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1. Introduction

RAN2 sent a LS [1] on capability of measurement gap patterns. The content is duplicated as below,
	1. Overall Description

RAN2 would like to inform RAN4 that RAN2 has discussed the capability signalling of measurement gap patterns.

RAN2 agreed that current RRC signaling for gap pattern capabilities as following:

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 and 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 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).

In NR SA

· 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 using the gap pattern according to the corresponding applicability defined in RAN4 specifications. 

RAN2 would like to confirm with RAN4 that the above agreements are consistent with TS 36.133 and TS 38.133.


RAN4 discussed the LS during RAN4#90bis meeting, an agreement was made 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.
This paper continues to discuss on this issue.
2. Discussion
In our understanding, the Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 are the Applicability for Gap Pattern Configurations supported by the UE. It doesn’t mean UE shall support all the gap patterns in the tables, and it only provides a guidance to network the applicability of the gap patterns. Network shall consider the gap pattern(s) UE supported, serving cells and MO and check the two applicable tables, then configure the proper gap pattern to the specific UE.
Observation 1: UE is not required to support all gap patterns in Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133.
In our understanding, RAN2 is responsible for the supported gap pattern signaling design and RAN4 is responsible for the applicability of gap pattern. So far RAN2 provides the signaling on UE supported gap pattern for LTE, ENDC, NEDC, NRDC and NR SA [1]. RAN4 shall take RAN2’s signaling design into account and modify the signaling related description in TS 38.133. 
Proposal 1: RAN4 shall modify the signaling related description in Table 9.1.2-2 and Table 9.1.2-3 according to RAN2’s design.
As discussed at the last meeting,  one issue was identified. According to UE’s current capability specified in RAN2, only gap pattern 0 and 1 are mandatory. However the applicable gap pattern is #12-23 in the following cases specified in the current gap pattern applicability table:
· For SA, per UE gap, serving cell is on FR2, measurement purpose is on FR2 only, the applicable gap pattern is 12-23 (in Table 9.1.2-3) ;
· For SA, per FR gap, one serving cell is on FR2,one measurement purpose is on FR2, the applicable gap pattern is 12-23 (in Table 9.1.2-3) ;
· For ENDC or NEDC, per FR gap, one serving cell is on FR2,one measurement purpose is on FR2, the applicable gap pattern is 12-23 (in Table 9.1.2-2) .
The straight forward way is to modify the applicability table, i.e., adding gap pattern #0, #1 to the above cases. As each UE had supported pattern #0 and #1, then this option has the least impact on UE implementation.
Proposal 2: In order to support the above mentioned measurement types, gap pattern #0, #1 can be added to the line where there is only gap pattern #12-23 in the applicability tables.
Alternative option is to mandate one gap pattern among #12-23 for the above cases. Gap pattern #13 (MGL=5.5ms, MGRP=40ms) seems as an appropriate gap pattern. The reason are listed as below.
· MGL 5.5ms can cover the maximum STMC duration, and this gives network the configuration flexibility.
· A typical configuration of SMTC periodicity is 20ms in practical deployment. If the MGRP is configured as 20ms as well, the measurement gap and SMTC occasion are fully overlapped, then gap sharing shall be applied. Accordingly the measurement period will be extended. On the other hand, if the MGRP is configured a longer value, e.g., 160ms, the measurement period will be longer accordingly and it will degrade the mobility performance. Thus 40ms MGRP seems as a proper configuration.
Proposal 3: Besides proposal1, an alternative way is to mandate gap pattern #13.
In EN-DC, different signaling are used for LTE RRC signaling and NR RRC signaling (shown in below).
· 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).
During the offline discussion at last RAN4#90bis meeting, another concern was pointed out by some company. The concern is that how network make decision if the supported gap patterns reported through LTE signaling and NR signaling are different. In our understanding, UE knows its own capability, and it shall ensure report the supported gap patterns correctly and the LTE related signaling has no conflict with NR signaling. 
Observation 2: UE shall ensure report the supported gap patterns correctly and the LTE signaling has no conflict with NR signaling.
3. Conclusions

This contribution provides the discussion on the supported gap patterns. The following proposal is proposed:
Observation 1: UE is not required to support all gap patterns in Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133.

Proposal 1: RAN4 shall modify the signaling related description in Table 9.1.2-2 and Table 9.1.2-3 according to RAN2’s design.
Proposal 2: In order to support the above mentioned measurement types, gap pattern #0, #1 can be added to the line where there is only gap pattern #12-23 in the applicability tables.
Proposal 3: Besides proposal1, an alternative way is to mandate gap pattern #13.

Observation 2: UE shall ensure report the supported gap patterns correctly and the LTE signaling has no conflict with NR signaling.
The accompany CRs for TS 38.133 and TS 36.133 are provided in [R4-1906473] and [R4-1906474].
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5. Annex

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 [TS 38.133]
	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: 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. 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.




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) [TS 38.133]
	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

	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.
NOTE 5:   NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2.
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