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1 Introduction
The work item “Heterogeneous networks mobility enhancements for LTE” has been approved for Rel-12. The purpose and objective of the work item is to consider “improving mobility performance in HetNets in single carrier or multicarrier environments (including non-CA and CA cases)” [1]. During the study item phase, it was shown that handover performance in heterogeneous network deployments is not as good as macro only deployments with respect to handover failures and ping-pongs. It was also observed that Mobility State Estimation (MSE) mechanism is not as accurate in heterogeneous network deployments as in macro only deployments.

In the RAN2#82 meeting in Fukuoka, RAN2 agreed that providing mobility information upon idle to connected transition is beneficial.
	Agreements
1
The UE shall provide mobility information to the network at RRC connection setup. The details (granularity, …) are FFS. 




In this paper we propose that a mobility information indicator is sent in the RRCConnectionSetupComplete message. The mobility information is retrieved using UEInformationRequest and UEInformationResponse message. Furthermore, we propose that the mobility information consists of a list of cell IDs and sojourn times.
2 Discussion
Based on the agreement at RAN2#82 that the UE shall provide mobility information to the network at RRC connection setup we believe there are two main open issues to settle; firstly how this mobility information shall be sent to the network and secondly how much information to send.

2.1 Transmission alternatives
One can design several ways to transmit the mobility information from the UE to the network. For reference we include Figure 5.3.3.1-1 from 36.331 [3] in Figure 1.
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Figure 1: RRC Connection establishment, successful (Figure 5.3.3.1-1 from 36.331[3]).

Since the information is passed from UE to EUTRAN one way is to extend the RRCConnectionRequest message or the RRCConnectionSetupComplete message. It is also possible to design a new RRC message. 
2.1.1 Extend RRCConnectionRequest
Extending the RRCConnectionRequest message would mean that the UE reports mobility information at RRC connection setup. Thus it satisfies the criterion in the agreement. However, it would significantly increase the size of an otherwise very small message and the network might reject the RRCConnectionRequest meaning that the mobility information was sent unnecessarily. 
2.1.2 Extend RRCConnectionSetupComplete
Extending the RRCConnectionSetupComplete message also satisfies the criterion in the agreement. This message has been extended several times since Release 8, and it should therefore be acceptable to extend it further. Since this message is sent after the RRCConnectionSetup message it is possible to have a solution where the eNB explicitly requests mobility information in the RRCConnectionSetup message. It is also possible for the UE to signal a flag in the RRCConnectionSetupComplete message that mobility information is available and have the eNB retrieve it later on, similar to what is done for RLF reporting. 
2.1.3 Design a new RRC message

It is of course also possible to design a completely new RRC message rather than extending existing ones. However, we think this alternative should only be adopted if the other solutions cannot be made to work, and since extending the existing RRC messages satisfy the criterion in the agreement, we do not think this a suitable alternative.

2.1.4 Conclusion

We think the existing RRC messages can be extended. In selecting between RRCConnectionRequest and RRCConnectionSetupComplete our preference is to extend RRCConnectionSetupComplete, since it is important to keep the size of RRCConnectionRequest low. Also, when the RRCConnectionSetupComplete message is sent, the connection request is granted, meaning that the mobility information will not be transmitted unnecessarily.

As mentioned previously there are various ways one can use the RRCConnectionSetupComplete message to transfer the mobility information to the network. We think a solution modelled on the way RLF reporting is done is beneficial for several reasons.

1.
It ensures that the mobility information is transmitted only when needed by the network.
2.
It does not add unnecessary size to the RRC connection establishment procedure.
The UE can signal that it has information about RLF in several messages, RRCConnectionReconfigurationComplete, RRCConnectionReestablishmentComplete, and RRCConnectionSetupComplete. For reporting of mobility information we think it is only necessary to indicate existence of such information in the RRCConnectionSetupComplete message since that message is used when the UE transitions from IDLE to CONNECTED mode. For retrieval of the actual mobility information we think the UE Information procedure can be used.
Proposal 1 The UE indicates availability of mobility information using the RRCConnectionSetupComplete message.
Proposal 2 The eNB requests the mobility information using the UEInformationRequest message.

