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1 Introduction
In last a few RAN2 and RAN4 meetings, majority of RRM requirements for EN-DC have been discussed and defined. There are a few open issues regarding measurement capability for EN-DC UEs, including:
· LTE to NR inter-RAT measurement capability before NR SCG is added.

· The UE capability to support newly added gap patterns.
In this paper, we share our observations and propose solutions.

2 Discussion
2.1 LTE to NR Inter-RAT measurement capability
For measurement capability in EN-DC, one capability “independentGapConfig” is defined. The UE shall indicate “True” if the UE supports per-FR gap and “False” if the UE only supports per-UE gap. Per-FR gap and per-UE gap are defined as follows in [1]:

Table 1: 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 
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11

	
	
	non-NR RATand FR1 and/or FR2
	0,1,2,3

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

	
	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 and FR2
	0,1,2,3 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT and FR1 and FR2
	0,1,2,3 

	
	FR2 if configured
	
	12-23


However, the capability “independentGapConfig” seems only applicable when the UE is configured with EN-DC:

· Per-UE gaps requires the UE open gaps on all serving cells;

· Per-FR gaps requires the UE independently open gaps on LTE/FR1 and FR2.

When an EN-DC capable UE is not configured with NR cell, i.e. before NR PScell is added, existing specification does not have a mechanism to let the UE signal “gap” or “gapless” capability for LTE to NR measurements.

Observation 1:
Before NR PScell is added, the UE cannot signal its measurement gap capability to the network for LTE to NR purpose. 
To resolve the above issue, there are two possible solutions:

Solution 1: Expand “independentGapConfig” to cover LTE-only case. For example, if per-UE gap is signalled, even if the UE is in LTE-only operation, network always configure gap to measure any NR frequencies, including both FR1 and FR2 frequencies. If per-FR gap is signalled, network always configure gap on LTE serving cells to measure FR1 frequencies. FR2 frequencies can be gapless.
Solution 2: similar to legacy LTE IRAT measurement capability, introduce new capability for LTE to NR measurements. The UE signals “gap” or “gapless” capability for each supported NR bands, per LTE band and per LTE CA combo.
Proposal 1:
RAN2 to discuss which solution should be applied to allow the UE signal LTE to NR measurement capability before NR PScell is added.
2.2 The UE capability to support newly added gap patterns
With EN-DC, gap patterns 4 to 23 are added for the NR measurement purpose (see Annex). Currently there is no UE capabilities for those newly added patterns, meaning the UE must support all 11 patterns for per-UE gap and all 23 patterns for per-FR gap. Even if the UE can support them, it can be difficult to do IoT testing because there is no guarantee that network will also support all gap patterns. This will effectively delay 5G NSA deployment. In that sense, UE capabilities should be introduced for gap patterns. On another hand, it is also not reasonable to define capability per gap pattern.
Proposal 2:
Introduce UE capabilities to categorize gap patterns to a few sub-groups.
In legacy LTE, only gap patterns 0 and 1 are mandatory to the UE. Support of gap patterns 2 and 3 (measurement gap length (MGL) of 3ms) is signalled to the network by UE capability “shortMeasurementGap”. In EN-DC, since LTE and FR1 gaps are configured together, it’s reasonable to assign a capability for patterns 2 and 3 to make it backward compatible to legacy LTE.
For gap patterns 4 to 11, same principle of using MGL for re-grouping can be re-used. Patterns 4 and 5 (MGL of 6ms) is one group; patterns 6, 7, 8 and 9 (MGL of 4ms) is one group; pattern 10 and 11 (MGL of 3ms) is another group. Measurement Gap Repetition Period (MGRP) of 20ms is also not defined in legacy LTE. For consistency, another capability for 20ms MGRP should also be defined.
For gap patterns 12 to 23, following the same logic, pattern 12 to 15 (MGL of 5.5ms) is one group; patterns 16 to 19 (MGL of 3.5ms) is one group; pattern 20 to 23 (MGL of 1.5ms) is the final group.
Proposal 3:
Introduce UE capability for gap patterns as defined in Table 2. On top of it, use another capability for MGRP of 20ms patterns.
Table 2: Proposed UE capability for gap patterns
	Group
	Gap pattern ID
	MGL (ms)
	UE capability

	1
	0, 1
	6
	Mandatory

	2
	2, 3
	3
	1 bit

	3
	4, 5
	6
	1 bit

	4
	6, 7, 8, 9
	4
	1 bit

	5
	10, 11
	3
	1 bit

	6
	12, 13, 14, 15
	5.5
	1 bit

	7
	16, 17, 18, 19
	3.5
	1 bit

	8
	20, 21, 22, 23
	1.5
	1 bit


In another table (Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE) defined in 36.133 [2], new gap patterns ID are also defined for NR measurements. Similarly, UE capability in proposal 3 shall also be applicable to LTE gap patterns.

Proposal 4:
Use the same capabilities defined in proposal 3 for newly defined gap pattern IDs in LTE. 
3 Summary
In this paper, we have the following observations and proposals:
Observation 1:
Before NR PScell is added, the UE cannot signal its measurement gap capability to the network for LTE to NR purpose. 
Proposal 1:
RAN2 to discuss which solution should be applied to allow the UE signal LTE to NR measurement capability before NR PScell is added.
Proposal 2:
Introduce UE capabilities to categorize gap patterns to a few sub-groups.
Proposal 3:
Introduce UE capability for gap patterns as defined in Table 2. On top of it, use another capability for MGRP of 20ms patterns.

Proposal 4:
Use the same capabilities defined in proposal 3 for newly defined gap pattern IDs in LTE. 
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5 Annex

Gap patterns defined in 38.133 for EN-DC:
Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160


Gap patterns defined in 36.331:

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

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

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

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

	FFS: [4]
	[6]
	[20]
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[5]
	6
	160
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	FFS: [6]
	[4]
	[20]
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[7]
	4
	40
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[8]
	4
	80
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[9]
	[4]
	[160]
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[10]
	3
	20
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[11]
	3
	160
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	FFS: [12]
	[5.5]
	[20]
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[13]
	[5.5]
	40
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[14]
	[5.5]
	80
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[15]
	[5.5]
	160
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[16]
	[3.5]
	20
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[17]
	[3.5]
	40
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[18]
	[3.5]
	80
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[19]
	[3.5]
	160
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[20]
	[1.5]
	20
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[21]
	[1.5]
	40
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[22]
	[1.5]
	80
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	[23]
	[1.5]
	[160]
	Note 3
	Intra-frequency NR and/or inter-RAT NR

	NOTE 1:
When determing UE requirements using Tinter1 for GP2 and GP3, Tinter1 = [60] for GP2 and Tinter1 = [30] for GP3 shall be used.

NOTE 2:
This gap pattern is supported by UEs which support shortMeasurementGap-r14

NOTE 3:
Editor’s note:NR measurement requirement may not be scaled by Tinter


