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1. Introduction
In pervious RAN4 meetings, there were discussions regarding specification of measurement without GAP and of deactivated SCell measurement taking interruption issue into account. One of the main topics is visualization of the timing of interruption and the small GAP measurement which is a possible solution was discussed [1, 2]. For inter frequency/Rat measurement, it is aimed to reduce the gap length. For deactivated SCell measurement, it is aimed to visualize the interruption timing due to measurement. In last meeting, the WF for the small GAP measurement in Rel-12 was agreed as below [3].

· For RAN4#72Bis companies will study feasibility of introduction of solution for small gap measurements in Rel-12

· At RAN4#72Bis, based on feasibility study, companies will agree on one of the following options:

· Option 1: Continue the work on solution for small gap measurements under Rel-12

· Option 2: 

· Continue the work on solution for small gap measurements under Rel-13

· Apply Rel-11 solution of PCell interruption due to deactivated SCell measurements for Rel-12
In this contribution, first we study the feasibility of the introduction of small GAP measurement in Rel-12. Next, we discuss and propose the detail of small GAP.
2. Discussion
2.1. Feasibility of introduction of small GAP in Rel-12
Although small GAP would need new RRC signalling, it is feasible to introduce small GAP in Rel-12 from the viewpoint of scheduling since the completion of Rel-12 ASN.1 was extended to December 2014. We assume the following approach to specify small GAP in Rel-12. 
RAN4

· RAN4 #72bis meeting (Oct.): 

· RAN4 agrees the followings at least.

· A methodology of small GAP.
· Information which UE and eNB should send to eNB and UE, respectively.
· RAN4 sends an LS to RAN2 to share the above RAN4 agreements.
· RAN4 #73 meeting (Nov.) and later meetings (if needed): 

· RAN4 agrees the detailed parameters
RAN2
· RAN2 #88(Nov.):

· RAN2 agrees the introduction of new RRC signals based on the LS from RAN4.
We understand that it would be a little challenging to complete specifying the small GAP feature in this meeting. However if RAN4 agrees the information which UE/eNB need to send to eNB/UE, respectively at the RAN4#72bis, RAN2 will be able to specify corresponding RRC signalling for small GAP in the RAN2 #88(Nov.). Based on the above analysis, our observation and proposals are as below.
Observation 1: It is feasible to introduce the small GAP in Rel-12.

Proposal 1: The small GAP should be introduced in Rel-12 in order to visualize the interruption timing.
Proposal 2: A methodology and information for small GAP should be agreed in this meeting.
2.2. Methodology of small GAP
2.2.1. Structure of small GAP

It was proposed to introduce the visible interruption as the methodology of small GAP [2]. The concept of visible interruption consists of first VIL, ML, second VIL, and VIRP as shown in Figure 1. First VIL, ML, and second VIL are contiguous. They are continually repeated over VIRP. Only during VIL, the interruption due to measurement can be allowed. This methodology can be applied to both inter frequency/RAT measurement and deactivated SCell measurement by specifying the different small GAP patterns, which consist of the combinations of first VIL, ML, second VIL, and VIRP. 

Proposal 3: visible interruption is specified as the methodology of small GAP.
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ML: Measurement Length
VIL: Visible interruption length
VIRP: Visible interruption Repetition Period




Figure 1: the concept of visible interruption

2.2.2. Procedure of small GAP

In order to configure the small GAP, UE needs to inform eNB of the necessity of small GAP and the eNB configures a small GAP pattern to the UE. More specifically, we propose the following procedure.

· From UE to eNB
· UE supporting small GAP informs eNB of the necessity of small GAP for inter frequency/RAT measurement and for deactivated SCell measurement, respectively.

· Regarding the indications for inter frequency/RAT measurement, UE indicates the necessity of small GAP for each operating band in the CA band combination and measuring band like the same as the necessity of legacy GAP. 

· Regarding the indications for deactivated SCell measurement, UE indicates the necessity of small GAP for each CA band combination.
· UE selects small GAP patterns which UE uses for each of the following;
· Inter frequency/RAT measurement with 40ms and 80ms measurement cycle, respectively.

· Deactivated SCell measurement with 160ms, 256ms, 320ms, 512ms, 640ms, 1024ms, and 1280ms measurement cycle, respectively.

