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1 Introduction

This paper addresses inter-RAT mobility aiming to resolve the remaing outstanding issues. For the mobility from E-UTRA procedure, this paper proposes to cover all failure cases defined in legacy specifications and to introduce the inter-RAT parameters required for CCO with minimum specification. Furthermore, the proposal is not to introduce a separate IE for the drb-ToRelease. A similar approach is proposed for the handover to E-UTRA.

2 Discussion
2.1 General principles
In previous RAN2 meeting a number of general principles for the inter-RAT mobility procedures were assumed:
· It seems desirable that the UE operates a timer to covering search of the target cell and the subsequent connection establishment – reflecting also how long the UE can revert back to the previous configuration

· When reverting back to E-UTRA re-establishment is used (i.e. no reverting to the previous physical configuration)
· The criteria for success/ failure of the establishment of the connection to the target should be included in the specifications for the target RAT
· The actions to be performed upon failure to establish the connection to the target should be included in the specifications for the source RAT

Analysis of legacy specifications shows that the above principles are hardly applied. Also the procedures are not specified in a very consistent manner e.g.
· Only for CCO from UTRAN the UE operates a supervisory timer

· For CCO, 25.331 specifies the criteria for succesful connection in the target GERAN

· The failure cases that are specified differ from case to case
Considerations:

· Although legacy specifications may constrain the inter-RAT procedures in 36.331 (i.e. we should avoid inconsistencies and redundancies), legacy should not hinder proper specification of the procedures in 36.331

· It is felt desirable to apply the guidelines discussed in the past as much as possible

· The following error cases should be covered: a) unable to comply with HO message, b) unable find and/ or establish connection to target cell (but not: c) invalid HO message i.e. protocol error (applicable only for mobility to other RATs)
Proposal 1
Specify inter-RAT procedures in 36.331 accordance with the following general principles:

· the UE operates a timer to covering search of the target cell and the subsequent connection establishment – reflecting also how long the UE can revert back to the previous configuration

· Applicable for mobility from E-UTRA (already covered, T304)

Note
We may consider adding a statement that the UE is not required to abort an ongoing connection establismentment procedure upon T304 expiry

· The criteria for success/ failure of the establishment of the connection to the target should be included in the specifications for the target RAT

· Applicable for handover to E-UTRA (already covered)
· The actions to be performed upon failure to establish the connection to the target should be included in the specifications for the source RAT and should cover the following cases: a) unable to comply with HO message, b) unable find and/ or establish connection to target cell 
· Applicable for mobility from E-UTRA (already covered)
In the following, some more detailed issues are discussed.

2.2 Mobility from E-UTRA

Need for a failure message

For handover within E-UTRA it was agreed to define a failure message, firstly because failure to connect to the target cell was considered to be a normal error scenario (i.e. other than a network implementation error). The same consideration applies for the mobility from E-UTRA procedure. What are the potential benetis of such a failure message:

· The failure message could include protocol error information, preventing similar errors in future

· The message notifies the source eNB early about the handover failure i.e. prior to expiry of T304. E.g. in case the UE is unable to comply with the ‘handover command’

Regarding the first point: some target RATs specify that the UE should provide a response message in case of failure.

· UMTS: UE shall provide an RRC_FAILURE message including protocol error information if allowed by the source RAT
· GERAN: UE returns a HANDOVER FAILURE message
However, in our understanding, legacy networks do not support the transfer of the failure message from the source RAN node to the target RAN node. 

The second reason seems valid i.e. expedited action from the source eNB may reduce call drop rates. Although these cases can be regarded a network errors, we agreed a similar failure handling for the reconfiguration/ handover within E-UTRA. In the concerned cases the UE applies the re-establishment procedure, which seems appropriate upon inter-RAT failures also.
Proposal 2
Do not introduce a MobilityFromEUTRA-Failure message in 36.331, but apply the re-establishment procedure in all failure cases
Handling of bearers e.g. re-mapping, indication of bearers to be released

The HANDOVER FROM UTRAN COMMAND message, as specified in 25.331, includes the IE "RAB information List" which specifies the (subset of) the RABs that the UE should re-connect upon handover completion. It is clear that since not all DRBs may survive the handover, a similar functionality is needed for E-UTRA. The function can be provided in different manners:

