[bookmark: OLE_LINK103][bookmark: OLE_LINK104]3GPP TSG-RAN WG4 Meeting #94-e-Bis	R4-2003606
Electronic Meeting, 20th – 30th Apr., 2020        

Agenda item:		6.15.1.6
Source:	MediaTek Inc. 
Title:	Discussion on new capability for NR-only measurement and mandatory MG patterns in Rel-16
Document for:		Discussion 
1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #94 meeting, the following consensus is achieved [2]: 
	· Definition of NR only measurement 
· Option 1 (ZTE, Ericsson)
· When an UE indicates that a gap pattern is for NR only measurement, it means the gap pattern cannot be configured for E-UTRA measurements.
· Option 2 (MediaTek, Intel, OPPO, CMCC, Huawei, NTT DOCOMO)
· The definition of NR-only measurement is the target measurement objects to be measured within the measurement gap are all NR carriers.
· Option 3 (Qualcomm, OPPO)
· NR only measurements should mean target cell is NR and that the gap is only needed on NR serving cells

· Applicable scenarios of UE capability for NR only measurement 
· Option 1
· The UE capability is applicable to NR SA and NR-DC mode
· Option 2 
· The UE capability is applicable to NR SA, NR-DC, NE-DC, EN-DC and LTE SA mode

· Purpose of UE capability for NR only measurements 
· Option 1
· The UE capability is to indicate if the gap patterns in FR1 from GP#2 to GP#11 can only be used to do NR only measurements.
· Option 2
· Other options are not precluded

· Applicable scenarios for additional mandatory gap patterns
· Option 1 
· Additional mandatory gap patterns are applicable for NR SA and NR-DC mode
· Option 2 
· Additional mandatory gap patterns are applicable to NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode
· Option 3 
· Additional mandatory gap patterns are applied to NR SA and NR-DC mode
· In EN-DC, NE-DC and LTE SA mode
· No additional mandatory gap patterns for FR1 for UE not supporting shortMeasurementGap-r14
· GP#2 and GP#3 are additional mandatory for FR1 for UE supporting shortMeasurementGap-r14
· Option 4 
· Additional mandatory gap patterns are applied to NR SA and NR-DC mode
· In EN-DC and LTE SA mode, no additional mandatory is needed
· GP#2 and GP#3 can be used for both LTE and NR measurements for UE supporting shortMeasurementGap-r14
· GP#4 to GP#11 can be used for both LTE and NR measurements if UE reports the gap pattern is supported via measGapPatterns-r15 
· In NE-DC mode
· For UE supporting shortMeasurementGap-r14, GP#2 and GP#3 are additional mandatory 
· if UE reports a gap pattern is supported via measGapPatterns-r15, it can be additional mandatory if it is agreed to be mandatory.
· Option 5 
· Additional mandatory gap patterns are applied to NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode
· 6ms gap would be used for the LTE serving cell, but the short gap could still be used with the NR serving cell
· Option 6
· Other options are not precluded

· Mandatory with capability signaling
· Option 1 : 
· Any new gap patterns to be made mandatory should be mandatory with capability signaling.
· Option 2: 
· The additional mandatory gap pattern feature is mandatory with capability signaling.
· Option 3: 
· FFS

· Mandatory gap patterns for FR1
· Option 1 
· GP#2 and GP#3
· Option 2 
· GP#2, GP#3, GP#7, GP#8, GP#9, GP#10 and GP#11 
· Option 3 
· Other options are not precluded

· Mandatory gap patterns for FR2
· Option 1 
· GP#17 and GP#18
· Option 2 
· GP#16, GP#17, GP#18, GP#19
· Option 3 
· Other options are not precluded

· How to make decisions on additional mandatory gap patterns if consensus cannot be reached
· Option 1
· Based on majority view
· Option 2
· Any views that is agreeable

· Decisions on additional mandatory gap patterns will be made in the next RAN4 meeting.
· LS on RAN4 agreements on UE capability and mandatory measurement gap patterns will be send to RAN2 in the next meeting.  



In this paper, we justify why RAN4 should separately discuss the Rel-16 new capability for NR-only measurement and Rel-16 mandatory MG patterns. And provide our proposals for compromise. 



2	Discussion  
We think that RAN4 should separately discuss the Rel-16 new capability for NR-only measurement and Rel-16 mandatory MG patterns. The Rel-16 new capability for NR-only measurement is to inform the Network whether UE is capable of measuring NR MOs but not capable of measuring LTE MO through the particular MG. It has nothing to do with mandating any particular gap. 