· UE informs eNB of an index number corresponding to the combination of small GAP patterns which UE selects.

· From eNB to UE
· eNB configures the small gap based on the UE capability for inter frequency/RAT measurement and/or deactivated SCell measurement.

As we discuss in Section 2.2.3, it is proposed to specify small GAP patterns and combinations of small GAP pattern in TS 36.133. And UE informs eNB of an index number corresponding to the selected combination. In this way, if RAN4 agrees at least the maximum number of combinations which will be specified in TS 36.133, RAN2 can specify RRC signalling. 

Proposal 3: RAN4 should agree the procedure proposed in section 2.2.2.
Corresponding potential changes in the RAN2 specification are also captured in Annex A.
2.2.3. Small GAP patterns

How to specify Small GAP pattern
Small GAP patterns for each measurement and for each measurement cycle should be specified in TS 36.133. In addition, the combination of small GAP patterns should be specified in TS 36.133. Although how many combinations we need is not clear, 1024 combinations would be enough for both inter frequency/RAT measurement and deactivated SCell measurement, respectively. 

Observation 2: Although how many combinations we need is not clear, 1024 combinations would be enough for both inter frequency/RAT measurement and deactivated SCell measurement, respectively. 

Small GAP pattern for Inter frequency/RAT measurement
Regarding the first VIL, ML, and second VIL, based on the analysis in [4], it is reasonable to introduce the two patterns,  which are (VIL, ML, VIL) = (1, 4, 1) and (1, 5, 1). Regarding the VIRP, in order to complete specifying this solution in Rel-12 timeline, it is better to apply the same value of configured measurement cycle to VIRP. Note that, other combinations are FFS and those are not excluded.
Observation 3: it is reasonable to introduce the two patterns, which are (VIL, ML, VIL) = (1, 4, 1) and (1, 5, 1) for inter frequency/RAT measurement. Other combinations are not excluded.
Small GAP pattern for Deactivated SCell measurement

In case where measCycleSCell is 640ms or longer, the interruption rate due to deactivated SCell measurement should be lower than 0.5%. Since UE can ensure this requirement by using the (VIL, ML, VIL) = (1, 4, 1) or (1, 5, 1), it is feasible to define such GAP patterns for deactivated SCell measurement.  
In case where measCycleSCell is shorter than 640ms, the same requirement for interruption rate is applied as in case where measCycleSCell is 640ms or longer if the interruption is allowed by NW [6]. Note that, it is needed to carefully consider the small GAP pattern for deactivated SCell measurement in case of short measurement cycle such as 160ms, 256ms, and 360ms. This is because the interruption rate is greater than 0.5% if VIRP is 160ms, 256ms, or 360ms and if the first VIL and second VIL are the 1ms, respectively. One of the potential solutions of this concern is to apply the larger value compared to 4/5ms to ML and to apply the integer multiple of measCycleSCell to VIRP. Note that, other combinations are FFS and those are not excluded.
Observation 4: it is reasonable to introduce the two patterns, which are (VIL, ML, VIL) = (1, 4, 1) and (1, 5, 1) for deactivated SCell measurement. Other combinations are not excluded.
Observation 5: it is needed to carefully consider the small GAP pattern for deactivated SCell measurement in case of short measurement cycle such as 160ms, 256ms, and 360ms.
3. Conclusion

In this contribution, we studied the feasibility of the introduction of small GAP measurement in Rel-12 and proposed the detail of small GAP. Our proposals and observations are summarized as below.
Observation 1: It is feasible to introduce the small GAP in Rel-12.

Proposal 1: The small GAP should be introduced in Rel-12 in order to visualize the interruption timing.

Proposal 2: A methodology and information for small GAP should be agreed in this meeting.

Proposal 3: RAN4 should agree the procedure proposed in section 2.2.2.

Observation 2: Although how many combinations we need is not clear, 1024 combinations would be enough for both inter frequency/RAT measurement and deactivated SCell measurement, respectively. 

Observation 3: it is reasonable to introduce the two patterns, which are (VIL, ML, VIL) = (1, 4, 1) and (1, 5, 1) for inter frequency/RAT measurement. Other combinations are not excluded.

Observation 4: it is reasonable to introduce the two patterns, which are (VIL, ML, VIL) = (1, 4, 1) and (1, 5, 1) for deactivated SCell measurement. Other combinations are not excluded.