· By means of an IE in the E-UTRA message

· By means of an IE included within the inter RAT message

It seems desirable for the source eNB to be aware of which DRBs are release (i.e. no need to do data forwarding), which suggests the first approach. On the other hand, it is expected that the inter RAT message already includes means to release RABs. It is assumed that the source eNB can be informed otherwise i.e. using S1-parameters.
Proposal 3
Do not introduce an IE drb-ToRelease within the MobilityFromEUTRA-Command message in 36.331

Cell change order

In the last meeting it was agreed to revert the decision regarding how to model the case of cell change order. The agreement implies the following:

· Introduction of a number of IEs: targetCell (frequency, bandIndicator, BSIC), ncMode, up to 8 octet strings of up to 23 octets each (containing either SI or PSI blocks)
· The corresponding procedural specification

Note
For this case, it is not applicable to include drb-ToRelease (i.e. all DRBs are released and new bearers are established upon connection establishment in the target RAT)

Our preference is to minimise the procedural specification for other RATs apects i.e. for ncMode and (P)SI, presumably we need not say anything more than ‘act in accordance with the specifications of the other RAT in case of presence/ absence’

Proposal 4
Minimise the specification related to GERAN IEs in 36.331

Handover to E-UTRA
Need for a failure message
In accordance with the discussion regarding point 2 in the previous section, we see no need to introduce a reconfiguration failure message in E-UTRA (i.e. any information included will not reach the target eNB). The failure handling procedure defined in the specifications defined for the other RAT apply.

Proposal 5
The UE does not return a reconfiguration failure message upon failing to perform handover to E-UTRA (for any failure case). The procedures defined in the specifications defined for the source RAT apply (no change)
The RRCConnectionReconfiguration message includes the option to release a subset of the DRBs. Furthermore, it is desirable to apply the same approach in both directions.

Proposal 6
Apply the drb-ToRelease within the RRCConnectionReconfiguration message to indicate which DRBs should be released upon HO (no change)
3 Conclusion & recommendation
This paper includes the following proposals, that RAN2 is requested to conclude:

Proposal 1
Specify inter-RAT procedures in 36.331 accordance with a number of general principles (no change required)

Proposal 2
Do not introduce a MobilityFromEUTRA-Failure message in 36.331, but apply the re-establishment procedure in all failure cases

Proposal 3
Do not introduce an IE drb-ToRelease within the MobilityFromEUTRA-Command message in 36.331

Proposal 4
Minimise the specification related to GERAN IEs in 36.331

Proposal 5
The UE does not return a reconfiguration failure message upon failing to perform handover to E-UTRA (for any failure case). The procedures defined in the specifications defined for the source RAT apply (no change required)

Proposal 6
Apply the drb-ToRelease within the RRCConnectionReconfiguration message to indicate which DRBs should be released upon HO (no change required)
A corresponding text proposal is attached.
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5 Review of current status (Annex)
The following table provides an overview of the supervision and failure handling in source and target for the different handover cases.

	Scenario
	Source
	Target
	Comment

	HO GERAN to UTRAN
	(GERAN A/ Gb, HO: 44:018)

Neither time supervision for search of target cell nor for connection establishment (other than part of normal establishment procedures). Note: BSC operates time T3121

Whenever a HO failure occurs (not supported frequency, unavailable preconfiguration), UE returns a failure message and resumes previous operation
(GERAN Iu, HO: 44.118)

Neither time supervision for search of target cell nor for connection establishment (other than part of normal establishment procedures)
Whenever a HO failure occurs (no details provided), UE returns to the source cell/ configuration, returns a failure message and resumes previous operation

(GERAN, PS HO: 44.060)

UE applies T3218 to supervise search & connection to target cell???
Whenever a PS HO failure occurs (no details provided), UE returns to the source cell/ configuration and resumes previous operation
	(UTRA)

Neither time supervision for search of target cell nor for connection establishment (other than part of normal establishment procedures i.e. sync A procedure)

Failure cases specified: a) invalid HO command message, b) not supported configuration, c) unable to establish UTRA connection. In case of a) & c) UE returns to previous cell/ configuration, in case of b nothing is specified other than: see source RAT specificatons
	

