement purpose is NR only.

	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	Per-UE measurement gap
	FR1, or
FR1 + FR2

	E-UTRA onlyNOTE3
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11

	
	
	E-UTRAN and FR1 and/or FR2 NOTE3
	0, 1, 2, 3, 4, 6, 7, 8,10

	NOTE 3:	The measurement gap pattern #2, 3, 6, 7, 8, 10 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.




It is unclear that whether network could still configure gap pattern #2 to #11 for NR only measurement while the corresponding bits set to “Not support” in supportedGapPattern. Some correction in RAN2 or RAN4 SPEC to align the capability concept is required.

Proposal 1: RAN2 to discuss how to align RAN2/RAN4 specifications on capability of measurement gap patterns.

2.2 EN-DC
The LTE RRC define capability bit for gap patterns 4 to 11.  
MeasParameters-v1520 ::=			SEQUENCE {
	measGapPatterns-v1520					BIT STRING (SIZE (8))		OPTIONAL
}

However, the capability measGapPatterns filed is not used in RAN4 SPEC. Instead, the R14 capability shortMeasurementGap is used also for the new added gap patterns. And again, whether the gap pattern is mandatory or optional support depending on the measurement purpose. See Annex B and the following table from 38.133 Table 9.1.2-2.
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id

	Per-UE measurement gap
	E-UTRA + FR1, or
E-UTRA + FR2, or
E-UTRA + FR1 + FR2

	non-NR RAT Note1,2 
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11

	
	
	non-NR RATNote1,2 and FR1 and/or FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
Note: if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitered, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 1:	Non-NR RAT includes E-UTRA, UTRA and/or GSM.
NOTE 2:	The gap patterns with short MGL (gap pattern #2, 3, 6, 7, 8, 10)  are supported by UEs which support shortMeasurementGap-r14.




According to 36.306, the shortMeasurementGap is only used for gp2 and gp3, but it seems that RAN4 has extended the use of shortMeasurementGap to other gap patterns.
[bookmark: _Toc535259198]4.3.6.26	shortMeasurementGap-r14
This field defines whether the UE supports shorter measurement gap length (i.e. gp2 and gp3) as specified in TS 36.133 [16].

We think that the usage of shortMeasurementGap should be clarified. Whether it means support of gp2 and gp3 only or it could apply to more gap patterns as defined in RAN4 SPEC.

Proposal 2: RAN2 to discuss whether the capability shortMeasurementGap apply to
· Option 1 - gap pattern 2 and 3 only
· Option 2 - gap patterns that defined in 36.133 or 38.133 while applicable

If RAN2 consensus is option 1, we have to send an LS to RAN4 for further confirm. If RAN2 consensus is option 2, we have discuss whether the measGapPatterns in 36.331 is still needed.
2.3 Proposed way forward 
Based on RAN2 specifications, we summary our understanding in proposal 3. We propose to confirm this in RAN2 and send LS to RAN4 to see if 38.133 or 36.133 need to be updated.

Proposal 3: RAN2 confirm the following design for gap pattern capabilities
· Gap patterns 0 and 1 are mandatory for all cases.
· In LTE SA
· LTE RRC signalling shortMeasurementGap is used to signal whether UE supports gap patterns 2 or 3.
· LTE RRC signalling measGapPatterns (8 bits) is used to signal whether UE supports gap patterns 4 to 11.
· In EN-DC
· LTE RRC signalling shortMeasurementGap and measGapPatterns are used to signal whether UE supports gap patterns 2 to 11 (for per-UE cap and FR1 gap of per-FR gap)
· NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap patterns 2 to 23 (FR2 gap of per-FR gap)
· In NR SA
· [bookmark: _GoBack]NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap patterns 2 to 23.
· If the UE supports an optional gap pattern (#2 to #23), it supports use it for LTE or NR measurement as long as this is applicable according to RAN4 specifications. 

We provide a draft LS to RAN4 in [4].

Proposal 4: Send LS to inform RAN4 about RAN2’s conclusion on gap pattern capabilities. 

3 Conclusions	
Base on the discussion in section 2, we propose the following: 

Proposal 1: RAN2 to discuss how to align RAN2/RAN4 specifications on capability of measurement gap patterns.

Proposal 2: RAN2 to discuss whether the capability shortMeasurementGap apply to
· Option 1 - gap pattern 2 and 3 only
· Option 2 - gap patterns that defined in 36.133 or 38.133 while applicable

Proposal 3: RAN2 confirm the following design for gap pattern capabilities
· Gap patterns 0 and 1 are mandatory for all cases.
· In LTE SA
· LTE RRC signalling shortMeasurementGap is used to signal whether UE supports gap patterns 2 or 3.
· LTE RRC signalling measGapPatterns (8 bits) is used to signal whether UE supports gap patterns 4 to 11.
· In EN-DC
· LTE RRC signalling shortMeasurementGap and measGapPatterns are used to signal whether UE supports gap patterns 2 to 11 (for per-UE cap and FR1 gap of per-FR gap)
· NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap patterns 2 to 23 (for FR2 gap of per-FR gap)
· In NR SA
· NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap pattern 2 to 23.
· If the UE supports an optional gap pattern (#2 to #23), it supports using the gap pattern for LTE or NR measurement as long as this is applicable according to RAN4 specifications. 

