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1
Introduction
Following discussions during RAN3#68, standardised methods for detection and prevention of connection failures at handover from LTE to UMTS/GSM have high priority. This paper discusses related impacts in the standard, with particular focus on inter-RAT signalling.
2
RLF use-cases linked to inter-RAT mobility
Analysis of RLF use-cases for RLF in inter-RAT environment was provided in contributions to RAN3#68, e.g. [1]. 

Such analysis is complex because the UE behaviour is determined both by radio conditions as well as the actions (handover) initiated by the network.
· RLF failure may happen before handover, during handover or within a definite amount of time after successful handover.
· RAT and frequency for UE reconnection will depend on the network topology / radio conditions. RAN2/GERAN2 expertise may be needed to clarify scenarios for UE reconnection to the network after failure, and cases where the UE establishes a new RRC connection from idle mode.
From a network point of view, it seems at current stage reasonable to perform analysis of RLF scenarios during inter-RAT mobility using the following working assumptions:
· Scenarios where the UE establishes a new RRC connection from idle mode must be supported. The UE must then provide necessary information for identification of the RAT and cell where it was connected when it lost its connection. Information permitting identification of the UE in the reported last serving cell (CRNTI) must also be provided.
· Whether the UE reestablishes the RRC connection from connected mode, or creates a new RRC connection from idle mode, doesn't impact the MRO signalling between the network nodes.

· The UE will not report information linked to the scenario, e.g. whether there was an on-going or recent handover procedure, or whether the reported cell was the source cell or the target cell of such procedure.  
· UE measurements performed before RLF, reported by the UE to the network, may be used by the network to clarify if the RLF was due to coverage hole in source RAT and/or target RAT. (It is to be clarified in Rel-10 whether this information may be reported by the UE in case of RRC establishment from idle mode).
Proposal 1: RAN3 is kindly requested to discuss and agree upon the working assumptions listed above, and prepare sending of LSs to RAN2 where needed.
Based on these assumptions we consider the information in Table 1 to provide sufficient discrimination of the use-cases for analysis of needed signalling between network nodes. The table is limited to failure scenarios linked to handover from LTE to UMTS. Other handover scenarios (LTE to GSM, UMTS to LTE, GSM to LTE) may be analysed using the same approach.
	#
	Precondition
	Reconnection RAT
	Reconnection cell / frequency
	Expected diagnosis

	A1
	LTE->UMTS HO
	LTE
	Source cell
	Too early handover

	A2
	LTE->UMTS HO
	LTE
	Other cell in different eNB. Source frequency or other frequency.
	Handover to wrong cell / wrong RAT

	A3
	LTE->UMTS HO
	UMTS
	Target cell
	Too late handover, or coverage hole

	A4
	LTE->UMTS HO
	UMTS
	Other cell. Target frequency or other frequency.
	Handover to wrong cell / correct RAT

	A5
	LTE->UMTS HO
	GSM
	Any cell
	Handover to wrong cell / wrong RAT

	A6
	UE served by LTE, HO not initiated
	UMTS
	Any cell
	Too late handover (to UTRAN), or coverage hole

	A7
	UE served by LTE, HO not initiated
	GSM
	Any cell
	Too late handover (to GSM), or coverage hole


Table 1- Summary of reconnection scenarios to be considered in case of handover from LTE to UTRAN. 
For the scenarios in Table 1 our analysis is presented below. Because there is no à priori knowledge of whether the UE reports the source cell or the target cell for the handover, most of the entries of the table need to be analysed for both cases.
Scenario #A1:

#A1a - Last cell serving the UE (according to UE report): Source cell

Reestablishment node will have UE context information and therefore be able to perform necessary analysis.
#A1b - Last cell serving the UE (according to UE report): Target cell

If network signalling were to follow the scheme used for inter-eNB case, it would look like the flowchart in Figure 1.
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Figure 1. #A1b - Source cell in eNB, target cell controlled by the RNC, UE appears in source cell after failure.