Proposal 3 The UE sends the mobility information using the UEInformationResponse message.
2.2 Message content

The second open issue is what the mobility information actually consists of. The purpose of the mobility information is to enable the network to get an understanding of the mobility state of the UE, as early as possible from the transition to CONNECTED. Once in CONNECTED, the network can track the UE and count the number of handovers in the same way as the UE can, but while the UE is in IDLE mode, the network does not know when the UE performs cell reselections among the cells. The following solutions can be envisioned:
1.
The UE signals its mobility state

2.
The UE signals a list of cell IDs and time spent in each cell

2.2.1 Mobility state

This alternative means that the only mobility information the UE signals is its mobility state. The benefit of this solution is that the information transmitted is very small. The drawback is that in case the cells are of different size, as is the case in heterogeneous network deployments, the mobility state estimation process is positively biased when the density of the pico cells goes up[2]. With this solution the UE needs to run the MSE process during IDLE. 
2.2.2 A list of cell IDs and time spent in each cell
This alternative means that the mobility information consists of a list of cells and the time spent in each cell. The benefit of this solution is that the network, knowing the approximate size of each cell, can make a better estimation of the mobility state. The drawback is that the mobility information can be big, depending on the number of cells in the message.
2.2.3 Conclusion

We prefer the alternative with a list of cell IDs and the time spent in each cell. We think this solution provides the network with the opportunity to do a better estimation of the mobility state than the UE. With respect to the size and design of the list we think we can model the list based on the information element UE History Information which is used in S1 and X2[4]. That information element also contains a list of cell IDs and time spent in each cell. In that case the time is measured in seconds up to 4095, thus requiring 12 bits. With a 9 bit cell PhysCellId, each post in our list would consume 21 bits. UE History Information can contain up to 16 cells. In our case this would mean a maximum size of 336 bits, length information not included. We think this size can be acceptable.
Proposal 4 The mobility information consists of a list of up to 16 cell IDs and time spent in each cell.
3 Conclusion

Based on the proposals, we have included a text proposal illustrating the ASN.1 code corresponding to our proposed solution. Based on the discussion in section 2 we propose the following:
Proposal 1
The UE indicates availability of mobility information using the RRCConnectionSetupComplete message.
Proposal 2
The eNB requests the mobility information using the UEInformationRequest message.
Proposal 3
The UE sends the mobility information using the UEInformationResponse message.
Proposal 4
The mobility information consists of a list of up to 16 cell IDs and time spent in each cell.
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5 Annex A – Text proposal to TS 36.331
This section contains ASN.1 code to illustrate our proposal. It should be used as basis for discussion.
6.2.2
Message definitions

<SNIP>

–
RRCConnectionSetupComplete
The RRCConnectionSetupComplete message is used to confirm the successful completion of an RRC connection establishment.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {


selectedPLMN-Identity



INTEGER (1..maxPLMN-r11),


registeredMME





RegisteredMME





OPTIONAL,


dedicatedInfoNAS




DedicatedInfoNAS,


nonCriticalExtension



RRCConnectionSetupComplete-v8a0-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1020-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1020-IEs ::= SEQUENCE {


gummei-Type-r10





ENUMERATED {native, mapped}


OPTIONAL,


rlf-InfoAvailable-r10



ENUMERATED {true}




OPTIONAL,


logMeasAvailable-r10



ENUMERATED {true}




OPTIONAL,


rn-SubframeConfigReq-r10


ENUMERATED {required, notRequired}
OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1130-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1130-IEs ::= SEQUENCE {


connEstFailInfoAvailable-r11

ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v12xy-IEs
OPTIONAL

}
RRCConnectionSetupComplete-v12xy-IEd ::= SEQUENCE {


mobilityInformationAvailable-r12
ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}
RegisteredMME ::=




SEQUENCE {


plmn-Identity





PLMN-Identity





OPTIONAL,


mmegi







BIT STRING (SIZE (16)),


mmec







MMEC

}

-- ASN1STOP

	RRCConnectionSetupComplete field descriptions

	gummei-Type

This field is used to indicate whether the GUMMEI included is native (assigned by EPC) or mapped (from 2G/3G identifiers).

	mmegi

Provides the Group Identity of the registered MME within the PLMN, as provided by upper layers, see TS 23.003 [27].

	registeredMME

This field is used to transfer the GUMMEI of the MME where the UE is registered, as provided by upper layers.

	rn-SubframeConfigReq

If present, this field indicates that the connection establishment is for an RN and whether a subframe configuration is requested or not.

	selectedPLMN-Identity

Index of the PLMN selected by the UE from the plmn-IdentityList included in SIB1. 1 if the 1st PLMN is selected from the plmn-IdentityList included in SIB1, 2 if the 2nd PLMN is selected from the plmn-IdentityList included in SIB1 and so on.


<SNIP>

–
UEInformationRequest
The UEInformationRequest is the command used by E-UTRAN to retrieve information from the UE. 