Observation 5: it is needed to carefully consider the small GAP pattern for deactivated SCell measurement in case of short measurement cycle such as 160ms, 256ms, and 360ms.

If the above proposals are agreeable to the group, it is also proposed to send an LS to RAN2 to notify them that RAN4 has agreed to introduce small gap. We prepare the draft LS in [5].

Proposal 4: Send an LS for RAN2 to notify them RAN4 agreement.
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Annex A  Potential CR for 36.331
Note: the changes are highlighted in Yellow.

	The First Change


5.5.2.9
Measurement gap configuration

The UE shall:

1>
if measGapConfig is set to setup:
2>
if a measurement gap configuration is already setup, release the measurement gap configuration;

2>
setup the measurement gap configuration indicated by the measGapConfig in accordance with the supportedSgapPatternForInterFreq and supportedSgapPatternForDeactSCell as defined in 36.133  reported in the UE-EUTRA-Capability and the received gapOffset or sGapOffset, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition:

SFN mod T = FLOOR((s)gapOffset/10);

subframe = (s)gapOffset mod 10;

with T = MGRP/10 (for inter-frequency measurements) as defined in TS 36.133 [16] or measCycleSCell/10 (for deactivated SCell measurements);

1>
else:

2>
release the measurement gap configuration;

	The Next Change


–
MeasConfig
The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.

MeasConfig information element
-- ASN1START

MeasConfig ::=





SEQUENCE {


-- Measurement objects


measObjectToRemoveList



MeasObjectToRemoveList



OPTIONAL,
-- Need ON


measObjectToAddModList



MeasObjectToAddModList



OPTIONAL,
-- Need ON


-- Reporting configurations


reportConfigToRemoveList


ReportConfigToRemoveList


OPTIONAL,
-- Need ON


reportConfigToAddModList


ReportConfigToAddModList


OPTIONAL,
-- Need ON


-- Measurement identities


measIdToRemoveList




MeasIdToRemoveList




OPTIONAL,
-- Need ON


measIdToAddModList




MeasIdToAddModList




OPTIONAL,
-- Need ON


-- Other parameters


quantityConfig





QuantityConfig





OPTIONAL,
-- Need ON


measGapConfig





MeasGapConfig





OPTIONAL,
-- Cond
GAP-r8

s-Measure






RSRP-Range






OPTIONAL,
-- Need ON


preRegistrationInfoHRPD



PreRegistrationInfoHRPD



OPTIONAL, 
-- Need OP


speedStatePars


CHOICE {



release







NULL,



setup







SEQUENCE {




mobilityStateParameters



MobilityStateParameters,




timeToTrigger-SF




SpeedStateScaleFactors



}


}

















OPTIONAL,
-- Need ON


...,


[[
measObjectToAddModList-v9e0


MeasObjectToAddModList-v9e0

OPTIONAL
-- Need ON


]],


[[
measGapConfig-r12





MeasGapConfig-r12


OPTIONAL,
-- Cond
GAP-r10


]]
}

MeasIdToRemoveList ::=



SEQUENCE (SIZE (1..maxMeasId)) OF MeasId

MeasObjectToRemoveList ::=


SEQUENCE (SIZE (1..maxObjectId)) OF MeasObjectId

ReportConfigToRemoveList ::=

SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

-- ASN1STOP

	MeasConfig field descriptions

	measGapConfig

Used to setup and release measurement gaps.

	measObjectToAddModList

If E-UTRAN includes measObjectToAddModList-v9e0 it includes the same number of entries, and listed in the same order, as in measObjectToAddModList (i.e. without suffix).

	measIdToRemoveList

List of measurement identities to remove.

	measObjectToRemoveList

List of measurement objects to remove.

	PreRegistrationInfoHRPD
The CDMA2000 HRPD Pre-Registration Information tells the UE if it should pre-register with the CDMA2000 HRPD network and identifies the Pre-registration zone to the UE.

	reportConfigToRemoveList

List of measurement reporting configurations to remove.

	s-Measure

PCell quality threshold controlling whether or not the UE is required to perform measurements of intra-frequency, inter-frequency and inter-RAT neighbouring cells. Value “0” indicates to disable s-Measure.

	timeToTrigger-SF

The timeToTrigger in ReportConfigEUTRA and in ReportConfigInterRAT are multiplied with the scaling factor applicable for the UE’s speed state.


