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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4#90 meeting, an LS [1] was sent to inform RAN4 the capability signalling of measurement gap patterns in current RAN2 spec TS38.331 [2], the details are shown as follows: 
	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.



Besides, in RAN4 #93 meeting, the following consensus is achieved in RAN4 [3]: 
	· Introduce a new Rel-16 UE capability to indicate measurement gap patterns for 'NR only measurements' 
· NR only measurement is to be clarified. 
· Applicability of additional mandatory gap patterns and new UE capability signaling
· Additional mandatory gap patterns and new UE capability in Rel-16 are applicable for at least NR SA and NR-DC mode
· FFS applicability for EN-DC, NE-DC, and LTE SA mode
· FFS Mandatory gap patterns for FR1
· FFS Mandatory gap patterns for FR2
· Decisions on mandatory measurement gap patterns and applicability will be made in the RAN4#94 meeting.
· LS on RAN4 agreements on UE capability and mandatory measurement gap patterns will be send to RAN2 in the RAN4#94 meeting. 


In this paper, the new capability for NR-only measurement and mandatory MG in Rel-16 are discussed. 
2	Discussion  
In last meeting, companies has different understandings on the definition of NR-only measurement. So we would like to clarify the definition before we go to further details. According to the applicability rules for gap pattern configurations in Table 9.1.2-2 and Table 9.1.2-3 of TS38.133 [4], if UE indicates supporting short MGL GP#2, #3, #4, #6, #7, #8, #10 in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode, it means that UE can measure both NR and LTE measurement objects (MOs) with these gaps. However, most of the UE vendors can’t guarantee the measurement accuracy of measuring LTE measurement objects within short MGL. Therefore, GP#2-11 are seldom supported by UE in the end. 

[bookmark: _Ref23971869]To further improve the system throughput in Rel-16, we see the need to introduce a new UE capability to allow UE reporting GP#2-11 for NR-only measurements. In our understanding, NR-only measurements have scenarios listed in Error! Reference source not found.. RAN4 may firstly confirm the definition of NR-only measurement and if there exist other cases to be considered.   
Proposal 1: RAN4 to confirm the definition of NR-only measurement is -- the target measurement objects to be measured within the measurement gap are all NR carriers.


[bookmark: _Ref32420638]Proposal 2: RAN4 to confirm the scenario of NR-only measurement are all listed in the following table 
Table 1 Scenarios for NR-only measurements
	scenario
	Applicable gap
	Configured MOs

	
	
	by PCell
	by PSCell

	LTE SA
	· Per-UE gap
· FR1 gap of per-FR gap
	· LTE intra-freq
· NR inter-RAT
	N.A

	EN-DC
	
	· LTE intra-freq
· NR inter-RAT
	· NR intra-freq with or without gap
· NR inter-freq

	NR SA
	
	· NR intra-freq with or without gap
· NR inter-freq
	N.A

	NE-DC
	
	· NR intra-freq with or without gap
· NR inter-freq
	· LTE intra-freq

	NR-DC
	
	· NR intra-freq with or without gap
· NR inter-freq
	· NR intra-freq with or without gap
· NR inter-freq




Some companies also have concerns on the consistency of the UE capability. For example, for a UE who can only use GP#2 to measure the NR MOs, this UE can’t report 1 in Rel-15 UE capability (shortMeasurementGap or supportedGapPattern). If new UE capability in Rel-16 is introduced and UE reports 1 in Rel-16 for GP#2, should UE report 1 or 0 for the Rel-15 capability? In Rel-15, we only confirmed that when UE reports 1 for GP#2, it means that UE can measure both NR and LTE MOs with this gap. However, we have never clarified the meaning when UE report 0. As shown in Figure 1, it seems to us that there exist 3 possibilities:
· Option 1: UE can measure LTE MOs but can’t measure NR MOs
· Option 2: UE can measure NR MOs but can’t measure LTE MOs
· Option 3: UE can’t measure both LTE and NR MOs

[image: ]
[bookmark: _Ref23954988]Figure 1: The meanings of Rel-15 UE capability

Therefore, for the aforementioned example, we think that UE can still report 0 for the Rel-15 capability, due to the fact that the UE behaviour belongs to one of these 3 options. If the UE supports Rel-16 gaps, Network can further confirm the UE category according to the following rules:
· If UE reports 1 for the Rel-16 capability, it is option 2 
· If UE reports 0 for the Rel-16 capability, it may be option 1 or option 3 

In our understanding, there should be no issue for the consistency of the UE capability. 
[bookmark: _Ref32420781]Observation 1: There should be no problem in introducing new UE capabilities for NR only measurement in Rel-16, without changing the Rel-15 capability description and gap pattern applicability rule.