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

UEInformationRequest message
-- ASN1START

UEInformationRequest-r9

::=



SEQUENCE {


rrc-TransactionIdentifier

RRC-TransactionIdentifier,


criticalExtensions



CHOICE {



c1







CHOICE {




ueInformationRequest-r9



UEInformationRequest-r9-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UEInformationRequest-r9-IEs ::=

SEQUENCE {


rach-ReportReq-r9




BOOLEAN,


rlf-ReportReq-r9




BOOLEAN,


nonCriticalExtension



UEInformationRequest-v930-IEs

OPTIONAL
-- Need OP

}

UEInformationRequest-v930-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,
-- Need OP


nonCriticalExtension



UEInformationRequest-v1020-IEs

OPTIONAL
-- Need OP

}

UEInformationRequest-v1020-IEs ::=
SEQUENCE {


logMeasReportReq-r10



ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



UEInformationRequest-v1130-IEs

OPTIONAL
-- Need OP

}

UEInformationRequest-v1130-IEs ::= SEQUENCE {


connEstFailReportReq-r11


ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



UEInformationRequest-v12xy-IEs

OPTIONAL
-- Need OP

}
UEInformationRequest-v12xy-IEs ::= SEQUENCE {


mobilityInformationReportReq-r12
ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP
-- ASN1STOP

	UEInformationRequest field descriptions

	rach-ReportReq

This field is used to indicate whether the UE shall report information about the random access procedure.


–
UEInformationResponse
The UEInformationResponse message is used by the UE to transfer the information requested by the E-UTRAN.

Signalling radio bearer: SRB1 or SRB2 (when logged measurement information is included)

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E-UTRAN

UEInformationResponse message
-- ASN1START

UEInformationResponse-r9
::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1







CHOICE {




ueInformationResponse-r9



UEInformationResponse-r9-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture



SEQUENCE {}


}

}

UEInformationResponse-r9-IEs ::=

SEQUENCE {


rach-Report-r9






SEQUENCE {



numberOfPreamblesSent-r9



NumberOfPreamblesSent-r11,



contentionDetected-r9




BOOLEAN


}















OPTIONAL,


rlf-Report-r9






RLF-Report-r9


OPTIONAL,

nonCriticalExtension




UEInformationResponse-v930-IEs



OPTIONAL

}

-- Late non critical extensions

UEInformationResponse-v9e0-IEs ::= SEQUENCE {


rlf-Report-v9e0





RLF-Report-v9e0




OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

-- Regular non critical extensions

UEInformationResponse-v930-IEs ::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING UEInformationResponse-v9e0-IEs)
OPTIONAL,


nonCriticalExtension



UEInformationResponse-v1020-IEs

OPTIONAL

}

UEInformationResponse-v1020-IEs ::= SEQUENCE {


logMeasReport-r10




LogMeasReport-r10



OPTIONAL,


nonCriticalExtension



UEInformationResponse-v1130-IEs

OPTIONAL

}

UEInformationResponse-v1130-IEs ::= SEQUENCE {


connEstFailReport-r11



ConnEstFailReport-r11


OPTIONAL,


nonCriticalExtension



UEInformationResponse-v12xy-IEs
OPTIONAL

}
UEInformationResponse-v12xy-IEs ::= SEQUENCE {


mobilityInformationReport-r12

MobilityInformationReport-r12
OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL
}
RLF-Report-r9 ::= 




SEQUENCE {


measResultLastServCell-r9



SEQUENCE {



rsrpResult-r9






RSRP-Range,



rsrqResult-r9






RSRQ-Range


OPTIONAL


},


measResultNeighCells-r9



SEQUENCE {



measResultListEUTRA-r9



MeasResultList2EUTRA-r9


OPTIONAL,



measResultListUTRA-r9



MeasResultList2UTRA-r9


OPTIONAL,



measResultListGERAN-r9



MeasResultListGERAN



OPTIONAL,



measResultsCDMA2000-r9



MeasResultList2CDMA2000-r9

OPTIONAL


}
OPTIONAL,


...,


[[
locationInfo-r10



LocationInfo-r10

OPTIONAL,



failedPCellId-r10





CHOICE {




cellGlobalId-r10





CellGlobalIdEUTRA,




pci-arfcn-r10






SEQUENCE {





physCellId-r10






PhysCellId,





carrierFreq-r10






ARFCN-ValueEUTRA




}



}















OPTIONAL,



reestablishmentCellId-r10

CellGlobalIdEUTRA



OPTIONAL,



timeConnFailure-r10



INTEGER (0..1023)



