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1. Introduction

In RAN4 #84bis meeting, a WF was approved in [1], and some of the agreements were duplicated as below,
	· Agreement on UE capability for FR1/2 measurements

· To do in RAN4#85: introduce measurement gap based requirements for per-UE based measurement gap and FR1/2 independent measurement gap (best effort based)

· Agreement on MGL
· For UE supports single and per UE gap, three MGL are introduced, 6ms, [4]ms and 3ms

· For UE support independent gap for FR1/2, the following MGL are introduced

· FR1 measurement objects: 6ms, [4]ms and 3ms

· FR2 measurement objects: 

· With FR1/LTE serving cell only: 6ms, [4]ms and 3ms

· With FR2 serving cell: 

· If identical gap is configured for both FR1 and FR2: 6ms, [4]ms, 3ms, 

· If independent gap is configured for FR1 and FR2:[1+x] ms, [2.25+x] ms, [5+x]ms

Note: x is defined based on RF switching time and TBD in RAN4#85

· Non-NR-capable UE does not need to support new gap other than 3ms or 6ms

· Agreement on MGL

· 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

· Agreement on intra-frequency measurements for FR1/2
· It shall be assumed in release 15 that all UE are not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on FR2 serving cells during FR2 intra-frequency measurements, ie no capability is needed

· For UE not supporting mixed numerology scenarios in FR1 and FR2, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH for intra-frequency measurement without RF-retuning

· Agreements on measurement gap configuration
· RAN4 is still discussing if gap or other mechanism is used for

· Intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block

· To do in RAN4#85: study mechanisms on how to handle intra-frequency with no RF-retuning in both FR1 and FR2

· Agreements on gap sharing

· Gap sharing between intra-frequency with gap  and inter-frequency measurement

· Configurable by NW with up to 4 levels including equal sharing


In this contribution we will continue to discuss the gap patterns and applicability to address all the remaining issues for the gap design, and a corresponding TP is also proposed for TS38.133 section 9.1 for gap in [2].
2. Frequency range based measurement gap

In the email discussion, the TS38.133 draft was approved and some context for gap is as below,

	If the UE requires measurement gaps to identify and measure intra-frequency cells with gap and/or inter-frequency cells, in order for the requirements in the following subsections to apply the [network] must at least provide a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers. 

Editor note: frequency ranges based measurement gap configuration will be also captured in this section once the conclusions are made


Companies commented that (1) frequency range based measurement gap might be added together with the corresponding measurement requirement (2) the forward-compatibility if new FR is introduced in the future. 

For the first comment, it is also fine to us that frequency range based measurement gap can be added firstly and at meanwhile put the corresponding measurement requirement in editor note, since the gap configuration is much generic description than the particular measurement requirements.

For second comment, in order to keep the forward-compatibility for new possible FR, we propose to use a RRM specific item instead of the “FR”; e.g. we may use “band group” to define the RRM requirements, and FRs or bands can be categorized into band groups, and the number of band groups shall be up to 2 since UE only support 2 per band group gaps. 
Proposal 1: in order to support the forward-compatibility for new possible FR in future, it’s better to use “band group” based gap to represent the independent gap in RRM requirements, and then FRs or bands can be categorized into band groups, and the number of band groups shall be up to 2.
3. Gap patterns
3.1 RF switching time for FR2
In FR2 the RF tuning/retuning time is expected to be smaller than the case in FR1, since the time resolution is much higher in FR2 UE implementation. On the other hand, if the 1ms for RF switching is adopted in FR2 then it may overlap with 16 slots of 240kHz SCS which is quite more from the data perspective. So as mentioned in last meeting discussion 500us might be a reasonable and acceptable number for UE implementation, including both RF tuning and retuning.
Proposal 2: RF switching time in independent gap (per band group band) for FR2 measurement is x=0.5ms.
3.2 Necessity of 20ms MGRP +6ms MGL
The candidate of MGRP in last meeting is {20, 40, 80, 160}ms, and with x=0.5ms, the MGL candidates are={3, 4, 6, 1.5, 2.75, 5.5}ms. As discussed before, the too dense gap may introduce data loss to UE and network but it speed up the measurement, and that is, we need to think about the trade-off to decide the MGRP + MGL. For FR1 the mobility condition is similar as LTE, the similar density(6ms gap in 40ms MGRP) of gap can achieve a good balance between data throughput and measurement efficiency, so we 20ms MGRP +6ms MGL and 20ms MGRP + 4ms MGL may not be good choice for FR1. 
For FR2, UE may need fast measurement since the time slot is quite smaller than FR1 case and the big amount of beam management might also need fast measurement. Like in the following table, if SCS=120kHz the beam number can also configured up to 64 and the SSB duration is up to 4ms, and therefore in this FR2 case 20ms MGRP + 5.5ms MGL is desirable and feasible. Moreover, 20ms MGRP + 5.5ms MGL only applies when serving and target cell are both FR2 cells and independent gap is used. For all the case when serving cell is not FR2 or target cell is FR1/LTE, in order to avoid the extra data loss to FR1/LTE, 20ms MGRP+6ms MGL and 20ms MGRP + 4ms MGL is not applicable.
Compared with 160msMGRP+3msMGL and 160msMGRP+4msMGL, the data loss difference is only 0.625%(2.5%-1.875%) but the amount of gap patterns will increase the UE complexity to supporting all of them, so here we think the 160msMGRP+4msMGL may be also not desirable.
Table 1. SSB slots duration

