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1. Introduction
In RAN2 #105 meeting, one LS[1] was approved to send to RAN4, and RAN4 had some discussion in last RAN4 #90bis meeting. Some agreements were made to facilitate the discussion, which are duplicated as below,
	Agreement: 
· In the next meeting, RAN4 decides which gap pattern(s) is mandated for cases of FR2 measurements, i.e., FR2 as PCell and EN-DC with per-FR measurement and FR2 MO configured.
Agreement: 
· For SA case, if UE indicates support for any pattern 0-11 with MGL<6ms and MGRP<160ms, it means the UE can do both NR and NR+LTE measurement
· FFS for EN-DC
· FFS for LTE standalone with EN-DC capable UE
· Other issues not precluded



In this contribution, we further discuss whether RAN2 agreement is aligned with RAN4 spec and whether RAN4 need to revise TS38.133/36.133 to align with the RAN2 agreement.
2. Discussion
According to the online and offline discussion in last RAN4 meeting, we think there are three remaining issues needed to be addressed in this RAN4 meeting,
(1) Mandatory MG patterns
(2) MG capability reports from LTE and NR RATs
(3) UE measurement capability from the MG table
We discuss these above issues one by one in the following contexts. 
2.1.  Mandatory MG patterns
RAN2 captured mandatory MG patterns in their LS as: Gap patterns 0 and 1 are mandatory for all cases. However, in RAN4 TS36.133 and TS38.133, we have clear definition that for gap based RSTD measurements only MG pattern #0 can be used/mandatory. We think gap patterns 0 and 1 are mandatory for all cases except MG based RSTD measurements.
For LTE SA case, UE has no FR2 serving cell and it’s straightforward to mandate MG pattern 0 and 1. 
For EN-DC and NE-DC cases, when per-FR MG capable UE has a FR2 serving cell and is configured with a FR2 MO, the current applicability table only captured MG pattern 12-23 for this UE, duplicated as below,
Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE or NR-E-UTRA 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



There might be two options to specify the mandatory MG patterns for this case: 
Option 1: follow the RAN2 assumption and add MG pattern 0&1 for this case
Option 2: define new mandatory MG patterns for this case, e.g. MG with 40ms/80ms MGRP & 5.5ms MGL.
Option 1 is a much simpler way to define the MG applicability and it does not cause additional work to RAN2, however, RAN4 needs some revision work on the current MG applicability table. Option 2 needs some potential RAN2 work to clarify the mandatory MG in different cases but the benefit is the new mandatory MG can have shorter MGL which is according to the RF tuning/retuning time in FR2 case. In our understanding, we slightly prefer to use option 1.
Proposal 1: For EN-DC and NE-DC cases, when per-FR MG capable UE has a FR2 serving cell and is configured with a FR2 MO, add mandatory MG pattern 0 and 1 into the applicability table. 
For NR SA, NR CA and NR-DC cases, we also have MG pattern 12-23 applied in the current table, without any definition of mandatory MG; e.g. per-UE MG capable UE has FR2 serving cell only and is configured with FR2 MO only; or per-FR MG capable UE has FR2 serving cell and is configured with FR2 MO.
Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone operation (with single carrier, NR CA and NR-DC configuration)
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	Per-UE measurement gap
	FR1 NOTE5, 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 NOTE5
	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



