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Introduction
In RAN4 #AH1801 meeting, UE behaviour for per-UE and per-FR gap was discussed and a wayforward was approved in [1], duplicated some agreements as below.
	Scenario 1
· In NSA, for UE capable to per-FR gap without FR2 serving cells but with both FR1/LTE and FR2 measurement objects, 
· Option 1-1: 
· When network configures only the FR1 gap, UE fallbacks to per-UE-gap mode.
· Option 1-2: 
· When network configures only the FR1 gap, UE meets requirements corresponding to an effective MGRP X ms  toward FR2 measurement objects.
· X is FFS, e.g., fix a value in spec or follow the MGRP of FR1 gap pattern or follow the SMTC period of the FR2 measurement objects.
· Clarification is needed to both UE and network sides.
· Option 1-2 is adopted due to shorter measurement delay and no additional signaling needed.
· The effective MGRP X can be further discussed together with the behavior of UE capable for gap-less measurement.
Scenario 2
· For UE capable to per-FR gap with both FR1 and FR2 serving cells and with both FR1/LTE and FR2 measurement objects, 
· When network configures only one gap, companies are encouraged to provide views on UE behavior and the detail requirements in the next meeting.
· Note that related RAN2 decision may also need to be considered 


It’s a very good starting point to discuss the UE behavior for per-UE and per-FR gap, and it’s worthwhile to clarify in the RRM specifications to make sure network can have correct expectation on UE behaviors. Also in last meeting, some companies proposed to use signaling indication from network to differentiate per-UE and per-FR gap; in this contribution, we discuss the UE measurement mode with gap and analyse the necessity of network indication on gap type.
RAN2 conclusion
There were some agreements in RAN2 #100 meeting last year, which are duplicated as below.
	Agreements:
1    For case of a single gap pattern that applies to both LTE and NR radios of the UE ('per UE gaps'): LTE RRC provides a single measurement gap configuration.
2    For the independent gap case where UE is able to apply a different gap pattern for LTE/FR1 and FR2:
a/    NR RRC configures a measurement gap configuration for FR2. 
b/     LTE RRC configures a measurement gap configuration for LTE and NR FR1 frequencies
 
Agreements:
1    In the case of per UE measurement gap configuration, MN decides the configuration and informs the SN about the configuration.
 
2    For Dec 17, adopt a solution where:
a/ For case of a single gap case the network always configures per UE gaps if the UE is configured to measure any inter-freq or inter-RAT carrier or intra-freq cases where gaps are required.
b/ For the independent gap case the network always configures for the LTE/FR1 gaps if the UE is configured to measure any carrier within the FR1 range, and network always configures for the FR2 gaps if the UE is configured to measure any carrier within the FR2 range.
 
3    For the independent gap case once EN-DC is setup:
a/    the MN should inform the measurement gap pattern configuration on FR1 to the SN
b/     the MN should inform the SN that it wants to measure in FR2 frequency(ies). Some assistance information to the SN to configure the gaps is provided 
c/     the SN should inform the MN that it wants to measure in NR carriers in FR1 range, if the SN has not already received a measurement gap pattern.  Some assistance information to the MN to configure the gaps is provided
FFS What assistance information is required
 
4    For the per UE gap case once EN-DC is setup:
a/    the MN should inform the measurement gap pattern configuration to the SN
b/      the SN should inform the MN that it wants to measure any inter-freq carrier or intra-freq cases where gaps are required.  Some assistance information to the MN to configure the gaps is provided
 
