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1. Introduction

According to current applicability for gap pattern configuration specified in TS 38.133, only gap pattern 0~3 can be used if the target MO includes LTE measurement. In last meeting, the impact of such limitation on NR measurement was discussed and WF was agreed [1]. This contribution provides further discussion on this issue.
2. Discussion 
Inter-RAT measurement is a very important scenario. At the first stage of 5G deployment, it is difficult to have continuous 5G network coverage. In order to guarantee the system performance, inter-RAT mobility is necessary.

Observation 1: Inter-RAT mobility plays an important role in the first stage of 5G deployment.
According to current applicability for gap pattern configuration specified in TS 38.133, for EN-DC scenario, if the inter-RAT measurement only comprises LTE frequency, gap pattern 0~3 is in use, for SA scenario, as long as LTE measurement is included, only gap pattern 0~3 is in use. That is to say, if the target MO includes LTE frequency, no matter there is NR frequency measurement or not, only gap pattern 0~3 can be used

Observation 2: according to current applicability for gap pattern configuration, only gap pattern 0~3 can be used if the target MO includes LTE frequency.
For NR, there are 24 gap patterns in total. The selection of gap pattern is based on the SSB transmission and the impact on throughput. Different gap pattern is beneficial for different scenario. For example, if the number of transmitted SSB is 6 with 15KHz SCS, then the MGL of 4ms is enough. And for the synchronized scenario, 4ms MGL is also enough to do LTE measurement. However, according to current applicability, only 6ms MGL can be used if there is LTE measurement, which results in more data loss. Another example is that 40ms MGRP with 6ms MGL and 20ms MGRP with 3ms MGL have the same impact on throughput, but 20ms MGRP could have better mobility performance. However, according to current applicability, 20ms MGRP with 3ms MGL cannot be used if there is LTE measurement. In a word, the current applicability for gap pattern configuration of inter-RAT measurement limits the gain of the multiple gap patterns for NR measurement.

Observation 3: the current applicability for gap pattern configuration of inter-RAT measurement limits the gain of the multiple gap patterns for NR measurement.  
For LTE, the PSS/SSS is transmitted every 5ms and the CRS is transmitted on every subframe. The gap pattern 4~11 can also be used to measure LTE frequency. To fully utilize the flexible gap pattern configuration, it is proposed to apply gap pattern 0~11 to the scenario that LTE measurement is included. 
Proposal 1: for NR, it is proposed to apply gap pattern 0~11 to the scenario that LTE measurement is included.
According to the WF, if additional gap patterns besides gap pattern 0~3 are agreed to be applied to measurement purpose including E-UTRAN, following issues needs to be considered.
· Discuss on whether new UE capability is needed or existing signaling can be reused for those gap patterns

· Discuss whether to introduce new E-UTRA measurement requirements based on the potential new gap patterns in REL-15 TEI.

Issue 1: capability signaling for the additional gap patterns

For gap pattern 4 (6 ms MGL+20ms MGRP) and gap pattern 5(6 ms MGL+160ms MGRP), since the MGL is 6ms, there is no need to introduce capability signaling for this two gap patterns. The impact on the measurement requirements will be discussed in the following section. 

Observation 4: for the gap pattern with 6ms MGL (gap pattern 4 and gap pattern 5), since the MGL is 6ms, there is no need to introduce capability signaling for this two gap patterns.  
In the previous discussion, for measurement purpose including E-UTRAN measurement, it was agreed that the gap pattern 2 and 3 are supported by UEs which support shortMeasurementGap-r14 and a LS was sent to RAN2 requesting to specify the signaling [2]. The signaling designed for gap pattern 2 and 3 can be reused for gap pattern 6~11, since UE supporting short measurement gap pattern#2 and #3 is capable of performing measurement within 3ms/4ms MGL.
For NSA case, if UE indicates shortMeasurementGap-r14, this UE supports gap patter 2/3 and gap pattern 6~11. For SA, according to TS 38.331, IE supportedGapPattern Indicates measurement gap pattern(s) optionally supported by the UE. It can be seen that RAN2 design is very flexible and can be used to indicate the support of short measurement gap for the measurement purpose including E-UTRAN measurement. 
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Proposal 2: the signaling designed for gap pattern 2 and 3 can be reused for gap pattern 6~11.
Issue 2: impact on the measurement requirements from the additional gap patterns
For SA operation, E-UTRAN measurement is inter-RAT measurement. In current spec TS38.133, the NR-E-UTRAN measurement requirements are specified for gap pattern 0~3. If gap pattern 4~11 are applied to measurement purpose including E-UTRAN measurement, how to specify the E-UTRAN measurement requirements can be analyzed case by case. 
For gap pattern with MGRP smaller than 160ms (e.g. gap pattern 4, 6~8 and 10), there are two possible ways to define requirements.