In last meeting, companies have different understandings on the definition and potential scenarios of NR-only measurement. We would like to clarify the definition and potential scenarios before we go to further details. In our understanding, NR-only measurements have potential scenarios listed in following Table 1. 
[bookmark: _Ref37095364][bookmark: _Ref32420638]Proposal 1: RAN4 to confirm the potential scenarios of NR-only measurement, as listed in the following table 
[bookmark: _Ref37095564]Table 1: Scenarios for NR-only measurements (within gap)
	Scenario
	Applicable gap configured by PCell
	Configured MOs by PCell
	Applicable gap configured by PSCell
	Configured MOs by PSCell

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

	EN-DC
	· 
	· 
	· FR2 gap of per-FR gap
	· NR intra-freq with or without gap
· NR inter-freq

	NR SA
	· Per-UE gap
· FR1/2 gap of per-FR gap
	· NR intra-freq with or without gap
· NR inter-freq
	N.A
	N.A

	NE-DC
	· 
	· 
	N.A
	· LTE intra-freq

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



RAN2 capability signalling of measurement gap patterns in Rel-15 are listed in Appendix A for companies to refer to. According to the applicability rules for gap pattern configurations in Table 9.1.2-2 and Table 9.1.2-3 of TS38.133 [3], 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 never supported by UE in the end. To further improve the system throughput in Rel-16, introducing the NR-only measurement UE capability is essential. That capability is used to inform the Network that UE is capable of measuring NR MOs but not capable of measuring LTE MO through particular MG. 

In RAN4#93 meeting, companies only agreed that NR-only measurement UE capability can be conducted in NR SA and NR-DC mode [2]. 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. Some companies have concerns on mandating a Rel-16 UE to support a gap pattern which is not supported according to reported Rel-15 LTE capability. However, what we are discussing here is the Rel-16 new UE capability for NR-only measurement among GP#2-11. Introducing a new UE capability does not mean UE is mandated to support these gap patterns. 
[bookmark: _Ref37090105]Observation 1: introducing a new UE capability in Rel-16 for NR-only measurement among GP#2-11 does not mean a UE is mandated to support these gap patterns

Therefore, we suggest that UE capability in Rel-16 for NR-only measurement among GP#2-11 should also be introduced in LTE SA, EN-DC and NE-DC mode, and both in LTE RRC and NR RRC. Such that there exists a capability for UE to inform the Network: a shorter MG can be applied if the configured target MOs are all NR. We believe that is the original intension of this WID. So we propose 
[bookmark: _Ref37095366]Proposal 2: RAN4 to inform RAN2 on the necessity of introducing a new UE capability for NR-only measurement among GP#2-11 in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode
[bookmark: _Ref37095367]Proposal 3: RAN4 to confirm that the definition of NR-only measurement is -- the target measurement objects to be measured within the measurement gap are all NR carriers

Some companies also have concerns on the consistency of the UE capability. We provide the explanation in Appendix B to prove that introducing new Rel-16 UE capabilities for NR only measurement among GP #2-11 will not change the Rel-15 capability description and gap pattern applicability rule.
[bookmark: _Ref32420781]Observation 2: Introducing new Rel-16 UE capabilities for NR only measurement among GP #2-11 will not change the Rel-15 capability description and gap pattern applicability rule

RAN4 can just inform RAN2 on the conclusions that RAN4 reached and let RAN2 to handle the remaining UE capability design. In the following sections, we then discuss which gap pattern should be further specified as mandatory in Rel-16. We do not see the need to link mandatory MG patterns in Rel-16 with the legacy UE capability shortMeasurementGap-r14. By limiting the applicability scenarios (per-UE or per-FR gap, or activity mode, i.e., LTE SA, EN-DC, NE-DC, NR-SA, and NR-DC) for mandatory MG patterns, it is also possible to avoid mandating a Rel-16 UE to support a gap pattern which is not supported according to reported Rel-15 LTE capability.

It will be helpful if we can separate the discussions in FR1 part and FR2 part. 
Mandatory Rel-16 measurement gap among GP#12-23:
Mandating measurement gap among GP#12-23 in Rel-16 is a discussion not related to the Rel-16 UE capability of NR-only measurement. If some of MGs among GP#12-23 are specified as mandatory in Rel-16, it means that the corresponding bits in NR RRC signalling supportedGapPattern will be forced to set as 1 for a Rel-16 UE. There is no new UE capability needs to be introduced nor impact on Rel-15 LTE capability.” Note that mandating measurement gap among GP#12-23 in Rel-16 has nothing to do with the Rel-16 UE capability of NR-only measurement.
[bookmark: _Ref37095210]Observation 3: In FR2, it should be no concern to introduce additional mandatory gap patterns in NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode

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. Considering that some companies think MGRP 160ms might be not so useful for FR2, we can compromise to specify only 3 mandatory MGs among them for Rel-16 UE
[bookmark: _Ref37095368][bookmark: _Ref23971877][bookmark: _Ref20944338][bookmark: _Ref20944128]Proposal 4: In FR2, at least GP#16, GP#17, and GP#18 are specified as mandatory MGs for Rel-16 UE who supports per-UE gap in NR-DC and NR SA mode or for Rel-16 UE who supports per-FR gap in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode

Mandatory Rel-16 measurement gap in FR1:
Mandating measurement gap among GP#2-11 in Rel-16 is a discussion related to the Rel-16 UE capability of NR-only measurement. It means that the corresponding new UE capabilities for NR only measurement among GP #2-11 in Rel-16 are forced to be set as 1. As we mentioned, some companies had concerns on mandating a Rel-16 UE to support a gap pattern which is not supported according to reported Rel-15 LTE capability, they can only accept to specify the Rel-16 FR1 mandatory MG in NR-DC and NR-SA mode. In our understanding, for UE who supports per-UE gap in Rel-15, it is possible that UE reuses the legacy LTE design on measurement gap and couldn’t support the shorter MG in Rel-16. However, for a UE who already supports per-FR gap in Rel-15, the shorter MG related configurations are already updated and it should be no problem to support additional mandatory gaps in Rel-16. 
[bookmark: _Ref37095220]Observation 4: In FR1, it is possible to introduce additional mandatory gap patterns only in NR SA and NR-DC mode for UE who supports per-UE gap, and to introduce additional mandatory gap patterns in NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode for UE who already supports per-FR gap

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. Considering that some companies would like to reduce the number of mandatory MGs, we can compromise to specify only 4 mandatory MGs for Rel-16 UE
[bookmark: _Ref37095370][bookmark: _Ref20944132][bookmark: _Ref23971881]Proposal 5: In FR 1, at least GP#2, GP#3, GP#7, and GP#8 are specified as mandatory NR-only MGs for Rel-16 UE. It has following 2 options: 
1) Mandating in NR SA and NR-DC mode for UE who supports per-UE gap, and in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode for UE who supports per-FR gap, 
2) Mandating only in NR SA and NR-DC mode  

The agreed gap patterns in current spec are shown as below Table 2, where the existing Rel-15 mandatory MGs are marked by green background, the Rel-16 mandatory MGs that we think UE should at least to support are marked by yellow background. Besides, all the Rel-16 mandatory MGs we suggest are marked in bold red:

[bookmark: _Ref37095128]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




3	Summary 
In this contribution, we have following observations
Observation 1: introducing a new UE capability in Rel-16 for NR-only measurement among GP#2-11 does not mean a UE is mandated to support these gap patterns
Observation 2: Introducing new Rel-16 UE capabilities for NR only measurement among GP #2-11 will not change the Rel-15 capability description and gap pattern applicability rule
Observation 3: In FR2, it should be no concern to introduce additional mandatory gap patterns in NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode
Observation 4: In FR1, it is possible to introduce additional mandatory gap patterns only in NR SA and NR-DC mode for UE who supports per-UE gap, and to introduce additional mandatory gap patterns in NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode
[bookmark: _GoBack]
And we propose 
Proposal 1: RAN4 to confirm the potential scenarios of NR-only measurement, as listed in the following table 
Table 1: Scenarios for NR-only measurements (within gap)
	Scenario
	Applicable gap configured by PCell
	Configured MOs by PCell
	Applicable gap configured by PSCell
	Configured MOs by PSCell

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

	EN-DC
	· 
	· 
	· FR2 gap of per-FR gap
	· NR intra-freq with or without gap
· NR inter-freq

	NR SA
	· Per-UE gap
· FR1/2 gap of per-FR gap
	· NR intra-freq with or without gap
· NR inter-freq
	N.A
	N.A

	NE-DC
	· 
	· 
	N.A
	· LTE intra-freq

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



Proposal 2: RAN4 to inform RAN2 on the necessity of introducing a new UE capability for NR-only measurement among GP#2-11 in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode
Proposal 3: RAN4 to confirm that the definition of NR-only measurement is -- the target measurement objects to be measured within the measurement gap are all NR carriers
Proposal 4: In FR2, at least GP#16, GP#17, and GP#18 are specified as mandatory MGs for Rel-16 UE who supports per-UE gap in NR-DC and NR SA mode or for Rel-16 UE who supports per-FR gap in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode
Proposal 5: In FR 1, at least GP#2, GP#3, GP#7, and GP#8 are specified as mandatory NR-only MGs for Rel-16 UE. It has following 2 options: 
1) Mandating in NR SA and NR-DC mode for UE who supports per-UE gap, and in LTE SA, EN-DC, NE-DC, NR SA, and NR-DC mode for UE who supports per-FR gap, 
2) Mandating only in NR SA and NR-DC mode  
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[bookmark: _Ref37095840]Appendix A 
In RAN4#90 meeting, an LS [4] was sent to inform RAN4 the capability signalling of measurement gap patterns in current RAN2 spec TS38.331 [5], 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.


[bookmark: _Ref37086675]Appendix B 
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: _Ref37097938]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 
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