5    Capability is added to indicate support for independent gap configuration for FR1 and FR2



Based on the applicability rule in TS38.133, the FR1 gap(pattern #0~#11) can be used for per-UE gap and per-FR gap(FR1 measurement objects) in NSA, while FR2 gap(pattern #12~#23)  can only be used for per-FR gap(FR2 measurement objects) in NSA. The RAN2 conclusion is: for case of a single gap pattern that applies to both LTE and NR radios of the UE ('per UE gaps'): LTE RRC provides a single measurement gap configuration, and for the independent gap case where UE is able to apply a different gap pattern for LTE/FR1 and FR2: NR RRC configures a measurement gap configuration for FR2 but LTE RRC configures a measurement gap configuration for LTE and NR FR1 frequencies. So the observation is:
Obseervation 1:
In NSA,
MN can configure per-UE gap or per-FR gap for FR1 (if UE support independent gap).
SN cannot configure per-UE gap, but can only configure per-FR gap for FR2 (if UE support independent gap).
The measurement delay for gap-less case in WF[1] 
There was an remaining question in WF[1], 
· Option 1-2: 
· When network configures only the FR1 gap, UE meets requirements corresponding to an effective MGRP X ms  toward FR2 measurement objects.
· X is FFS, e.g., fix a value in spec or follow the MGRP of FR1 gap pattern or follow the SMTC period of the FR2 measurement objects.
We prefer to follow the MGRP of FR1 gap pattern, which give UE flexibility to perform the gap-less measurement in a power saving manner and meanwhile it will maintain the mobility performance from network perspective.
Proposal 1: In NSA, for UE capable to per-FR gap without FR2 serving cells but with both FR1/LTE and FR2 measurement objects, when network configures only the FR1 gap, UE meets requirements corresponding to the MGRP of FR1 gap pattern toward FR2 measurement objects.
Analysis on UE measurement mode with gap
In this section we analyse all the possible UE measurement behaviour with gap for NSA.
If UE support per-UE gap only
Table 1. UE measurement behaviour for per-UE gap case
	 
	Measurement object involves LTE, FR1 only
	Measurement object involves LTE, FR1 and FR2
	Measurement object involves FR2 only

	MN configures measurement gap only
	UE applies per UE gap 
	UE applies per UE gap
	UE applies per UE gap

	MN configures measurement gap and SN configure measurement gap
	Invalid configurationNote1
	Invalid configuration Note1
	Invalid configuration Note1

	SN configures measurement gap only
	Invalid configuration Note1
	Invalid configuration Note1
	Invalid configuration Note1


Note 1: SN cannot configure per-UE gap.
If the UE support per-UE gap only, it’s meaningless to indicate the gap type from network, because only per-UE gap can be configured for this UE.
Proposal 2: For UE who supports per-UE gap only, it will interpret the configured gap as per-UE gap for measurement behaviours. The network indication for gap type is not needed in this case.
If UE support per-FR gap
There might be two different scenarios we need to consider, which are also mentioned in the approved WF[1]: 
Scenario 1: serving cell include LTE/FR1 only; 
Scenario 2: serving cell include LTE/FR1 + FR2.
Scenario 1: serving cell include LTE/FR1 only
Table 2. UE measurement behaviour for per-FR gap in scenario 1
	 
	Measurement object involves LTE, FR1 only
	Measurement object involves LTE, FR1 and FR2
	Measurement object involves FR2 only

	MN configures measurement gap only
	UE applies per-UE gap or per-FR gap 

Non-deterministic for the UE behaviour
	UE applies per-UE gap Note1

Deterministic for the UE behaviour
	UE applies per-UE gap Note1

Deterministic for the UE behaviour

	MN configures measurement gap and SN configure measurement gap
	Invalid configuration
(SN cannot configure any gap for LTE/FR1 measurement)
	Invalid configuration 
(SN will not configure the per-FR gap for FR2 since UE doesn’t have FR2 serving cell)
	Invalid configuration
(SN will not configure the per-FR gap for FR2 since UE doesn’t have FR2 serving cell)

	SN configures measurement gap only
	Invalid configuration
(SN cannot configure any gap for LTE/FR1 measurement)
	Invalid configuration
(SN cannot configure any gap for LTE/FR1 measurement)
	Invalid configuration
(SN will not configure the per-FR gap for FR2 since UE doesn’t have FR2 serving cell)


Note 1: RAN2 concluded that network always configures for the FR2 gaps if the UE is configured to measure any carrier within the FR2 range; in this case only MN configured gap but FR2 is one of the measurement objects, then the only possibility is the gap configured by MN is per-UE gap.
So from above table 2, the only non-deterministic case for UE measurement behavior is: “Measurement object involves LTE, FR1 only” + “MN configures measurement gap only” (highlighted in yellow in the above table 2). However, it’s no difference between per-UE or per-FR gap for FR1 in this case, because serving cell in scenario 1 only includes LTE/FR1 and the measurement objects are only involve LTE/FR1. So in order to simplify the UE interpretation for gap configuration, we propose to apply per-UE gap in this case, and network indication of measurement type seems meaningless.
The table 2 can be revised to following table 3.
Table 3. Intel proposal on UE measurement behaviour for per-FR gap in scenario 1
	 
	Measurement object involves LTE, FR1 only
	Measurement object involves LTE, FR1 and FR2
	Measurement object involves FR2 only

	MN configures measurement gap only
	UE applies per-UE gap 

	UE applies per-UE gap

	UE applies per-UE gap


	MN configures measurement gap and SN configure measurement gap
	Invalid configuration