Option 1: introduce new E-UTRA inter-RAT measurement requirements based on gap pattern 4, 6~8 and 10

Option 2: reuse current E-UTRA inter-RAT measurement requirements specified for gap pattern 0~3
Considering that the limited timeline for Rel-15, option 2 is acceptable for us.
For option 2, the basic consideration is that the requirements corresponding to gap patterns with MGRP = 20ms, the current requirements corresponding to gap patterns with MGRP = 40ms can be reused. For the case when no DRX is used, the requirement is related to Tinter1, which is dependent on MGL and MGRP. The suggested Tinter1 for additional gap patterns are shown as following table1. 
Table 1: Minimum available time for inter-RAT measurements (Table 9.4.1-1 in 38.133)
	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)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	3
	40
	24Note 1

	3
	3
	80
	12Note 1

	4
	6
	20
	120 Note 3

	5
	6
	160
	15 Note 3

	6
	4
	20
	72 Note 3

	7
	4
	40
	36 Note 3

	8
	4
	80
	18Note 3

	9
	4
	160
	9 Note 3

	10
	3
	20
	48 Note 3

	11
	3
	160
	6 Note 3

	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:  Measurement gaps pattern configurations applicability is as specified in Table 9.1.2-1.
NOTE 3:
When determing UE requirements using Tinter1 for GP4, GP6~GP8, GP10, Tinter1 = 60 for GP4, GP6, GP7, GP10 and Tinter1 = 30 for GP8 and Tinter1 = TBD for GP5, GP9, GP11 shall be used.



For the case when DRX is used, the current requirements are captured in Table 9.4.2.3-1 in TS 38.133, which is duplicated as following. The requirements are dependent on the gap period. If the requirements corresponding to gap patterns with MGRP = 20ms reuse the requirements specified for gap period = 40ms in Table 9.4.2.3-1, no additional revision of current specification is required to support the additional gap patterns except a note maybe needed.
Table 9.4.2.3-1: Requirement to identify a newly detectable E-UTRAN FDD cell

	DRX cycle length (s)
	 TIdentify, E-UTRAN FDD (s) (DRX cycles)

	
	Gap period = 40 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in Section 9.4.2.2 apply
	Non-DRX requirements in Section 9.4.2.2 apply

	0.256
	5.12*K (20*K)
	7.68*K (30*K)

	0.32
	6.4*K (20*K)
	7.68*K (24*K)

	0.32< DRX-cycle ≤10.24
	Note1 (20*K)
	Note1 (20*K)

	NOTE 1:
The time depends on the DRX cycle length.

NOTE 2:
K=TBD and depends at least on Nfreq, SA defined in Section 9.1.3.3.


For gap pattern with MGRP = 160ms (e.g. gap pattern #5, #9, #11), in order to guarantee the measurement performance for the longer MGRP, it is better to specify new measurement requirements. And how to specify the requirements can be further studied.
For NR capable UE when not configured with EN-DC and E-UTRA-NR dual connectivity with PSCell configured, when the measurement purpose including NR measurement, in order to support the gap pattern 4~11, the similar revision as SA operation is needed and the suggested revision are shown in the following Table 2.

Table 2: Gap Pattern Configurations supported by the UE (Table 8.1.2.1-1in 36.133)

	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 3, 5
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[5]
	6
	160
	15 Note 3
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[6]
	[4]
	[20]
	72 Note 2, 3, 5
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[7]
	4
	40
	36 Note 2, 3, 5
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[8]
	4
	80
	18Note 2, 3, 5
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[9]
	[4]
	[160]
	9 Note 2, 3
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[10]
	3
	20
	48 Note 2, 3, 5
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[11]
	3
	160
	4 Note 2, 3
	inter-RAT NR, E-UTRA Inter-frequency Measurements when Configured with E-UTRA-NR Dual Connectivity Operation

	[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 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 or by UEs which are configured to perform inter-RAT NR measurement only.

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

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:
When determing UE requirements using Tinter1 for GP4, GP6~GP8, GP10, Tinter1 = 60 for GP4, GP6, GP7, GP10 and Tinter1 = 30 for GP8 and Tinter1 = TBD for GP5, GP9, GP11 shall be used.


Proposal 3: the E-UTRAN measurement requirements corresponding to additional gap patterns with MGRP = 20ms and MGRP = 40ms, the current requirements corresponding to gap patterns with MGRP = 40ms can be reused. The E-UTRAN measurement requirements corresponding to additional gap patterns with MGRP = 80ms, the current requirements corresponding to gap patterns with MGRP = 80ms can be reused.
Proposal 4: for gap patterns with MGRP = 160ms, it is proposed to specify new E-UTRAN measurement requirements. And how to specify the requirements can be further studied.
3. Conclusion
This contribution provides discussion on the applicability for gap pattern configuration. The observations and proposals are:
Observation 1: Inter-RAT mobility plays an important role in the first stage of 5G deployment.

Observation 2: according to current applicability for gap pattern configuration, only gap pattern 0~3 can be used if the target MO includes LTE frequency.

Observation 3: the current applicability for gap pattern configuration of inter-RAT measurement limits the gain of the multiple gap patterns for NR measurement.  
Proposal 1: for NR, it is proposed to apply gap pattern 0~11 to the scenario that LTE measurement is included.
Observation 4: for the gap pattern with 6ms MGL (gap pattern 4 and gap pattern 5), since the MGL is 6ms, there is no need to introduce capability signaling for this two gap patterns.  
Proposal 2: the signaling designed for gap pattern 2 and 3 can be reused for gap pattern 6~11.
Proposal 3: the E-UTRAN measurement requirements corresponding to additional gap patterns with MGRP = 20ms and MGRP = 40ms, the current requirements corresponding to gap patterns with MGRP = 40ms can be reused. The E-UTRAN measurement requirements corresponding to additional gap patterns with MGRP = 80ms, the current requirements corresponding to gap patterns with MGRP = 80ms can be reused. The suggested revision is shown in the above Table1and Table2.
Proposal 4: for gap patterns with MGRP = 160ms, it is proposed to specify new E-UTRAN measurement requirements. And how to specify the requirements can be further studied.
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