In this case, we would like to use the same logic as for EN-DC/NE-DC cases, which means we prefer to mandate MG pattern 0&1 throughout the whole applicability table and we propose to add MG pattern 0&1 for the lines that only have 12-23.
Proposal 2: For NR SA, NR CA and NR-DC cases, when per-UE MG capable UE has FR2 serving cell only and is configured with FR2 MO only or per-FR MG capable UE has a FR2 serving cell and is configured with a FR2 MO, add mandatory MG pattern 0 and 1 into the applicability table. 
In brief, following RAN2 agreement, we clarify in RAN4 that MG pattern 0 and 1 for all the MG use cases except RSTD measurement.
Proposal 3: MG pattern 0 and 1 are mandatory for all the MG use cases except MG based RSTD measurement. In MG based RSTD measurement only MG pattern 0 is mandatory.
2.2  MG capability reports from LTE and NR RATs
In last RAN4 meeting, some companies also mentioned one issue that is relevant with the UE capability reporting. In RAN2 agreements, 
	· In EN-DC
· LTE RRC signalling shortMeasurementGap is used to signal whether UE supports gap patterns 2 and 3 (for per-UE cap and FR1 gap of per-FR gap).
· LTE RRC signalling measGapPatterns is used to signal whether UE supports gap patterns 4 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).


Per-FR MG capable UE may report shortMeasurementGap + measGapPatterns for FR1 MG via LTE RRC and at meantime it may also report supportedGapPattern for FR2 MG via NR RRC; however, there are 22bits in supportedGapPattern which may have some overlapped UE capability information with RRC signalling via LTE RAT. It doesn’t make any sense if UE report different capability of MG via LTE and NR RRC signalling. Thus, we may have two options on the table for both EN-DC, 
Option 1: dummy the bit 2~11 in the supportedGapPattern for per-FR capable UE and network will only reply on the indication on shortMeasurementGap + measGapPatterns via LTE RRC singaling.
Option 2: mandate UE to report same MG capability information between “shortMeasurementGap + measGapPatterns” and “bit 2~11 of supportedGapPattern”.
Option 1 and 2 serves the same purpose and we don’t see any big difference between them. In order to avoid impact on Ran2 spec, we slightly prefer option 2.
Proposal 4: In EN-DC, mandate UE to report same MG capability information between “shortMeasurementGap + measGapPatterns” via LTE RRC and “bit 2~11 of supportedGapPattern” via NR RRC
2.3  UE measurement capability from the MG table
In NR SA case, if UE indicates support for any pattern 0-11 with MGL<6ms and MGRP<160ms, it means the UE can do both NR and NR+LTE measurement, and it can also be found in the applicability table 9.1.2-3, based on its capability UE can use MG pattern 0, 1, 2, 3, 4, 6, 7, 8, 10 (MGL<6ms and MGRP<160ms) to do LTE+NR measurement; it can also use those MG patterns to do NR measurement since in the table 9.1.2-3 MG pattern 0-11 can be used for NR measurement for per-UE MG capable UE and NR FR1 measurement for per-FR MG capable UE. For per-UE MG capable UE those patterns (any pattern 0-11 with MGL<6ms and MGRP<160ms) can be used for LTE+NR measurement and NR measurement except when both serving cell and MO are in FR2 only; while for per-FR MG capable UE those patterns (any pattern 0-11 with MGL<6ms and MGRP<160ms) can be used for LTE + NR FR1 measurement and NR FR1 only measurement with FR1 serving cell. In our understanding, this is apparent in the current MG applicability table and we don’t understand why RAN4 needs to specify it in somewhere else.
In EN-DC and NE-DC, it’s also straightforward in the table 9.1.2-2; if UE can support any MG patterns in pattern 0, 1, 2, 3, 4, 6, 7, 8, 10, it can do LTE+NR measurement and NR measurement by using those supported MG patterns. And MG patterns 0, 1, 2, 3, 4, 6, 7, 8, 10 means MGL<6ms and MGRP<160ms. For per-UE MG capable UE those patterns (any pattern 0-11 with MGL<6ms and MGRP<160ms) can be used for LTE+NR measurement and NR measurement; while for per-FR MG capable UE those patterns (any pattern 0-11 with MGL<6ms and MGRP<160ms) can be used for LTE + NR FR1 measurement and NR FR1 only measurement.
In LTE SA case, in the table 8.1.2.1-1 in TS36.133, for per-UE MG capable UE those patterns (any pattern 0-11 with MGL<6ms and MGRP<160ms) can be used for LTE+NR measurement and NR measurement while for per-FR MG capable UE those patterns (any pattern 0-11 with MGL<6ms and MGRP<160ms) can be used for LTE + NR FR1 measurement and NR FR1 only measurement.
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
	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



