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Discussion
1. Introduction
One of the stated goals of the SI “RAN Enhancements for UMTS/HSPA and LTE Interworking” is to find solutions to reduce the inter-RAT HO procedure execution time as UEs move back and forth between LTE and UTRAN. Legacy inter-RAT HO procedure as discussed in [2] (Section 5.5.2) takes a while measured from the time a UE finds (and reports) a desirable target cell to the point it actually gets service from it.
As anticipated in [11], this paper presents a new enhancement that could reduce the execution time of the inter-RAT HO procedure by parallelizing operations of the legacy inter-RAT HO procedure and addresses the technical questions received during the presentation of [11] in RAN3#81bis. Note that, assuming an intra-MSR communication between eNB and NB, this enhancement is equally applicable to both the MSR and the eNB-RNC direct interface deployments.
2. Description
The currently standardized inter-RAT HO procedure is described in Section 5.5.2 in [2]. A typical inter-RAT HO is divided into 2 parts; (a) handover preparation phase (Sec. 5.5.2.1.2) and (b) handover execution phase (Sec. 5.5.2.1.3).

The overall procedure execution time of the inter-RAT HO is the sum of the HO preparation and the HO execution executed in tandem. In Section 2.1 we propose an enhancement where the HO preparation time could be significantly reduced by triggering parallel operations. It should be noted that this enhancement could be combined with other enhancements, e.g., [12].
2.1
E-UTRAN to UTRAN mobility
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 resources for this UE are reserved at the target RAN. When the UE confirms the target cell, the HO to the target RAN can be executed rapidly.
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Figure 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 exactly like the legacy case except that it tags this procedure as pre-fetch of resources. When the target RAN receives the request for handover (with this cause), the target RAN creates the context for this UE and does everything that a normal HO preparation procedure would do. However there is a minor difference from the legacy procedure perspective. The target RAN does not yet know which target cell will be reported by the UE and as such in this example 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 once the target NB will be indicated in step 9.
These steps provide the benefit that the source RAN already has finished the HO preparation procedure with the target RAN and, as such, could immediately start the HO execution when the UE reports a suitable cell.

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: Source RAN decides to continue 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.

NOTE:
Assuming an intra-MSR communication between eNB and NB, this improvement could be equally applied to the MSR scenario as well. In this case messages 9 and 11 would be transferred via the MSR internal interface: this means that the messages shown in Figure 1 between the source RAN and target RAN would in fact be routed to the target RAN (in Figure 1 this is the RNC) through the Iub interface after having been sent by the source eNB to the target RAN Node-B via the MSR internal interface.
NOTE:
It is assumed that the target SGSN is known beforehand.
2.1.1
Handling of timers 
There is no change in timer handling for the legacy messaging: the same triggers currently used in LTE (TS1RELOCprep and TS1RELOCoverall) can be reused. At Step 7, the trigger could be used to complete the transaction in Step 2 with the same timer TS1RELOCprep and the trigger at Step 8 could be used to start the TS1RELOCoverall.
NOTE:
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 RNC not selected as target.
2.1.2
Handling of pre-allocated resources and failure cases
In general in case of E-UTRAN to UTRAN inter-RAT HO the resources pre-allocation and release are simpler compared to the UTRAN to E-UTRAN case because the target RAN is the RNC and there is only one target RNC. Additionally it should be understood that the HO cancellation could just be triggered by the eNB towards the CN (as in the legacy case) because this scenario reuses legacy signalling. Hence, there is no additional direct signalling required for the HO cancellation. 

No need for new signaling for releasing pre-fetched resources in NBs eventually not selected as target.
At Step 9, the Handover Finalize Request commits the finalized target cell to the RNC. At this point the RNC completes the Iub transaction to reserve resources for this UE. The RNC will release the internal pre-allocated resources, will set up the RL resources with the selected target NB and will send the Handover Finalize Response message containing the RRC container to be sent to the UE. 

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 using the legacy signalling messages (See [6] and [7]). 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 target RNC by target SGSN by the Iu Release procedure.

HO execution 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 MME to release the UE context via UE context release procedure.
· The SGSN will signal the Relocation procedure termination to target RNC by Iu Release procedure.

2.2
UTRAN to E-UTRAN mobility

For the direction from UTRAN to E-UTRAN, while the general concepts remain as above, there are a few additional steps to be noted (see Figure 2).
[image: image2.png]Target | [ Anchor SGW,
eNB(s) | | eNB SGSN MME PDN GW

-%-
e
[R—————
® o NB
(e

@ Relocation Hequired
(Cause: Prelocn)

@ Forward Relocation Request
Handover Request
O o

X2 Resource pre-fetch Request
et Reauest |

(=R e

@ Handover Request Acknoyiedge.

