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1. Introduction

In RAN4#84bis meeting the NR measurement gap related consensus was captured in the agreed Way Forward [1]. This contribution provides the analysis on measurement gap patterns.
2. Discussion
The following content is captured in [1],

	· Four MGRP to be introduced: 20ms, 40ms, 80ms and 160ms for NSA and SA NR UE

· If non-NR measurement objects are configured, 160ms MGRP should not be used

· FFS: 40ms MGRP LTE requirements will apply if 20ms MGRP common gap is configured

· For UE not supporting NR, both 20ms and 160ms should not be configured 

· Necessity of 20ms MGRP +6ms MGL to be confirmed by RAN4#85

· To do in RAN4#85: 

· Identify the combinations of MGRP and MGL, which are necessarily to be introduced in Rel-15

· Update measurement gap configuration table based on updated MGL and MGRP


For NSA scenario, if the measurement object is E-UTRA and UE only supports single measurement gap, when160ms MGRP is configured, it means that network shall initiate a gap per 160ms to perform inter-RAT measurements. This will possibly impact the mobility performance for LTE inter-frequency measurements. If 20ms MGRP is configured for measure E-UTRA inter-frequency, network shall initiate a gap per 20ms. In order to keep the current LTE inter-frequency measurement requirements unchanged, an alternative is that 40ms MGRP LTE requirements will apply if 20ms MGRP common gap is configured. However as we know in LTE, the scheduling strategy design only takes the 40ms and 80ms MGRP into account. If 20ms or 160ms is introduced, the scheduling strategy of LTE side shall consider new factors. We expect to keep the changes for LTE as small as possible. So we suggest that either 20ms or 160ms MGRP shall not be used if non-NR measurement objects are configured. Similarly we suggest the 4ms MGL shall not be used for measuring the non-NR measurement objects.

Proposal 1: 20ms, 160ms MGRP and 4ms MGL shall not be used if the configured measurement objects include non-NR measurement object(s).
If the measurement object is NR frequency, all kinds of MGL (i.e., 3ms, 4ms and 6 ms) and all kinds of MGRP (i.e., 20ms, 40ms, 80ms and 160ms) can be used. Considering 6ms MGL and 40ms MGRP, the data outage ratio due to measurement gap is 15%. Similarly, if 3ms MGL is introduced, according to the similar data outage ratio it seems 20ms MGL could be introduced. However the 4ms and 6ms MGL is not recommended when the 20 MGRP is configured.
Proposal 2: 4ms, 5.25ms and 6ms MGL is not recommended when the 20 MGRP is configured.
So the gap patterns UE shall supported for NSA are listed in Table 1.
Table 1. Gap Pattern Configurations supported by the UE
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time during 480ms period

(Tinter1, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	3
	40
	24

	3
	3
	80
	12

	4
	3
	20
	48

	5
	3
	160
	6

	6
	4
	40
	36

	7
	4
	80
	18

	8
	4
	160
	9

	9
	6
	160
	15

	10
	1.5
	20
	24

	11
	1.5
	40
	12

	12
	1.5
	80
	6

	13
	1.5
	160
	3

	14
	2.75
	20
	54

	15
	2.75
	40
	27

	16
	2.75
	80
	13.5

	17
	2.75
	160
	6.75

	18
	5.25
	40
	57

	19
	5.25
	80
	28.5

	20
	5.25
	160
	14.25


Based on the discussion in [2], the measurement gap applicability in NSA are listed in Table 2.

Table 2. Measurement gap applicability in NSA

	Per UE Single gap is configured
	Serving cell
	Measurement objects
	MGL
	MGRP
	Applicable Gap Pattern Id

	
	LTE, and FR1; or

LTE and FR2; or

LTE and FR1 and FR2
	Non-NR; or
Non-NR and FR1; or
Non-NR and FR2; or
Non-NR and FR1 and FR2;
	3ms, 6ms
	40ms, 80ms
	0,1,2,3

	
	LTE and FR1; or
LTE and FR2; or
LTE and FR1 and FR2
	FR1; or
FR2; or
FR1 and FR2
	3ms, 4ms, 6ms
	20ms, 40ms, 80ms, 160ms
	0,1,2,3,4,5,6,7,8,9

	Independent gaps are configured
	LTE and FR2; or
LTE and FR1 and FR2
	Non-NR and FR2;


	Gap1 for Non-NR:

3ms, 6ms
	Gap1 for Non-NR:

40ms, 80ms
	Gap1 for Non-NR:

0,1,2,3

	
	
	
	Gap2 for FR2:

1.5ms, 2.75ms, 5.25ms
	Gap2 for FR2:

20ms, 40ms, 80ms, 160ms
	Gap2 for FR2:

10,11,12,13,14,15,
16,17,18,19,20

	
	LTE and FR2; 

LTE and FR1 and FR2
	FR1 and FR2
	Gap1 for FR1:

3ms, 4ms, 6ms
	Gap1 for FR1:

20ms,40ms, 80ms, 160ms
	Gap1 for FR1:

0,1,2,3,4,5,6,7,8,9

	
	
	
	Gap2 for FR2:

1.5ms, 2.75ms, 5.25ms
	Gap2 for FR2:

20ms, 40ms, 80ms, 160ms
	Gap2 for FR2:

10,11,12,13,14,15,
16,17,18,19,20


3. Conclusions

This contribution provides the further consideration on measurement gap patterns. The supported gap patterns and applicability are provided in Table 1 and Table 2:
Table 1. Gap Pattern Configurations supported by the UE
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time during 480ms period

(Tinter1, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	3
	40
	24

	3
	3
	80
	12

	4
	3
	20
	48

	5
	3
	160
	6

	6
	4
	40
	36

	7
	4
	80
	18

	8
	4
	160
	9

	9
	6
	160
	15

	10
	1.5
	20
	24

	11
	1.5
	40
	12

	12
	1.5
	80
	6

	13
	1.5
	160
	3

	14
	2.75
	20
	54

	15
	2.75
	40
	27

	16
	2.75
	80
	13.5

	17
	2.75
	160
	6.75

	18
	5.25
	40
	57

	19
	5.25
	80
	28.5

	20
	5.25
	160
	14.25


Table 2. Measurement gap applicability in NSA

	Per UE Single gap is configured
	Serving cell
	Measurement objects
	MGL
	MGRP
	Applicable Gap Pattern Id

	
	LTE, and FR1; or

LTE and FR2; or

LTE and FR1 and FR2
	Non-NR;

Non-NR and FR1;

Non-NR and FR2;
Non-NR and FR1 and FR2;
	3ms, 6ms
	40ms, 80ms
	0,1,2,3

	
	LTE and FR1;

 LTE and FR2;

LTE and FR1 and FR2
	FR1;

FR2;

FR1 and FR2
	3ms, 4ms, 6ms
	20ms, 40ms, 80ms, 160ms
	0,1,2,3,4,5,6,7,8,9

	Independent gaps are configured
	LTE and FR2; 

LTE and FR1 and FR2
	Non-NR and FR2;


	Gap1 for Non-NR:

3ms, 6ms
	40ms, 80ms
	0,1,2,3

	
	
	
	Gaps for FR2:

1.5ms, 2.75ms, 5.25ms
	20ms, 40ms, 80ms, 160ms
	10,11,12,13,14,15,16,17,18,19,20
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