	CCO GERAN to UTRAN
	(GERAN)


	(UTRAN)

Neither time supervision for search of target cell nor for connection establishment (other than part of normal establishment procedures)
Failure cases specified: a) unable to find target cell. In case of a) UE ‘returns to previous RAT without moving to UE controlled mobility’
	

	HO UTRAN to GERAN
	(UTRA)

Neither time supervision for search of target cell nor for connection establishment (other than part of normal establishment procedures)
Failure cases specified: a) invalid HO command message, b) not supported configuration, c) unable to establish UTRA connection. In case of c) UE attempts to return to previous cell/ configuration (cell update upon failure) upon which it returns a failure message, in case of a) & b) UE returns a failure message and resumes (as if the message was not received)
	(GERAN A/ Gb, HO: 44.018 <regular HO?>)
Neither time supervision for search of target cell nor for connection establishment (other than part of normal establishment procedures). Note: BSC operates time T3103 (normal HO procedure)

Whenever a HO failure occurs (frequency or configuration not supported), UE returns a failure message and resumes previous operation
(GERAN Iu, HO: 44.118)
Neither time supervision for search of target cell nor for connection establishment (other than part of normal establishment procedures)
Whenever a HO failure occurs (invalid or incompatible message, physical channel failure), UE returns to the source cell/ configuration, returns a failure message and resumes previous operation


	

	CCO UTRAN to GERAN
	(UTRA)

T309 is used to supervise search of target cell and the subsequent establishment of the connection in the target cell.
Failure cases specified: a) invalid HO command message, b) not supported configuration, c) unable to establish UTRA connection (T309 expiry or failure of connection establishment). In case of c) UE attempts to return to previous cell/ configuration (cell update upon failure) upon which it returns a failure message, in case of a) & b) UE returns a failure message and resumes (as if the message was not received)
	(GERAN, CCO: xx)


	


6 Text proposal (Annex)
Start of 1st modification (to be done, after spec becomes available):
5.4
Inter-RAT mobility

5.4.1
Introduction

The general principles of connected mode mobility are described in 5.3.1.3. In case of mobility to CDMA2000, the eNB decides when to move to the other RAT while the target RAT determines to which cell the UE shall move.

For inter RAT mobility from E-UTRA a single procedure is defined that supports both handover and cell change order possibly with network assistance (NACC).

The general principles of the security handling upon connected mode mobility are described in 5.3.1.2.

NOTE
The E-UTRA procedures are based on the assumption that handover to E-UTRA is performed only after integrity protection has been activated in UTRAN

5.4.2
Handover to E-UTRA

5.4.2.1
General

Editor's note:
It may be desirable to avoid, to some extend, duplication of specification for parts that are common for the regular RRC connection reconfiguration procedure and the inter RAT handover case.
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Figure 5.4.2.1-1: Handover to E-UTRA, successful

The purpose of this procedure is to, under the control of the network, transfer a connection between the UE and another Radio Access Network (e.g. GERAN or UTRAN) to E-UTRAN.

The handover to E-UTRA procedure applies when SRBs, possibly in combination with DRBs, are established in another RAT. Handover from UTRAN to E-UTRAN applies only after integrity has been activated in UTRAN.

5.4.2.2
Initiation

The RAN using another RAT initiates the Handover to E-UTRA procedure, in accordance with the specifications applicable for the other RAT, by sending the RRCConnectionReconfiguration message via the radio access technology from which the inter-RAT handover is performed.

E-UTRAN applies the procedure as follows:

-
to activate ciphering, possibly using NULL algorithm, if not yet activated in the other RAT;

-
to establish SRB1, SRB2 and one or more DRBs i.e. at least the DRB associated with the default EPS bearer is established;


5.4.2.3
Reception of the RRCConnectionReconfiguration by the UE

If the UE is able to comply with the configuration included in the RRCConnectionReconfiguration message, the UE shall:

1>
start timer T304 with the timer value set to t304, as included in the mobilityControlInformation;

1>
perform the Radio resource configuration procedure as specified in 5.3.10;
1>
set the C-RNTI to the value of the newUE-Identity;

1>
consider the target cell to be one on the frequency indicated by the eutra-CarrierFreq with a physical cell identity indicated by the targetCellIdentity;