OPTIONAL,



connectionFailureType-r10

ENUMERATED {rlf, hof}


OPTIONAL,



previousPCellId-r10



CellGlobalIdEUTRA



OPTIONAL


]],


[[
failedPCellId-v1090



SEQUENCE {




carrierFreq-v1090



ARFCN-ValueEUTRA-v9e0



}















OPTIONAL


]],


[[
basicFields-r11




SEQUENCE {




c-RNTI-r11





C-RNTI,




rlf-Cause-r11




ENUMERATED {













t310-Expiry, randomAccessProblem,













rlc-MaxNumRetx, spare1},




timeSinceFailure-r11


TimeSinceFailure-r11



}















OPTIONAL,



previousUTRA-CellId-r11


SEQUENCE {




carrierFreq-r11




ARFCN-ValueUTRA,




physCellId-r11




CHOICE {





fdd-r11






PhysCellIdUTRA-FDD,





tdd-r11






PhysCellIdUTRA-TDD




},




cellGlobalId-r11



CellGlobalIdUTRA


OPTIONAL



}















OPTIONAL,



selectedUTRA-CellId-r11


SEQUENCE {




carrierFreq-r11




ARFCN-ValueUTRA,




physCellId-r11




CHOICE {





fdd-r11






PhysCellIdUTRA-FDD,





tdd-r11






PhysCellIdUTRA-TDD




}



}















OPTIONAL


]]

}
RLF-Report-v9e0 ::= 



SEQUENCE {


measResultListEUTRA-v9e0


MeasResultList2EUTRA-v9e0

}

MeasResultList2EUTRA-r9 ::=



SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-r9

MeasResultList2EUTRA-v9e0 ::=


SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-v9e0

MeasResult2EUTRA-r9 ::=



SEQUENCE {


carrierFreq-r9





ARFCN-ValueEUTRA,


measResultList-r9




MeasResultListEUTRA

}

MeasResult2EUTRA-v9e0 ::=



SEQUENCE {


carrierFreq-v9e0





ARFCN-ValueEUTRA-v9e0

OPTIONAL
}

MeasResultList2UTRA-r9 ::=


SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2UTRA-r9

MeasResult2UTRA-r9 ::=



SEQUENCE {


carrierFreq-r9





ARFCN-ValueUTRA,


measResultList-r9




MeasResultListUTRA

}

MeasResultList2CDMA2000-r9 ::=

SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2CDMA2000-r9

MeasResult2CDMA2000-r9 ::= 


SEQUENCE {


carrierFreq-r9





CarrierFreqCDMA2000,


measResultList-r9




MeasResultsCDMA2000

}

LogMeasReport-r10 ::= 



SEQUENCE {


absoluteTimeStamp-r10



AbsoluteTimeInfo-r10,


traceReference-r10




TraceReference-r10,


traceRecordingSessionRef-r10

OCTET STRING (SIZE (2)),


tce-Id-r10






OCTET STRING (SIZE (1)),


logMeasInfoList-r10




LogMeasInfoList-r10,


logMeasAvailable-r10



ENUMERATED {true}



OPTIONAL,

...

}

LogMeasInfoList-r10 ::= 

SEQUENCE (SIZE (1..maxLogMeasReport-r10)) OF LogMeasInfo-r10
LogMeasInfo-r10 ::= 

SEQUENCE {


locationInfo-r10




LocationInfo-r10

OPTIONAL,


relativeTimeStamp-r10



INTEGER (0..7200),


servCellIdentity-r10



CellGlobalIdEUTRA,


measResultServCell-r10



SEQUENCE {



rsrpResult-r10





RSRP-Range,



rsrqResult-r10





RSRQ-Range


},


measResultNeighCells-r10


SEQUENCE {



measResultListEUTRA-r10



MeasResultList2EUTRA-r9

OPTIONAL,



measResultListUTRA-r10



MeasResultList2UTRA-r9

OPTIONAL,



measResultListGERAN-r10



MeasResultList2GERAN-r10
OPTIONAL,



measResultListCDMA2000-r10


MeasResultList2CDMA2000-r9
OPTIONAL


}
OPTIONAL,


...,


[[
measResultListEUTRA-v1090


MeasResultList2EUTRA-v9e0
OPTIONAL


]]