No matter what, RAN4 can just inform RAN2 the conclusions that RAN4 make and let RAN2 to handle the remaining UE capability design. In last meeting, companies only agreed that NR-only measurement can be conducted in NR SA and NR-DC mode. In our understanding, when shorter measurement gap is applied for the NR-only measurement in LTE SA, EN-DC and NE-DC mode, it means that UE can obtain more opportunity for intra-frequency measurement and data reception. It eventually benefits the UE. Besides, introducing a new UE capability does not mean UE is mandated to support all the gap patterns. So we suggest that
[bookmark: _Ref23971873]Proposal 3: RAN4 to inform RAN2 the necessity of introducing a new UE capability for NR-only measurement in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode.

We then discuss which gap pattern should be further specified as mandatory in Rel-16. The agreed gap patterns are shown in below Table 2, where the existing mandatory MGs are marked by green colour whereas the proposed mandatory MGs are marked by yellow one:
[bookmark: _Ref20938769]Table 2: Gap Pattern Configurations
	FR1
Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	FR2
Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40
	12
	5.5
	20

	1
	6
	80
	13
	5.5
	40

	2
	3
	40
	14
	5.5
	80

	3
	3
	80
	15
	5.5
	160

	4
	6
	20
	16
	3.5
	20

	5
	6
	160
	17
	3.5
	40

	6
	4
	20
	18
	3.5
	80

	7
	4
	40
	19
	3.5
	160

	8
	4
	80
	20
	1.5
	20

	9
	4
	160
	21
	1.5
	40

	10
	3
	20
	22
	1.5
	80

	11
	3
	160
	23
	1.5
	160




NR measurement in FR2:
We think that 32 or 48 beams might be sufficient enough in typical FR2 scenarios. In this case, the overall SSBs can be transmitted within 2ms or 3ms SMTC window duration. This means that MGL 3.5 is useful because it can cover the 3ms SMTC window plus 0.5ms margin for RF tuning time, without cause extra throughput loss. Besides, introducing MGRP 20ms and 160ms for FR2 measurement can provide flexibility for Network to have a better trade-off between UE throughput and measurement performance. Therefore, we suggest that GP#15, GP#16, GP#17, GP#18, and GP#19 should also be added as mandatory MGs for Rel-16 UE in NR SA, and NR-DC mode.
[bookmark: _Ref23971877][bookmark: _Ref20944338][bookmark: _Ref20944128]Proposal 4: GP#15, GP#16, GP#17, GP#18, and GP#19 are added as mandatory MGs of NR-only measurement for 
•	Rel-16 UE who supports per-UE gap or per-FR gap in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode.

NR measurement in FR1:
Similar with the arguments in FR2, we think that Network might only deploy 1 or 4 beams in FR1. This means that MGL 3ms and 4ms are all useful because they can cover the 2ms and 3ms SMTC window plus 1ms margin for RF tuning time without cause extra throughput loss. Therefore, we suggest that GP#2, GP#3, GP#5-11 should also be added as mandatory MGs for Rel-16 UE in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode.
[bookmark: _Ref20944132][bookmark: _Ref23971881]Proposal 5: GP#2, GP#3, GP#5-11 are added as mandatory MGs of NR-only measurement for 
•	Rel-16 UE who supports per-UE gap in NR SA and NR-DC mode, 
•	Rel-16 UE who supports per-FR gap in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode. 


3	Summary 
In this contribution, we have following observation
Observation 1: There should be no problem in introducing new UE capabilities for NR only measurement in Rel-16, without changing the Rel-15 capability description and gap pattern applicability rule.

And we propose 

Proposal 1: RAN4 to confirm the definition of NR-only measurement is -- the target measurement objects to be measured within the measurement gap are all NR carriers.
Proposal 2: RAN4 to confirm the scenario of NR-only measurement are all listed in the following table 
Table 1 Scenarios for NR-only measurements
	scenario
	Applicable gap
	Configured MOs

	
	
	by PCell
	by PSCell

	LTE SA
	· Per-UE gap
· FR1 gap of per-FR gap
	· LTE intra-freq
· NR inter-RAT
	N.A

	EN-DC
	
	· LTE intra-freq
· NR inter-RAT
	· NR intra-freq with or without gap
· NR inter-freq

	NR SA
	
	· NR intra-freq with or without gap
· NR inter-freq
	N.A

	NE-DC
	
	· NR intra-freq with or without gap
· NR inter-freq
	· LTE intra-freq

	NR-DC
	
	· NR intra-freq with or without gap
· NR inter-freq
	· NR intra-freq with or without gap
· NR inter-freq




Proposal 3: RAN4 to inform RAN2 the necessity of introducing a new UE capability for NR-only measurement in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode.
Proposal 4: GP#15, GP#16, GP#17, GP#18, and GP#19 are added as mandatory MGs of NR-only measurement for 
•	Rel-16 UE who supports per-UE gap or per-FR gap in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode.
Proposal 5: GP#2, GP#3, GP#5-11 are added as mandatory MGs of NR-only measurement for 
•	Rel-16 UE who supports per-UE gap in NR SA and NR-DC mode, 
•	Rel-16 UE who supports per-FR gap in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode. 
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