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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.
In order to carry out a complete analysis of the possible alternatives for inter-RAT HO enhancement, in this paper we present some new ones that could reduce the execution time of the inter-RAT HO procedure by exploring the possibility of parallelizing operations of the legacy inter-RAT HO procedure. Note that these improvements are equally applicable to both the MSR and the eNB-RNC direct interface deployments.
2. Introduction to the proposals
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).

In the preparation phase several things happen simultaneously, among:

1. Target CN node performs Source RAT to Target RAT RAB mapping.

2. Target CN, optionally, changes the Serving GW. 

3. Source and target CN nodes mediate relocation preparation procedure by brokering messages back and forth with their respective RAN entities.

4. Target RAN allocates resources for bearers of the UE.

5. Transport end point establishment for successfully setup RABs at the target RAN. 

6. MME performs mapping the EPS to UMTS Security context and vice-versa.

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 a solution where the HO preparation time could be significantly reduced by triggering parallel operations. Also, in Section 2.2 we propose some enhancements to the CN signaling as to combine multiple messages in the HO preparation thereby reducing procedure execution time. 
It should be noted beforehand that both the proposals in Section 2 target reduction in latency and reduced signaling in the inter-RAT HO procedure. These proposals could be easily combined together to realize a higher benefit, but to make it simple to explain we have split them across two sections.
2.1
Proposal 1: Parallelism in the HO procedure
2.1.1

Basic principle of the proposal

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.
2.1.2
E-UTRAN to UTRAN mobility
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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.

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:
As such, 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.

2.1.3
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).
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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) 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.
2.1.4
Executive summary of the proposal

PROS

Parallelism is exploited from the perspective of splitting the legacy HO Request to the CN into 2 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.

2.2
Proposal 2: Combining HO preparation messages in MME/SGSN
2.2.1
Basic principle of the proposal

Another approach consists in reducing the message count in the HO preparation procedure by combining multiple messages in the HO preparation procedure.
2.2.2
E-UTRAN to UTRAN mobility
This proposal is depicted in Figure 3 and the RED steps are clarified below.
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Figure 3: Exemplary scenario showing proposal for inter-RAT HO from E-UTRAN to UTRAN

Step 1: UE indicates to Source eNB about UTRAN cell to which it wants to handover to.

Step 2: Source eNB immediately sends Handover Prepare to Target RNC for pre-reservation of resources. The resources will be allocated by Target RNC by looking at the requirements in the Handover Request message which contains some important information like number of RABs, RAB MBR, Traffic Class, THP, ARP, additional QoS specific parameters e.g. delay, SDU sizes etc. The target RNC completes Iub inter-element signalling with this information. This step provides the benefit that the RNC doesn’t have to wait till the Relocation Request message comes in from the SGSN, hence saving preparation time.

Step 3: Source eNB informs the MME about this HO by sending Handover Required. This may have an optional IE indicating that the pre-reservation is triggered to target RNC. 

Step 4: When MME processes Handover Required message it sends the message Forward Relocation Request and transfers the MM context to the SGSN for this UE (using the IMSI) and also sends the EPS PDN connections for this UE to the SGSN. This message does not need to contain the Source RNC to Target RNC Transparent container for the target RAN (this is already transferred via. the direct interface).

Step 5: Once Forward Relocation Request is received by the SGSN, it may change the Serving GW. The target SGSN maps the EPS bearers to PDP contexts 1-to-1 and maps the EPS Bearer QoS parameter values of an EPS bearer to the Release 99 QoS parameter values of a bearer context.

Ciphering and integrity protection keys are sent to the target RNC to allow data transfer to continue in the new RAT/mode target cell without requiring a new AKA (Authentication and Key Agreement) procedure.

Step 6: SGSN sends Relocation Request message to RNC, indicating that relocation is requested. The contents are similar to legacy except the Source RNC to Target RNC transparent container is not there . By this time the RNC already has reserved the resources for the UE.

It has to be noted here that there is no Relocation Request Acknowledge message back to SGSN. It could be coupled with the response with Relocation Complete in Step 10. Note that there is no loss of generality by skipping this message because it is an indication from RNC to SGSN that the relocation had target resources allocated. In the successful case, the RNC just continues with the execution phase. The DL transport end point information that RNC would provide is now coupled at Step 10.

Step 7: RNC prepares the (new) Handover Ready message containing the RRC container to be sent to the UE. This contains all the parameters required for the UE to complete the inter-RAT HO. Since the security context is informed via the Relocation Request message, the security interworking with the UE will be already aligned to legacy and as such no security interworking issues would happen.

Step 8: The source eNB sends the HO from E-UTRAN message to the UE.

Step 9: The UE sends the HO to UTRAN complete message to the target RNC. At this point UE, has successfully completed the transition to target RAN.

Step 10: The RNC sends Relocation Complete to the SGSN, and this message complements the Step 6. At this point the RNC is able to receive DL PDUs from the CN.

Step 11, 12: The Relocation procedure is completed between the MME and SGSN freeing up resources in source CN and completing the HO procedure with SGW and PDN (if serving SGW was relocated, then this is the target SGW).

NOTE: 
As such, the proposal also can be equally applied to MSR scenario as well. In this case the messages 2 and 7 would be transferred via the MSR internal interface.
2.2.3
UTRAN to E-UTRAN mobility

The direction from UTRAN to E-UTRAN could be optimized in a similar manner (See Figure 4 below):
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Figure 4: Exemplary scenario showing proposal for inter-RAT HO from UTRAN to E-UTRAN
2.2.3
Executive summary of the proposal

PROS

Parallelism is exploited from the perspective of splitting the legacy HO Request to the CN into 2 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. As a consequence some of the acknowledgement messages in the HO preparation message are no longer required. Reduction of the number of messages saves time when backhaul and element processing delays become significant.

CONS

The new message pairing requires new implementation in the CN nodes.
3. Conclusions and proposals
In this paper we carried out a short analysis of two alternatives to speed up inter-RAT HO procedure. Although these alternatives have been presented in their simplest forms, there could be several variants that could be studied further to reduce the amount of standardization impacts and yet gain in signaling latency. It is proposed the following:
Proposal 1: Continue study the alternatives proposed in Sections 2.1 and 2.2 in order to understand in details their benefits and costs.
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