}

MeasResultList2GERAN-r10 ::=


SEQUENCE (SIZE (1..maxCellListGERAN)) OF MeasResultListGERAN

ConnEstFailReport-r11 ::= 



SEQUENCE {


failedCellId-r11




CellGlobalIdEUTRA,


locationInfo-r11




LocationInfo-r10



OPTIONAL,


measResultFailedCell-r11



SEQUENCE {



rsrpResult-r11






RSRP-Range,



rsrqResult-r11






RSRQ-Range



OPTIONAL


},


measResultNeighCells-r11



SEQUENCE {



measResultListEUTRA-r11



MeasResultList2EUTRA-r9


OPTIONAL,



measResultListUTRA-r11



MeasResultList2UTRA-r9


OPTIONAL,



measResultListGERAN-r11



MeasResultListGERAN



OPTIONAL,



measResultsCDMA2000-r11



MeasResultList2CDMA2000-r9

OPTIONAL


}
OPTIONAL,


numberOfPreamblesSent-r11


NumberOfPreamblesSent-r11,


contentionDetected-r11



BOOLEAN,


maxTxPowerReached-r11



BOOLEAN,


timeSinceFailure-r11



TimeSinceFailure-r11,


measResultListEUTRA-v1130


MeasResultList2EUTRA-v9e0

OPTIONAL,


...

}
NumberOfPreamblesSent-r11::=


INTEGER (1..200)

TimeSinceFailure-r11 ::=



INTEGER (0..172800)
MobilityInformationReport-r12 ::=

SEQUENCE (SIZE (1..maxCellMobilityInfo-r12)) OF MobilityInformation-r12

MobilityInformation-r12 ::=



SEQUENCE {


idleCellId-r12






PhysCellId,


timeSpentInCell-r12





INTEGER (1..4096)

}
-- ASN1STOP

	UEInformationResponse field descriptions

	absoluteTimeStamp

Indicates the absolute time when the logged measurement configuration logging is provided, as indicated by E-UTRAN within absoluteTimeInfo.

	carrierFreq

In case the UE includes carrierFreq-v9e0 and/ or carrierFreq-v1090, the UE shall set the corresponding entry of carrierFreq-r9 and/ or carrierFreq-r10 respectively to maxEARFCN.

	connectionFailureType

This field is used to indicate whether the connection failure is due to radio link failure or handover failure.

	contentionDetected

This field is used to indicate that contention was detected for at least one of the transmitted preambles, see TS 36.321 [6]. 

	c-RNTI

This field indicates the C-RNTI used in the PCell upon detecting radio link failure or the C-RNTI used in the source PCell upon handover failure.

	failedCellId

This field is used to indicate the cell in which connection establishment failed.

	failedPCellId

This field is used to indicate the PCell in which RLF is detected or the target PCell of the failed handover.

	maxTxPowerReached

This field is used to indicate whether or not the maximum power level was used for the last transmitted preamble, see TS 36.321 [6].

	measResultFailedCell

This field refers to the last measurement results taken in the cell, where connection establishment failure happened.

	measResultLastServCell

This field refers to the last measurement results taken in the PCell, where radio link failure happened.

	measResultListEUTRA

If measResultListEUTRA-v9e0, measResultListEUTRA-v1090 or measResultListEUTRA-v1130 is included, the UE shall include the same number of entries, and listed in the same order, as in measResultListEUTRA-r9, measResultListEUTRA-r10 and/ or measResultListEUTRA-r11 respectively.

	numberOfPreamblesSent

This field is used to indicate the number of RACH preambles that were transmitted. Corresponds to parameter PREAMBLE_TRANSMISSION_COUNTER in TS 36.321 [6].

	previousPCellId

This field is used to indicate the source PCell of the last handover (source PCell when the last RRC-Connection-Reconfiguration message including mobilityControlInfowas received).

	previousUTRA-CellId

This field is used to indicate the source UTRA cell of the last successful handover to E-UTRAN, when RLF occurred at the target PCell.

	reestablishmentCellId

This field is used to indicate the cell in which the re-establishment attempt was made after connection failure.

	relativeTimeStamp

Indicates the time of logging measurement results, measured relative to the absoluteTimeStamp. Value in seconds.

	rlf-Cause

This field is used to indicate the cause of the last radio link failure that was detected.

	selectedUTRA-CellId

This field is used to indicate the UTRA cell that the UE selects after RLF is detected, while T311 is running.

	tce-Id

Parameter Trace Collection Entity Id: See TS 32.422 [58].

	timeConnFailure

This field is used to indicate the time elapsed since the last HO initialization until connection failure. Actual value = IE value * 100ms. The maximum value 1023 means 102.3s or longer.

	timeSinceFailure

This field is used to indicate the time that elapsed since the connection (establishment) failure. Value in seconds.

	traceRecordingSessionRef

Parameter Trace Recording Session Reference: See TS 32.422 [58].
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