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1. 
Introduction
This contribution provides one proposal for inter-RAT signaling latency improvement to be captured in TR 37.852
2. Text Proposal

BEGINNING OF TEXT PROPOSAL
7.2
Inter-RAT Connected Mobility
7.2.2
Solutions
7.2.2.1
Option 1: Message parallelization

As reported in Figure 1 below, the proposal is to trigger the HO Preparation procedure with the target RAN around the same time the inter-RAT measurements are setup with the UE. By the time the inter-RAT measurement report arrives in the source RAN the HO Preparation procedure should most likely be at a stage where the preparation of the target RAN resources is done.. When the UE confirms the target cell, the HO to the target RAN can be executed rapidly.
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Figure 7.2.2.1-1: Exemplary scenario showing the proposal for inter-RAT HO from E-UTRAN to UTRAN
Step 1: The source RAT triggers the UE to measure a set of inter-RAT cells. 

Step 2-7 (shown in colored box): The source RAN initiates the HO preparation procedure similarly to the legacy case except that it tags this procedure as pre-fetch of resources.. When the target SGSN receives the request for handover (with this cause), the target SGSN creates the context for this UE including the security context and sends it to the target RAN. However there is a difference from the legacy procedure perspective: The target RAN does not yet know which target cell will be reported by the UE and the RNC will not complete the RL Setup Procedure with the Node-B. It would wait until a confirmation message is received during the execution phase. Consequently, at the end of Step 7, there will be pre-allocated resources inside the RNC ready to be used when the target NB will be indicated in step 9.
Step 8: UE sends Measurement Report to source RAN with inter-RAT measurements. Step 8 could happen anywhere between 2 & 7 and is not required to be serialized with the signaling in the box as such. 
Step 9: After the reception of message #8 and message #7, if the handover is needed, the source RAN then continues the HO with the target RAN and now has decided which target cell the UE wants service from. It formats a message Handover Finalize Request to the target RAN.

Step 10: Target RAN executes the signaling with the Node-B according to the NBAP: RL Setup procedure.

Step 11: Target RAN sends the HO container to the Source RAN in the Handover Finalize Response.

Step 12-13: UE completes the HO to the target RAN.

Step 14: The HO procedure is declared complete by the target RAN.

2.1.1
Handling of handover cancellation cases
Cancellation of pre-fetched resources (HO procedure cancellation or no cells resolved in UE measurement report).

In case the relocation preparation is cancelled by the source RAN just after Step 7 (and potentially before or just after Step 8 or latest at Step 11), the following transactions are used to cancel the HO procedure:

· Handover Cancel message is sent by the source eNB to the source MME to cancel the ongoing HO preparation or already prepared HO. The source MME initiates the cancellation procedure with the SGSN.

· HO cancellation is informed to potentially multiple target RNCs by target SGSN by the Iu Release procedure.
Cancellation due to handover not needed.
There might be cases in which the triggered handover (by the eNB) is not needed because the measurements report at Step 8 does not indicate to have handover. In this case, in addition to the signalling described above, a timer in the source eNB might be needed to trigger the HO cancellation towards the potential target RNC(s).
Cancellation due to handover failure.

It is possible that at Step 13 the HO to UTRAN complete message is not received by the target RNC and instead the source RAN received the corresponding HO from E-UTRAN failure message (or, similarly, the timer expired)

· In this case, similar to legacy signalling, the source eNB will cancel the Relocation procedure by sending the Handover Cancel message and continue serving the UE or will ask the SGSN via the MME to release the UE context via UE context release procedure.

· The SGSN will signal the Relocation procedure termination to potentially multiple target RNCs by Iu Release procedure.

2.1.2
Assumptions and observations

Handling of timers
-
As described above, in case of handover not needed, a new timer in the source eNB is needed.

-
At Step 7, the trigger could be used to complete the transaction in Step 2 with the same legacy HO timer TS1RELOCprep and the trigger at Step 8 could be used to start the legacy HO timer TS1RELOCoverall.

-
In case of multiple RNCs, extra HO cancellation signaling (See Section 2.1.2) or an extra timer might be needed to release pre-fetched resources in the RNCs not selected as target.

Other assumptions

-
These option can provide the benefit that the source RAN has started early the HO preparation procedure with the target RAN and, as such, could start the HO execution in a faster way when the UE reports a suitable cell (at Step 8).

-
It is assumed that the target SGSN is known beforehand at the source RAN based on configuration.
-
At Step 4 the RNC cannot pre-allocate the resources as in the legacy case because it does not know the target cell.
-
If the security context provided at Step 4 expires (e.g., because the indication in the measurement report to execute handover arrives only after several attempts) then the legacy handover procedure should come into play to retrieve another time the necessary context.

-
In case of handover cancellation or handover failure, the extra signaling needed to terminate the procedure could me more costly than the equivalent one needed for legacy handover.
2.5
Evaluation table for TR

	
	Option 1 (message parallelization)  

	Applicable Scenarios
	Scenario 1a, 2a, 3, 3a

	Signalling Reduction on S1/Iu
	Low

Change of containers and dummy values might be needed.

Indicator in HO required message to indicate that a new type of HO is request to the MME.

	Switching Latency Reduction
	Medium-High

Very short HO preparation due to resource caching based on the parallelization of two portions of the handover procedure reduction can be in the order of tens of/100 milliseconds. 

	Access network resource efficiency *
	Medium-Low 

Pre-reservation keeps resources occupied for longer time before HO is committed.

In some cases more than one RNC might need to pre-allocate resources.

The handover cancellation due to handover failure or due to handover not needed triggers more signalling than the legacy procedure.

	Core network resource efficiency *
	High



	UE Impact
	None

	eNodeB Impact
	High

New messages defined for pre-fetching and finalizing handover: Resource pre-fetch Request/Response, and Handover Finalize Request/Response.

New timer needed. Default values or dummy values (e.g., Target Cell-ID) to be filled in HO Preparation message.

	RNC/NodeB Impact
	High

In RNC: New functionality required for triggering and managing resource reservation.  

In case of scenario 3a: NB needs to be able to relay messages from eNB to RNC and an eNB-NB communication.

New timer might be needed to release pre-fetched resources in case of multiple target RNCs and in case no new HO cancellation signalling is used.

	CN Impact
	Low

CN nodes needs to be able to forward to target RAN a new cause value (pre-fetch) received in the Handover Required.

Also HO preparation request message to CN needs to have a list of cells.

	OAM Impact
	Low

If dummy value for Target Cell-ID used, configuration in MME is needed to select target SGSN.
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Conclusion
The option for enhancing inter-RAT connected mode mobility has extensive impact. There may be potential benefits in some specific cases, but there is extra signalling in case of not needed handover. The impact from the direct interface between EUTRAN and UTRAN is extensive so the introduction of such an interface is not agreed. Therefore the standardization of the option cannot be justified.
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