	Conditional presence
	Explanation

	GAP-r8
	The field is optionally present, need ON, if measGapConfig-r12 is absent. Otherwise the field is not present

	GAP-r10
	The field is optionally present, need ON, if measGapConfig is absent. Otherwise the field is not present


–
MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/ release of measurement gaps.

MeasGapConfig information element
-- ASN1START

MeasGapConfig ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),





gp1








INTEGER (0..79),





...



}


}

}

MeasGapConfig-r12 ::=



CHOICE {


release







NULL,


setup







CHOICE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),





gp1








INTEGER (0..79),





...



},



sGapOffset-r12






SEQUENCE {





forInterFreq-r12




CHOICE {







isgp40







INTEGER (0..39),







isgp80







INTEGER (0..79),







...





}




OPTIONAL,
-- Need OP




forDeactSCell-r12




INTEGER (0..1279)

OPTIONAL
-- Need OP


}


}

}
-- ASN1STOP

	MeasGapConfig field descriptions

	gapOffset

Value gapOffset of gp0 corresponds to gap offset of Gap Pattern Id “0” with MGRP = 40ms, gapOffset of gp1 corresponds to gap offset of Gap Pattern Id “1” with MGRP = 80ms. Also used to specify the measurement gap pattern to be applied, as defined in TS 36.133 [16].

	sGapOffset

A gap offset for small gap measurements as defined in TS 36.133 [16]. For inter-frequency measurements indicated by forInterFreq, value isgp40 corresponds to the GAP offset with MGRP = 40ms, and so on. For deactivated SCell measurements, value forDeactSCell corresponds to gap offset for the configured measCycleSCell. E-UTRAN shall not configure the gap offset value larger than the configured measCycleSCell.


	The Next Change


–
UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annexes B.1 and C.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.

UE-EUTRA-Capability information element
-- ASN1START

<<skip unchanged part>>

UE-EUTRA-Capability-v12xy-IEs ::=
SEQUENCE {


phyLayerParameters-v12xy


PhyLayerParameters-v12xy



OPTIONAL,


extended-RLC-LI-Field-r12


ENUMERATED {supported}




OPTIONAL,


measParameters-v12xy



MeasParameters-v12xy




OPTIONAL,

nonCriticalExtension



SEQUENCE {}







OPTIONAL

}

<<skip unchanged part>>

MeasParameters-v12xy ::=


SEQUENCE {


supportedSgapPatternForInterFreq-r12

INTEGER (0..63)

OPTIONAL,


supportedSgapPatternForDeactSCell-r12

INTEGER (0..1023)

OPTIONAL,


bandCombinationListEUTRA-r12


BandCombinationListEUTRA-r12

}

BandCombinationListEUTRA-r12 ::=
SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandInfoEUTRA-r12

BandInfoEUTRA ::=




SEQUENCE {


deactSCellNeedForSgaps



BOOLEAN

smallGapMeasBandList-r12


SmallGapMeasBandList-r12

}

SmallGapMeasBandList-r12 ::=

SEQUENCE (SIZE (1..maxBands)) OF SmallGapMeasBandInfo-r12

SmallGapMeasBandInfo-r12 ::=

SEQUENCE {


interFreqNeedForSgaps



BOOLEAN
}
<<skip unchanged part>>

-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	deactSCellNeedForSgaps

Indicates need for a small gap for deactivated SCell measurements on each supportedBandCombination.
	-

	interFreqNeedForSgaps

Indicates need for a small gap for inter-frequency measurements on each operating E-UTRA band in the supportedBandCombination.
	-

	smallGapMeasBandList

One entry corresponding to each supported E‑UTRA band listed in the same order as in supportedBandCombination.
	-

	supportedSgapForInterFreq
Indicates the supported small gap pattens for inter-frequency measurements as specified in TS 36.133 [16]. Value isgp0 corresponds to Small Gap Pattern Id “0” for inter-frequency measurements, and so on.
	-

	supportedSgapForDeactScell
Indicates the supported small gap pattens for deactivated SCell measurements as specified in TS 36.133 [16]. Value dsgp0 corresponds to Small Gap Pattern Id “0” for deactivated SCell measurements, and so on.
	-


	End of Changes
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