	Frequency range
	SCS
	L
	SSB Slot snumber
	Tss-slot (ms)
	Duration of SSB slots 

	up to 3 GHz
	15 kHz
	4
	2
	1
	2ms

	up to 3 GHz
	30 kHz
	4
	2
	1/2
	1ms

	from 3 GHz to 6 GHz
	15 kHz
	8
	4
	1
	4ms

	from 3 GHz to 6 GHz
	30 kHz
	8
	4
	1/2
	2ms

	from 6 GHz to 52.6 GHz
	120 kHz
	64
	32
	1/8
	4ms

	from 6 GHz to 52.6 GHz
	240 kHz
	64
	32
	1/16
	2ms


Proposal 3: 20 ms MGRP + 5.5ms MGL is only applicable when serving cell and target cell are both in FR2 and independent gap (e.g. per band group gap) is used for this measurement, while 20msMGRP + 6msMGL and 20msMGRP + 4msMGL are not applicable.
3.3 Gap patterns summary

Based on the analysis above, the summary table for the gap patterns is proposed as below, in which 21 pattern are captured.
Compared with 160msMGRP+3msMGL and 160msMGRP+4msMGL, the data loss difference is only 0.625%(2.5%-1.875%) but the amount of gap patterns will increase the UE complexity to supporting all of them, so here we think the 160msMGRP+4msMGL may be also not desirable. 

Similar situation between 160msMGRP+1.5msMGL and 160msMGRP+2.75msMGL, the data loss difference is only 0.78%(1.72%-0.94%),  so here we think the 160msMGRP+1.5msMGL may be also not desirable.
Proposal 4: gap patterns is specified in table 2.
Table 2: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for intra-frequency with gap and inter-frequency measurements during [480]ms period (Tinter1, ms)

	[0]
	[6]
	[40]
	[60]

	[1]
	[6]
	[80]
	[30]

	[2]
	[3]
	[40]
	[24]

	[3]
	[3]
	[80]
	[12]

	[4]
	[6]
	[160]
	[15]

	[5]
	[4]
	[40]
	[36]

	[6]
	[4]
	[80]
	[18]

	[7]
	[3]
	[20]
	[48]

	[8]
	[3]
	[160]
	[6]

	[9]
	[5.5]
	[20]
	[120]

	[10]
	[5.5]
	[40]
	[60]

	[11]
	[5.5]
	[80]
	[30]

	[12]
	[5.5]
	[160]
	[15]

	[13]
	[2.75]
	[20]
	[54]

	[14]
	[2.75]
	[40]
	[27]

	[15]
	[2.75]
	[80]
	[13.5]

	[16]
	[2.75]
	[160]
	[6.75]

	[17]
	[1.5]
	[20]
	[24]

	[18]
	[1.5]
	[40]
	[12]

	[19]
	[1.5]
	[80]
	[6]