1>
for the target cell, apply the downlink bandwidth indicated by the dl-Bandwidth;

1>
for the target cell, apply the uplink bandwidth indicated by the ul-Bandwidth;

Editor's note:
It is FFS if a keyIndicator is used to indicate if the UE shall apply the AS-derived keys associated either with the last used or an unused/ cached Kasme;

1>
configure lower layers to apply the indicated integrity protection algorithm immediately, i.e. the indicated integrity protection configuration shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

1>
configure lower layers to apply the indicated ciphering algorithm immediately, i.e. the indicated ciphering configuration shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

1>
If the RRCConnectionReconfiguration message includes the measurementConfiguration:

2>
perform the Measurement configuration procedure as specified in 5.5.2;

1>
synchronise to the DL of the target cell;
1>
submit the RRCConnectionReconfigurationComplete message to lower layers for transmission using the new configuration;

1>
If MAC successfully completes the random access procedure: 

2>
stop timer T304;

2>
If the physicalConfigDedicated is included in the RRCConnectionReconfiguration message:

3>
If the UE needs the SFN of the target cell to apply the PUCCH and Sounding RS configuration:

4>
apply the new PUCCH and Sounding RS configuration upon acquiring the SFN of the target cell;

3>
else:
4>
apply the new PUCCH and Sounding RS configuration;

2>
enter E-UTRA RRC_CONNECTED, upon which the procedure ends.



Editor's note:
The handling of outstanding signalling/ data may need to be clarified.


5.4.2.4
Reconfiguration failure

The UE shall:

1>
If the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message: 

2>
perform the actions defined for this failure case as defined in the specifications applicable for the other RAT;

NOTE:
If the UE is unable to comply with part of the configuration, it does not apply any part of the configuration i.e. there is no partial success/ failure.

5.4.2.5
T304 expiry (handover to E-UTRA failure)

The UE shall:

1>
Upon T304 expiry (handover to E-UTRA failure): 

2>
reset MAC;

2>
perform the actions defined for this failure case as defined in the specifications applicable for the other RAT;

5.4.3
Mobility from E-UTRA

5.4.3.1
General
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Figure 5.4.3.1-1: Mobility from E-UTRA, successful

The purpose of this procedure is to move a UE in RRC_CONNECTED to a cell using another Radio Access Technology (RAT), e.g. GERAN, UTRA or CDMA2000 systems. The mobility from E-UTRA procedure covers both:

-
handover, i.e. the MobilityFromEUTRACommand message includes radio resources that have been allocated for the UE in the target cell and

-
cell change order, i.e. the MobilityFromEUTRACommand message may include information facilitating access of and/ or connection establishment in the target cell, e.g. system information. Cell change order is applicable only to GERAN.

The mobility from E-UTRA procedure applies when SRBs are established, possibly in combination with DRBs.

5.4.3.2
Initiation

E-UTRAN initiates the mobility from E-UTRA procedure to a UE in RRC_CONNECTED, possibly in response to a MeasurementReport message by sending a MobilityFromEUTRACommand message. E-UTRA initiates the procedure only when security has been activated.

5.4.3.3
Reception of the MobilityFromEUTRACommand by the UE

The UE shall:

1>
stop timer T310 and T312, if running

1>
start timer T304 with the timer value set to t304, as included in the MobilityFromEUTRACommand message;

1> consider inter-RAT mobility is initiated towards the RAT indicated by the targetRAT-Type included in the MobilityFromEUTRACommand message;

1>
If procedure as included in the MobilityFromEUTRACommand messageis set to ‘handover’:

2>
access the target cell indicated in the inter-RAT message contained in the targetRAT-MessageContainer in accordance with the specifications of the target RAT;


1>
else (procedure as included in the MobilityFromEUTRACommand message is set to ‘cellChangeOrder’):

2>
establish the connection to the target cell indicated by the cellIdentity as included in the CellChangeOrderInfo  in accordance with the specifications of the target RAT in case of absence/ presence of the inter-RAT parameters included in the message (i.e. networkControlOrder, si and psi);

5.4.3.4
Successful completion of the mobility from E-UTRA

Upon successfully completing the handover or the cell change order, the UE shall:

1>
perform the actions applicable upon moving from RRC_CONNECTED to RRC_IDLE as specified in 5.3.12.