To summarize the MG use cases, we propose the following table,
Proposal 5: The use case for MG pattern with MGL<6ms and MGRP<160ms shall be based on following table, and RAN4 doesn’t need to specify anything in the current MG applicability table.
	Mode
	MG pattern
	Use cases (MOs)

	EN-DC and NE-DC
	Any pattern 0-11 with MGL<6ms and MGRP<160ms; i.e., 
Any pattern in patterns {0, 1, 2, 3, 4, 6, 7, 8, 10}
	For per-UE MG capable UE those patterns can be used for LTE+NR measurement and NR measurement. For per-FR MG capable UE those patterns can be used for LTE + NR FR1 measurement and NR FR1 only measurement

	NR SA, NR CA and NR-DC
	
	For per-UE MG capable UE those patterns can be used for LTE+NR measurement and NR measurement except when both serving cell and MO are in FR2 only.
For per-FR MG capable UE those patterns can be used for LTE + NR FR1 measurement and NR FR1 only measurement with FR1 serving cell.

	LTE SA
	
	For per-UE MG capable UE those patterns can be used for LTE+NR measurement and NR measurement. For per-FR MG capable UE those patterns can be used for LTE + NR FR1 measurement and NR FR1 only measurement.



2.4  UE MG capability by using LTE RRC shortMeasurementGap-r14 + measGapPatterns
In LTE SA and EN-DC, there is two LTE RRC signalling used in RAN2 to indicate UE capability of measurement gap patterns: shortMeasurementGap and measGapPatterns. However, in the current TS38.133, the clarification is:
NOTE 2:	In E-UTRA-NR dual connectivity mode, the gap patterns with short MGL (gap pattern #2, 3, 6, 7, 8, 10)  are supported by UEs which support shortMeasurementGap-r14.
According to RAN2 LS, shortMeasurementGap is only used to signal whether UE supports gap patterns 2 and 3, but UE still needs measGapPatterns to indicate the supporting of pattern #6, 7, 8, 10. Since in RAN4 people understand that as long as UE can report shortMeasurementGap-r14=true to network, it means UE can support all the MG patterns with short MGL=3ms/4ms except the patterns with MGRP=160ms. We are fine to follow RAN2 agreement to use this extra signalling of measGapPatterns which as difined in TS36.331:
measGapPatterns
Indicates whether the UE that supports NR supports gap patterns 4 to 11. The first/ leftmost bit covers pattern 4, and so on. Value 1 indicates that the UE supports the concerned gap pattern. See TS 36.133 [16].
So based on the discussion above, the RAN4 spec TS38.133/TS36.133 shall be revised accordingly, as below,
TS38.133:
Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE or NR-E-UTRA dual connectivity UE
	Note: In E-UTRA-NR dual connectivity mode, 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:	In E-UTRA-NR dual connectivity mode, non-NR RAT includes E-UTRA, UTRA and/or GSM. In NR-E-UTRA dual connectivity mode, non-NR RAT means E-UTRA.
NOTE 2:	In E-UTRA-NR dual connectivity mode, the gap patterns with short MGL (gap pattern #2, 3, 6, 7, 8, 10)  are supported by UEs which support shortMeasurementGap-r14 and indicate the capability signalling of measGapPatterns to network. In NR-E-UTRA dual connectivity mode, the measurement gap pattern #2, 3, 6, 7, 8, 10 are supported by the UEs which indicate the capability signalling of supportedGapPattern to network.
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.