	Invalid configuration 

	Invalid configuration


	SN configures measurement gap only
	Invalid configuration

	Invalid configuration

	Invalid configuration



Proposal 3: For UE who supports independent gap, if serving cell include LTE/FR1 only, it will interpret the configured gap as per-UE gap for measurement behaviours. The network indication for gap type is not needed in this case.
Scenario 2: serving cell include LTE/FR1 + FR2
Table 4. UE measurement behaviour for per-FR gap in scenario 2
	 
	Measurement object involves LTE, FR1 only
	Measurement object involves LTE, FR1 and FR2
	Measurement object involves FR2 only

	MN configures measurement gap only
	UE applies per-UE gap or per-FR gap 

Non-deterministic for the UE behaviour
	UE applies per-UE gap Note 1

Deterministic for the UE behaviour
	UE applies per-UE gap Note 1

Deterministic for the UE behaviour

	MN configures measurement gap and SN configure measurement gap
	Invalid configuration
(SN cannot configure any gap for LTE/FR1 measurement)
	UE applies per-FR gap for FR1 and FR2

Deterministic for the UE behaviour
	Invalid configuration
(MN can figure per-UE and FR1 gap, and SN can configure FR2 gap, but it is not feasible to configure two kinds of gaps simultaneously for FR2 measurement)

	SN configures measurement gap only
	Invalid configuration
(SN cannot configure any gap for LTE/FR1 measurement)
	Invalid configuration.
(SN cannot configure any gap for LTE/FR1 measurement)
	UE applies per-FR gap for FR2

Deterministic for the UE behaviour


Note 1: RAN2 concluded that network always configures for the FR2 gaps if the UE is configured to measure any carrier within the FR2 range; in this case only MN configured gap but FR2 is one of the measurement objects, then the only possibility is the gap configured by MN is per-UE gap.
So from above table 4, the only non-deterministic case for UE measurement behavior is: “Measurement object involves LTE, FR1 only” + “MN configures measurement gap only” (highlighted in yellow in the above table 4). In this case the measurement object only involves LTE/FR1, if the per-UE gap is assumed then it will cause interruption to FR2 serving cell, but if the per-FR gap for FR1 is assumed, UE will apply per FR gap for FR1 and no interruption to FR2 serving cell. We didn’t see any benefit to indicate this gap as a per-UE gap from network perspective, so we propose to interpret this MN configured gap as a per-FR gap for FR1.
The table 4 can be revised to following table 5.
Table 5. Intel proposal on UE measurement behaviour for per-FR gap in scenario 2
	 
	Measurement object involves LTE, FR1 only
	Measurement object involves LTE, FR1 and FR2
	Measurement object involves FR2 only

	MN configures measurement gap only
	UE applies per-FR gap for FR1

	UE applies per-UE gap

	UE applies per-UE gap


	MN configures measurement gap and SN configure measurement gap
	Invalid configuration

	UE applies per-FR gap for FR1 and FR2
	Invalid configuration


	SN configures measurement gap only
	Invalid configuration
	Invalid configuration
	UE applies per-FR gap for FR2


Proposal 4: For UE who supports independent gap, if serving cell include LTE/FR1 and FR2, 
· in case both MN and SN configures gaps, they are per-FR gaps
· in case only SN configures gap, it’s per-FR gap for FR2
· in case only MN configures gap and FR2 is within measurement objects, it’s per-UE gap
· in case only MN configures gap and FR2 is not within measurement objects, it’s per-FR gap for FR1
Conclusion
In this contribution, we discuss the UE measurement mode with gap and analyse the necessity of network indication on gap type.
Proposal 1: In NSA, for UE capable to per-FR gap without FR2 serving cells but with both FR1/LTE and FR2 measurement objects, when network configures only the FR1 gap, UE meets requirements corresponding to the MGRP of FR1 gap pattern toward FR2 measurement objects.
Proposal 2: For UE who supports per-UE gap only, it will interpret the configured gap as per-UE gap for measurement behaviours. The network indication for gap type is not needed in this case.
Proposal 4: For UE who supports independent gap, if serving cell include LTE/FR1 and FR2, 
· in case both MN and SN configures gaps, they are per-FR gaps
· in case only SN configures gap, it’s per-FR gap for FR2
· in case only MN configures gap and FR2 is within measurement objects, it’s per-UE gap
· in case only MN configures gap and FR2 is not within measurement objects, it’s per-FR gap for FR1
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