5.4.3.5
Mobility from E-UTRA failure

The UE shall:

1>
If T304 expires (mobility from E-UTRA failure); or

1>
If the UE does not succeed in establishing the connection to the target radio access technology; or
1>
If the UE is unable to comply with (part of) the configuration to be used in the target RAT, as included in the MobilityFromEUTRACommand message; or 

1>
If there is a protocol error in the inter RAT information included in the MobilityFromEUTRACommand message, causing the UE to fail the procedure according to the specifications applicable for the target RAT: 

2>
If the MobilityFromEUTRACommand message included the csFallbackIndicator:

3>
 indicate to upper layers that the CS Fallback procedure has failed;

2>
revert back to the configuration used in the source cell, excluding the physical layer configuration;

NOTE:
The UE reverts to the RRC configuration as well as to the layer 2 configuration (PDCP/RLC/MAC) used in the source cell.

2>
initiate the connection re-establishment procedure as specified in 5.3.7.

<Cut until the next modified section>
6.2.2
Message definitions

–
MobilityFromEUTRACommand
The MobilityFromEUTRACommand message is used to command handover or a cell change from E‑UTRA to another RAT (3GPP or non-3GPP).

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

MobilityFromEUTRACommand message
-- ASN1START

MobilityFromEUTRACommand ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




mobilityFromEUTRACommand-r8


MobilityFromEUTRACommand-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensions




SEQUENCE {}


}

}

MobilityFromEUTRACommand-r8-IEs ::=
SEQUENCE {


t304







ENUMERATED {












ms100, ms200, ms500, ms1000,












ms2000, ms4000, ms8000, spare},






csFallbackIndicator




ENUMERATED {true}




OPTIONAL,
-- Need OP

procedure






CHOICE {



handover






HandoverInfo,



cellChangeOrder





CellChangeOrderInfo


},

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

HandoverInfo ::=




SEQUENCE {

targetRAT-Type





ENUMERATED {












utra, geran, cdma2000-1XRTT, cdma2000-HRPD, spare4,












spare3, spare2, spare1, ...},


targetRAT-MessageContainer


OCTET STRING

}

CellChangeOrderInfo ::=



SEQUENCE {

targetRAT-Type





CHOICE {


geran








SEQUENCE {




cellIdentity






GERAN-CellIdentity,




carrierFreq







GERAN-CarrierFreq,




networkControlOrder





BIT STRING (SIZE (2)) 


OPTIONAL,
-- Need OP



systemInformation





CHOICE {





si









GERAN-SystemInformation,





psi









GERAN-SystemInformation




} 

















OPTIONAL,
-- Need OP


},



...


}

}

GERAN-SystemInformation ::=


SEQUENCE (1..8) OF











OCTET STRING (SIZE (1..23))

-- ASN1STOP

	MobilityFromEUTRACommand field descriptions

	t304

Timer T304 as described in section 7.3. Value ms100 corresponds with 100 ms, ms200 corresponds with 200 ms and so on.

	csFallbackIndicator

Indicates that the CS Fallback procedure is triggered.

	targetRAT-Type

Indicates the target RAT type.

	targetRAT-MessageContainer

Used to carry messages corresponding to specifications from the target RAT.

	


	cellIdentity
Identifies the target cell for the Cell Change Order within the scope of the target carrier frequency.

	carrierFreq

Indicates the target carrier frequency for the Cell Change Order

	networkControlOrder
Indicates the mode the UE shall apply in the target cell, as specified in TS 44.060 [36].

	(p)si
System information, as aspecified in TS 44.060 [36]. The first octet contains octet 1 of the GERAN system information block, the second octet contains octet 2 of the GERAN system information block and so on.


6.3.4
Mobility control information elements

–
GERAN-CellIdentity
The IE GERAN-CellIdentity is used %% 

GERAN-CellIdentity information element
-- ASN1START

GERAN-CellIdentity ::=



SEQUENCE {



networkColourCode





BIT STRING (SIZE (3)),

baseStationColourCode




BIT STRING (SIZE (3))
}

-- ASN1STOP

	GERAN-CellIdentity field descriptions

	%fieldIdentifier%
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