@ Forward Relocation Response
e

|
|
|
1
I
I
|
|
|
|
|
|
|
|
|
|
|
| Relocation Command

®
I

Measurement Report
inter-RAT measurements)

©)

iU i
IRATHO
execution

Handover Finalize Requedt

X2 gandover Fnalze Request

(Y T

Handovr Fnalize Response|

Qs

©

HO from UTRAN

HO 10 E-UTRAN Complete

Sending of UL
data possible

@ Handover Noiify
e iy Gt 1 1) U o s e ety S e i e o D

1 1 - L1 L L L L

N (e





Figure 2: Exemplary scenario showing proposal for inter-RAT HO from UTRAN to E-UTRAN

Role of the anchor eNB

In Step 2-8, the source RAN initiates the HO preparation procedure exactly like the legacy case except that it tags this procedure as pre-fetch of resources. When the target RAN receives the request for handover (with this cause), the target RAN creates the context for this UE and does everything that a normal HO preparation procedure would do. However there is a minor difference from the legacy procedure perspective. A concept of HO anchor is introduced for this purpose. The HO anchor is a target eNB which receives the HO request message and routes this to the target eNBs via new X2 message. The HO anchor also receives the response from the target eNBs and creates a composite reply to the MME.

Since the anchor eNB knows a set of target eNBs, the target eNBs themselves do not know if the target cell will be reported by the UE belongs to them. The target eNB would just pre-fetch resources without reserving air interface resources in this case. They would wait until a confirmation message is received during the execution phase.

These steps provide the benefit that the source RAN already has finished the HO preparation procedure with the target RAN and as such could immediately start the HO execution when the UE reports a suitable cell.

The benefit of defining a HO anchor is that the MME is saved from multiple messaging to the target eNBs.

To tackle a possible security interworking issue, when the Anchor eNB is not the target eNB, the following proposal based on X2 HO is described here.

Security parameters handling

In the new X2 Handover Finalize a similar approach to intra-LTE X2 HO could be resorted to i.e. the anchor eNB makes Key Derivation Function for a KeNB* and NCC as if it would HO a UE to the target eNB. From target eNB the NCC is sent via Anchor eNB and Handover Finalize Response message to RNC and with HO from UTRAN to the UE. The UE performs the steps as described above under Section 7.2.8.4.4 of [3], which is new to be performed by the UE after an inter-RAT HO. 

No additional parameter are needed, for the additional step mentioned above, because the Handover to UTRAN Command carries the RRCConnectionReconfiguration message which is also used for X2 HO. Therefore it does already contain a field to carry the NCC value from target eNB. The problem will be that the UE must somehow be encouraged to use the contained NCC to perform a further KDF to derive the same KeNB* that the target eNB has got from the Anchor eNB.

NOTE:
Even in this case (UTRAN to E-UTRAN mobility), assuming an intra-MSR communication between eNB and NB, such solution could work in case of MSR BS as well. In that case, the communication between RNC and anchor eNB (i.e., messages 10 and 12) would be routed via the NB and the internal NB-eNB interface.
NOTE:
It is assumed that the target MME is known beforehand.
2.2.1
Handling of timers
There is no change in timer handling for the legacy messaging. At Step 8, the trigger could be used to complete the transaction in Step 2 with same timer TRELOCprep and the trigger at Step 8 could be used to start the TRELOCoverall.
It should be understood that the HO cancellation could just be triggered by RNC towards the CN (as in the legacy case) because this signalling reuses the legacy signalling. Hence, there is no additional direct signalling required for HO cancellation. 

2.2.2
Handling of pre-allocated resources and failure cases
New signaling for releasing pre-fetched resources.
At Step 10, the Handover Finalize Request commits the finalized target cell to the anchor eNB. At this point the eNB completes the transaction with the selected eNB using the X2: Handover Finalize Request. The Handover Finalize Response contains the RRC container to be sent to the UE. For the eNBs that are not resolved by the Handover Finalize Request the anchor eNB needs to explicitly send X2: UE Context Release.

It would seem that the HO cancellation to non resolved eNB would tend to keep resources occupied inside the target eNB for a long period of time without being allocated to UEs in the network. There are many arguments for and against such a mechanism. E.g.:
· It is not always necessary to send a full list of eNBs which are the neighbouring cells for the given UTRAN cell (which is serving the UE). The source RAN could shortlist the target cells based on:

· Free resource availability;
· Proximity to UE;
· Parameters like UE speed could be used.
· Pre-fetching schemes may be optimized by statically/quasi-statically allocating a resource cache pool that is proportionate to the number of relocations (i.e. inter RAT HO). This is a resource dimensioning problem.