It may be considered a weakness that following this scheme it is not obvious at which moment the eNB is able to diagnose the "too early HO", because the IRAT HANDOVER REPORT message in most scenarios will be returned to the eNB. This weakness already exists in the inter-eNB case. The Rel-9 choice was done after offline and online discussions in RAN3, and one may consider that signalling on X2 is quicker and delays less subject to core network load than inter-RAT signalling. 
A request/response mechanism could be more robust in inter-RAT environment, and might look like Figure 2. If the reported cell id / reported CRNTI points to an existing context in the receiving node, and UE was recently handed over by the requesting node, the receiving node shall include source cell id for the UE in the IRAT UE FAILURE INFO RESPONSE message. 
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Figure 2.

Scenario #A2:

#A2a - Last cell serving the UE (according to UE report): Source cell

Network signalling in Figure 3.
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Figure 3. #A2a - Source cell in eNB1, target cell controlled by the RNC, UE appears in eNB2 after failure.
#A2b - Last cell serving the UE (according to UE report): Target cell

Signalling in Figure 4.
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Figure 4. #A2b - Source cell in eNB1, target cell controlled by the RNC, UE appears in eNB2 after failure.

Scenario #A3:

#A3a - Last cell serving the UE (according to UE report): Source cell

Network signalling in Figure 5.
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Figure 5. #A3a - Source cell in eNB, target cell controlled by the RNC, UE appears in target cell after failure.

#A3b - Last cell serving the UE (according to UE report): Target cell

Same network signalling as for #A3a (Figure 5). The RNC will have UE context information, and will be able to send IRAT UE FAILURE INFO REQUEST to the eNB. However because the RNC already knows that it was not the source node of a recent handover for this UE, it doesn't need the response message.
Scenario #A4:

#A4a - Last cell serving the UE (according to UE report): Source cell

Network signalling in Figure 6.
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Figure 6. #A4a - Source cell in eNB1, target cell controlled by the RNC1, UE appears in cell controlled by RNC2.

#A4b - Last cell serving the UE (according to UE report): Target cell

Network signalling in Figure 7.
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Figure 7. #A4b - Source cell in eNB1, target cell controlled by the RNC1, UE appears in cell controlled by RNC2.

Scenario #A5:

Not detailed in this paper. Supposed similar to scenario #A4.
Scenario #A6:

#A6a - Last cell serving the UE (according to UE report): Source cell

Same signalling as for scenario #A3a.

#A6b - Last cell serving the UE (according to UE report): Target cell

Not applicable.

Scenario #A7:

Not detailed in this paper. Supposed similar to scenario #A6.

3
Network related issues and choices
Several network aspects need discussion and decision by RAN3. We focus on the new open points compared to intra-LTE MRO known from Rel-9. In particular we would mention: 
· Choice of request/response signalling versus indications. While there are arguments for using a request/response procedure instead of RLF Indication, no such arguments could be found for the Handover Report message.

· Identification of the last serving cell as reported by the UE requires in our view particular analysis for inter-RAT scenario and in case of RRC establishment from idle mode with respect to risk of e.g. PCI or PSC confusion. 
· Scenario #A4a (Figure 7) shows inter-RNC signalling for the general case where it is not assumed that the UTRA target cell and the UTRA reconnection cell don't belong to the same RNC. This case may not happen frequently for many deployment scenarios, and it should be analysed whether Inter-RNC signalling for inter-RAT MRO needs standardisation in Rel-10. However analysis of handover from UMTS to LTE would result in more cases of potential need for inter-RNC signalling. Same issue for handover from LTE to GSM and GSM to LTE.
· The notion of "coverage hole" may need to be extended from concerning the serving RAT only (as for intra-LTE MRO), to differentiate between cases where the coverage hole occurs in the source RAT or in the target RAT. Moreover, when the UE is situated e.g. in a tunnel or deep inside a building, simultaneous loss of coverage in all RATs will frequently happen.
Proposal 2: RAN3 is kindly requested to discuss and decide upon mentioned aspects of network related issues and choices.
4
Conclusion
In this paper signalling between network nodes is analysed based on a certain number of working assumptions, and by limiting the discussion to handover from LTE to UMTS. 

Proposal 1: RAN3 is kindly requested to discuss and agree upon the working assumptions listed above, and prepare sending of LSs to RAN2 where needed.

A certain number of RAN3 related issues are then proposed for discussion and decision.

Proposal 2: RAN3 is kindly requested to discuss and decide upon mentioned aspects of inter-RAT signalling issues and choices.
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