Proposal 4: Send LS to inform RAN4 about RAN2’s conclusion on gap pattern capabilities. 
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Annex A: Gap patterns for NR SA in 38.133

Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone operation
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	Per-UE measurement gap
	FR1, or
FR1 + FR2

	E-UTRA onlyNOTE3
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11

	
	
	E-UTRAN and FR1 and/or FR2 NOTE3
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2
	E-UTRA only NOTE3
	0,1,2,3

	
	
	FR1 only
	0-11

	
	
	FR1 and FR2 
	0-11

	
	
	E-UTRAN and FR1 and/or FR2 NOTE3
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	
	FR2 only
	12-23

	Per FR measurement gap
	FR1 if configured
	E-UTRA only NOTE3
	0,1,2,3

	
	FR2 if configured
	
	No gap 

	
	FR1 if configured
	FR1 only 
	0-11

	
	FR2 if configured
	
	No gap

	
	FR1 if configured
	FR2 only
	No gap

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	E-UTRA and FR1 NOTE3 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	No gap

	
	FR1 if configured
	FR1 and FR2
	0-11

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	E-UTRA and FR2 NOTE3
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	E-UTRA and FR1 and FR2 NOTE3
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	NOTE 1:	When E-UTRA inter-RAT RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE 2:	Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-UTRA RSRP and RSRQ measurements for E-CID
NOTE 3:	The measurement gap pattern #2, 3, 6, 7, 8, 10 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.
NOTE4:	If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among all serving cells subframes.
	If per-FR measurenet gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1.
	If per-FR measurenet gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.
	TMG is the MG timing advance value provided in mgta according to [2].
	In determining the measurement gap starting point, UE shall use the DL timing of the latest subframe occurring immediately before the configured measurement gap among serving cells.







Annex B: Gap patterns for EN-DC in 38.133

Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id

	Per-UE measurement gap
	E-UTRA + FR1, or
E-UTRA + FR2, or
E-UTRA + FR1 + FR2

	non-NR RAT Note1,2 
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11

	
	
	non-NR RATNote1,2 and FR1 and/or FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	Per FR measurement gap
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2
	0,1,2,3


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
Note: if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitered, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 1:	Non-NR RAT includes E-UTRA, UTRA and/or GSM.
NOTE 2:	The gap patterns with short MGL (gap pattern #2, 3, 6, 7, 8, 10)  are supported by UEs which support shortMeasurementGap-r14.
NOTE 3:	When E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE4: 	If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.
	If per-FR measurenet gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured measurement gap among MCG serving cells subframes.
	If per-FR measurenet gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest NR subframe occurring immediately before the configured measurement gap among SCG serving cells subframes in FR2.
	TMG is the MG timing advance value provided in mgta according to [2].
	In determining the measurement gap starting point, UE shall use the DL timing of the latest E-UTRA or NR subframe occurring immediately before the configured measurement gap among E-UTRA or NR serving cells.





Annex C: Gap patterns for LTE SA and EN-DC in 36.133
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period
(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x, inter-RAT NR

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x, inter-RAT NR

	2
	3
	40
	24NOTE 1,2
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference as specified below.
inter-RAT NR

	3
	3
	80
	12NOTE 1,2
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according as specified below.
inter-RAT NR

	[4]
	[6]
	[20]
	120 Note 1, 3, 6
	[bookmark: OLE_LINK22]inter-RAT NR, Inter-Frequency E-UTRAN FDD and TDD

	[6]
	[4]
	[20]
	72 Note 1, 3, 5, 7
	inter-RAT NR, Inter-Frequency E-UTRAN FDD and TDD

	[7]
	4
	40
	36 Note 1, 3, 5, 8
	inter-RAT NR, Inter-Frequency E-UTRAN FDD and TDD

	[8]
	4
	80
	18Note 1, 3, 5, 9
	inter-RAT NR, Inter-Frequency E-UTRAN FDD and TDD

	[10]
	3
	20
	48 Note 1, 3, 5
	inter-RAT NR, Inter-Frequency E-UTRAN FDD and TDD

	[12]
	[5.5]
	[20]
	Note 3, 4
	inter-RAT NR

	[13]
	[5.5]
	40
	Note 3, 4
	inter-RAT NR

	[14]
	[5.5]
	80
	Note 3, 4
	inter-RAT NR

	[15]
	[5.5]
	160
	Note 3, 4
	inter-RAT NR

	[16]
	[3.5]
	20
	Note 3, 4
	inter-RAT NR

	[17]
	[3.5]
	40
	Note 3, 4
	inter-RAT NR

	[18]
	[3.5]
	80
	Note 3, 4
	inter-RAT NR

	[19]
	[3.5]
	160
	Note 3, 4
	inter-RAT NR

	[20]
	[1.5]
	20
	Note 3, 4
	inter-RAT NR

	[21]
	[1.5]
	40
	Note 3, 4
	inter-RAT NR

	[22]
	[1.5]
	80
	Note 3, 4
	inter-RAT NR

	[23]
	[1.5]
	[160]
	Note 3, 4
	inter-RAT NR

	NOTE 1:	When determing UE requirements using Tinter1 for GP2, 3, 4, 6, 7, 8, 10, Tinter1 = [60] for GP2, GP4, GP6, GP7, GP10 and Tinter1 = [30] for GP3 and GP8 shall be used.
NOTE 2:	This gap pattern can be configured for E-UTRA measurement when UEs support shortMeasurementGap-r14 or can be configured for inter-RAT NR measurement only.
NOTE 3:	Editor’s note:NR measurement requirement may not be scaled by Tinter
[bookmark: OLE_LINK16]NOTE 4:	This gap pattern is applicable when per FR measurement gap is configured and one of ther serving cells in on FR2 and one of the to-be-measured cells is on FR2.
NOTE 5:	This gap pattern is supported by UEs which are configured to perform both E-UTRA inter-frequency measurement and inter-RAT NR measurement when UEs support shortMeasurementGap-r14 or supported by UEs configured to perform inter-RAT NR measurement only.
NOTE 6:	This gap pattern is supported by UEs which are configured to perform both E-UTRA inter-frequency measurement and inter-RAT NR measurement or supported by UEs configured to perform inter-RAT NR measurement only.