4. Applicability of gap patterns

The applicability of gap patterns were reflected in the approved WF:
· Agreement on MGL
· For UE supports single and per UE gap, three MGL are introduced, 6ms, [4]ms and 3ms

· For UE support independent gap for FR1/2, the following MGL are introduced

· FR1 measurement objects: 6ms, [4]ms and 3ms

· FR2 measurement objects: 

· With FR1/LTE serving cell only: 6ms, [4]ms and 3ms

· With FR2 serving cell: 

· If identical gap is configured for both FR1 and FR2: 6ms, [4]ms, 3ms, 

· If independent gap is configured for FR1 and FR2:[1+x] ms, [2.25+x] ms, [5+x]ms

Note: x is defined based on RF switching time and TBD in RAN4#85

· Non-NR-capable UE does not need to support new gap other than 3ms or 6ms

· Agreement on MGL

· 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 

And based on the discussion in section 2, the 20 ms MGRP + 5.5ms MGL is only applicable when serving cell and target cell are both in FR2 and independent gap is used for this measurement. In addition, for LTE measurement object, 4ms is not supported either in TS36.133, and therefore only MGL=3ms and 6ms can be assumed for LTE measurement object. 

So the applicability of gap pattern can be summarized in following table,

Proposal 5: the applicability of gap patterns shall be specified as table 3.

Table 3: Applicability for Gap Pattern Configurations supported by the UE

	UE configuration
	Serving cell
	Measurement Purpose
	Applicable Gap Pattern Id

	Single and Per-UE gap
	LTE, and/or FR1 NG-RAN, and/or FR2 NG-RAN 
	LTE measurement objects only
	[0,1,2,3]

	
	LTE, and/or FR1 NG-RAN, and/or FR2 NG-RAN
	Intra-Frequency NG-RAN and/or Inter-frequency NG-RAN. (No LTE measurement objects)
	[0,1,2,3,4,5,6,7,8]

	
	LTE, and/or FR1 NG-RAN, and/or FR2 NG-RAN
	LTE and Intra-Frequency NG-RAN and/or Inter-frequency NG-RAN
	[0,1,2,3,5,6,7]note1

	Per band group gaps for LTE/FR1 and FR2

	LTE, and/or FR1 NG-RAN, and/or FR2 NG-RAN
	LTE measurement objects only
	[0,1,2,3] for LTE/FR1

	
	LTE, and/or FR1 NG-RAN, and/or FR2 NG-RAN
	Intra-Frequency FR1 NG-RAN and/or Inter-frequency FR1 NG-RAN (No LTE measurement objects)
	[0,1,2,3,4,5,6,7,8] for LTE/FR1


	
	LTE, and/or FR1 NG-RAN, and/or FR2 NG-RAN
	LTE and Intra-Frequency FR1 NG-RAN and/or Inter-frequency FR1 NG-RAN
	[0,1,2,3,5,6,7]note1 for LTE/FR1

	
	LTE, and/or FR1 NG-RAN, and FR2 NG-RAN
	Intra-Frequency FR2 NG-RAN and/or Inter-frequency FR2 NG-RAN
	[9, 10,11,12,13,14,15,16,17,18,19] for FR2

	Note1: 40ms MGRP LTE requirements will apply if 20ms MGRP common gap is configured


5. Conclusion
In this contribution we will continue to discuss the gap patterns and applicability to address all the remaining issues for the gap design, and a corresponding TP is also proposed for TS38.133 section 9.1 for gap in [2].

Proposal 1: in order to support the forward-compatibility for new possible FR in future, it’s better to use “band group” based gap to represent the independent gap in RRM requirements, and then FRs or bands can be categorized into band groups, and the number of band groups shall be up to 2.
Proposal 2: RF switching time in independent gap (per band group band) for FR2 measurement is x=0.5ms.
Proposal 3: 20 ms MGRP + 5.5ms MGL is only applicable when serving cell and target cell are both in FR2 and independent gap (e.g. per band group gap) is used for this measurement, while 20msMGRP + 6msMGL and 20msMGRP + 4msMGL are not applicable.
Proposal 4: gap patterns is specified in table 2.
Proposal 5: the applicability of gap patterns shall be specified as table 3.
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