· Pre-fetching schemes may be optimized further by tuning the resource cache pool by considering the amount of relocations (i.e. inter RAT HO), traffic profile of cells etc. These for e.g. could be achieved by exploring SON based mechanisms.

· In case target RAN does not want to apply this feature (because of resource congestion etc.), it could always fallback to the legacy procedure by communicating this to the source RAN using additional information elements in RIM message used for transacting Cell Load Information.
Cancellation of pre-fetched resources (HO procedure cancellation or no cells resolved in UE measurement report).
A relocation preparation is cancelled by the source RAN using the legacy signalling messages (See [6] and [7]). Just after the Step 8 (and potentially before or just after Step 9 or latest at Step 12), the following transactions are used to cancel the HO procedure:

· Relocation Cancel message is sent by the source RNC to the source SGSN to cancel the ongoing HO preparation or already prepared HO. The source SGSN initiates the cancellation procedure with the MME
· HO cancellation is informed to anchor eNB by target MME by the UE context release procedure.
· The anchor eNB proceeds to clean up the pre-fetched resources by X2: Handover Cancel procedure.

HO execution failure.
It is possible that at Step 14 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 there was expiry of TRELOCoverall).

· In this case, similar to legacy signalling, the source RNC will cancel the Relocation procedure by sending the Relocation Cancel message and continue serving the UE OR will ask SGSN to release the Iu connection of this UE by the Iu Release Request procedure.

· The MME will signal the Relocation procedure termination to anchor eNB by UE context release procedure.
2.3
Executive summary of the proposal

PROS

Parallelism is exploited from the perspective of splitting the legacy HO Request to the CN into two broad portions; the first portion requesting the target RAN for resources (and getting an acknowledgement for that) and the second portion preparing the CN for this handover (and in turn getting the security interworking functionality executed). The signaling for the former portion, in fact, does not really have to traverse from the source RAN to the target RAN via the CN. This saves time when backhaul and element processing delays become significant. Once these parallel steps are complete, the signaling to the UE could be made.

CONS

It should also be noted that in some cases the HO procedure will be cancelled by the source RAT. In such a case the target RAT reservation will have to be cancelled thereby keeping resources occupied in the target RAT for some time and not actually using it. We think it is not a big issue if the resource caching is dimensioned appropriately based on the number of inter-RAT HO procedures that would be triggered in the given deployment scenario. Moreover, the saving in signaling latency for many successful transactions should offset the negative impact of few failure cases.

2.4
Evaluation table for TR

	
	Option X (message parallelization)  

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

	Signalling Reduction on S1/Iu
	Not significant

	Switching Latency Reduction
	Medium-High

Very short HO preparation due to resource caching: reduction can be in the order of tens of/100 milliseconds. This can be beneficial in terms of user plane break time. Also could be beneficial in QoE (because HO is completed quite quickly to target RAN and chance of radio conditions deteriorating is lower).

	Access network resource efficiency *
	Low-Medium 

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

In case of UTRAN to E-UTRAN, several eNBs will pre-allocate resources.

	Core network resource efficiency *
	Not significant. Triggering of HO preparation earlier may have a positive impact on spreading the HO preparation load for several transactions?

	UE Impact
	Minor (FFS) for UTRAN to E-UTRAN direction.

In X2 Handover Finalize, the anchor eNB makes the KDF for KeNB* and NCC. The steps after inter-RAT HO should consider UE deriving KeNB* from NCC sent by source RAN.

	eNodeB Impact
	For UTRAN to E-UTRAN: Significant.

Role of anchor eNB and message distribution and target resolution. 

Increase of load over X2: for pre-fetching resources (in the potential target eNBs) and releasing pre-fetched resources (in the eNBs eventually not selected as target), anchor eNB needs to send new X2 message (see below) and UE Context Release to these eNBs.

New messages defined over X2 for pre-fetching and finalizing handover: Resource pre-fetch Request/Response, and Handover Finalize Request/Response.

	RNC/NodeB Impact
	Low-Medium

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

In case of scenario 3a (MSR deployment): NB needs to be able to relay messages from eNB to RNC and an eNB-NB communication is assumed within the MSR.

	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.


3. Conclusion and proposal

In this paper we presented a potential enhancement for reducing the inter-RAT HO execution delay. Such proposal is based on executing in parallel different steps of the HO preparation and HO execution procedures. 

Proposal: Capture the enhancement described in Section 2 in TR 37.852 together with the related evaluation and impact analysis as proposed in [13].
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