TS36.133:
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE
	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:	This gap pattern can be used only for measurement of NR carriers, and Tinter is not applicable.
NOTE 4:	Void
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 indicate the capability in signalling measGapPatterns to network 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.
NOTE 7: 	When this gap pattern is used, the Tinter for E-UTRA interfrequency measurements is 48ms corresponding to the first 3ms of the 4ms gap
NOTE 8: 	When this gap pattern is used, the Tinter for E-UTRA interfrequency measurements is 24ms corresponding to the first 3ms of the 4ms gap
NOTE 9: 	When this gap pattern is used, the Tinter for E-UTRA interfrequency measurements is 12ms corresponding to the first 3ms of the 4ms gap



Proposal 6: revise TS38.133 and TS36.133 MG applicability tables to capture the UE capability signalling of both shortMeasurementGap-r14 and measGapPatterns via LTE RRC.
3. Draft reply LS to RAN2 [2]
RAN4 would like to thank RAN2 for the LS on capability of measurement gap patterns (R2-1902732). After discussion in RAN4, the feedback to RAN2 for their future work is as below,
· MG pattern 0 and 1 for all the MG use cases (including LTE/NR FR1 and/or FR2 measurement) except MG based RSTD measurement. In MG based RSTD measurement only MG pattern 0 is mandatory.
· In EN-DC, mandate UE to report same MG capability information between “shortMeasurementGap + measGapPatterns” via LTE RRC and “bit 2~11 of supportedGapPattern” via NR RRC
· RAN4 updated TS36.133 and TS38.133 to capture the UE capability signalling of both shortMeasurementGap-r14 and measGapPatterns via LTE RRC.
4. Conclusion
In this contribution, we discuss whether RAN2 agreement is aligned with RAN4 spec and whether RAN4 need to revise TS38.133/36.133 to align with the RAN2 agreement.
Proposal 1: For EN-DC and NE-DC cases, when per-FR MG capable UE has a FR2 serving cell and is configured with a FR2 MO, add mandatory MG pattern 0 and 1 into the applicability table. 
Proposal 2: For NR SA, NR CA and NR-DC cases, when per-UE MG capable UE has FR2 serving cell only and is configured with FR2 MO only or per-FR MG capable UE has a FR2 serving cell and is configured with a FR2 MO, add mandatory MG pattern 0 and 1 into the applicability table. 
Proposal 3: MG pattern 0 and 1 for all the MG use cases except MG based RSTD measurement. In MG based RSTD measurement only MG pattern 0 is mandatory.
Proposal 4: In EN-DC, mandate UE to report same MG capability information between “shortMeasurementGap + measGapPatterns” via LTE RRC and “bit 2~11 of supportedGapPattern” via NR RRC
Proposal 5: The use case for MG pattern with MGL<6ms and MGRP<160ms shall be based on following table, and RAN4 doesn’t need to specify anything in the current MG applicability table.
	Mode
	MG pattern
	Use cases (MOs)

	EN-DC and NE-DC
	Any pattern 0-11 with MGL<6ms and MGRP<160ms; i.e., 
Any pattern in patterns {0, 1, 2, 3, 4, 6, 7, 8, 10}
	For per-UE MG capable UE those patterns can be used for LTE+NR measurement and NR measurement. For per-FR MG capable UE those patterns can be used for LTE + NR FR1 measurement and NR FR1 only measurement

	NR SA, NR CA and NR-DC
	
	For per-UE MG capable UE those patterns can be used for LTE+NR measurement and NR measurement except when both serving cell and MO are in FR2 only.
For per-FR MG capable UE those patterns can be used for LTE + NR FR1 measurement and NR FR1 only measurement with FR1 serving cell.

	LTE SA
	
	For per-UE MG capable UE those patterns can be used for LTE+NR measurement and NR measurement. For per-FR MG capable UE those patterns can be used for LTE + NR FR1 measurement and NR FR1 only measurement.



Proposal 6: revise TS38.133 and TS36.133 MG applicability tables to capture the UE capability signalling of both shortMeasurementGap-r14 and measGapPatterns via LTE RRC.
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