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1. Introduction
In Rel-8/9/10, the inter-RAT handover between UTRAN and E-UTRAN uses the quite basic and simple solution. Although the solutions are feasible, the performance of the inter-RAT handover can not be well guaranteed. Due to the increase of attractive mobile services, their QoS requirements are higher than before. To satisfy the user experiences, guaranteeing some requirements is necessary when UE moves between UTRAN and E-UTRAN. In Rel-10, UTRAN and E-UTRAN can both support multi-carrier handover for intra-RAT, and it is feasible to support multi-carrier handover between UTRAN and E-UTRAN. This document analyzes the necessity of multi-carrier handover between UTRAN and E-UTRAN, based on the scenarios and services. Then it suggests the possible enhancements.
2. Discussion
2.1. Scenarios
When E-UTRAN is deployed, existing UTRAN networks can still work. To guarantee the network coverage and utilize the current equipments to the most extent, E-UTRAN will co-exist with UTRAN as shown in Figure 1.
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Figure 1 typical E-UTRAN and UTRAN coexistence deployment
Figure 1(a) shows the scenario of early deployment or hot spot coverage of E-UTRAN. In these cases, E-UTRAN doesn’t exist in the whole area, the seamless coverage is guaranteed by UTRAN. Figure 1(b) shows another scenario of mature deployment of E-UTRAN. In this case, the seamless coverage can be provided by both E-UTRAN and UTRAN.

In these two scenarios, the following reasons can trigger inter-RAT handover: 

· Mobility
When UE goes out of the coverage edge or into coverage hole of E-UTRAN, it will be handover to UTRAN by the network. And this is an important reason for inter-RAT handover.
· Load balance

For operators which have both E-UTRAN and UTRAN, the load balance should be considered between the two RATs. And this can improve the total performance of the whole network.
· CS fallback

When CS fallback occurs, if UE has some PS service in E-UTRAN, the inter-RAT PS handover will be used to guarantee the service continuity. And this is accompanied with CS fallback.

· Energy saving

During the discussion of network energy saving SI, many solutions are raised for inter-RAT scenario through switching on/off the cells belong to one of the RATs. In this case the connected UEs under the cell, which will be switched off, should be handover to another RAT.
Therefore, it can be summarized that:

Observation 1: Inter-RAT HO occurs frequently between E-UTRAN and UTRAN.
2.2. Services
The data services increase rapidly in recent years, and it will continue to increase faster in the future. It plays an important role and creates much more profit in mobile communication systems. Due to the development of intelligent terminal technology, e.g., smart phone, tablet computer, users has more requirements on data rate and latency than before.

To meet users’ increasing requirements on data services, current mobile communication systems make great efforts, e.g., higher data rate, lower latency, more kinds of services. Thus, to make E-UTRAN more competitive, it needs to provide high profitable services, such as:
· high speed video services, e.g. video call, conference call
· Interactive services, e.g. online game
· services for high value subscribers
To guarantee user experience on these services, service continuity should be kept between different RATs, e.g., E-UTRAN and UTRAN. Therefore, Inter-RAT handover needs to be considered for this continuity. Different from the 2G/3G inter-RAT operations, since E-UTRAN can provide more high quality services, the performance of inter-RAT handover between E-UTRAN and UTRAN is expected to be better. Otherwise, the high value subscribers will be lost. So it can be deduced that:
Observation 2: Inter-RAT HO between E-UTRAN and UTRAN is expected to provide better performance.

2.3. Multi-carrier handover from UTRAN to E-UTRAN
In Rel-10, carrier aggregation is introduced in E-UTRAN. Besides the multi-carrier handover within E-UTRAN, current Rel-10 specifications can also support multi-carrier handover from other RAT to E-UTRAN. As specified in 36.331[1], during the handover preparation procedure, source RAN can request target eNB to initiate multi-carrier handover in the HandoverPreparationInformation message. And the target eNB can use the candidate cell list in HandoverPreparationInformation message for reference. Figure 2 shows the RAN procedure of handover to E-UTRA.
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Figure 2 Handover to E-UTRA, successful
When the target eNB agrees to initiate multi-carrier handover, the RRCConnectionReconfiguration message will include multi-carrier information. For UE which receives this message, it shall perform multi-carrier handover procedure. And this means multi-carrier handover from other RAT to E-UTRAN can be achieved in Rel-10.
Observation 3: Multi-carrier handover from UTRAN to E-UTRAN is already supported.
2.4. Multi-carrier handover from E-UTRAN to UTRAN
As analysis above, the frequency of inter-RAT handover is high and its performance is expected to be better than before. However, as multi-carrier handover from E-UTRAN to UTRAN is not supported, it may deteriorate user experience. For example, for UE which has high speed service in E-UTRAN, when handover happens from E-UTRAN to UTRAN, the UE will go through a procedure of “high speed -> low speed ->high speed”, because of the handover from multi-carrier to single carrier from E-UTRAN to UTRAN, and then single carrier to multi-carrier in UTRAN. This is not necessary if the target UTRAN supports multi-carrier handover. Besides, there is a more serious problem called unnecessarily admission denial as shown below:
For a UE with high speed GBR service (e.g. video call) on E-UTRAN, due to mobility/load balancing/CSFB, etc, PS handover from E-UTRAN to UTRAN can be triggered. Current UTRAN specifications only allow PS handover to one carrier/cell during inter-RAT handover, therefore UTRAN’s admission control always only considers one carrier’s/cell’s resources. Therefore, the lack of resource on one carrier/cell will cause admission denied. Even the target network supports multi-carrier, and the resources on multi-carrier can admit the UE, the handover also fails. This kind of unnecessarily admission denial can cause bad user experience. Even for some smart RNC implementation, e.g., it first move some UEs to other carriers, and then provide enough resource on one carrier to admit the inter-RAT handover UE with high GBR, it also increases the latency of inter-RAT handover , and affects the user experiences of these moved UEs already having services in UTRAN.

If the problem is not considered, the high QoS requirement and profitable services can not be operated on E-UTRAN, because the service continuity can not be guaranteed and this will cause bad user experiences. This will decrease the competition of E-UTRAN. While to reduce the inter-RAT handover by deploying E-UTRAN to coverage the whole areas, it is better to take these into account as soon as possible. To guarantee the performance of inter-RAT handover, some aspects could be considered to be enhanced.
For different network deployments, there are different strategies:
· Co-existence of E-UTRAN and single carrier UTRAN:
· Enhancement of the algorithms of admission control for single carrier handover
· Do not provide or provide few services with high QoS requirements on E-UTRAN
· Deploy E-UTRAN to coverage the whole areas as soon as possible
In this kind of network scenario, in the period that E-UTRAN doesn’t replace the coverage of UTRAN, it can not provide the service continuity well, so E-UTRAN may not be fully utilized for high quality services. Fast deployment of E-UTRAN would need more investments and make some wastes of the existing UTRAN. Maybe the enhancement of admission control seems more feasible.
· Co-existence of E-UTRAN and multi-carrier UTRAN:
· Enhancement of the algorithms of admission control for single carrier handover
· Support multi-carrier handover
If multi-carrier handover can be supported from E-UTRAN to UTRAN, it can resolve the problem, and has little cost on specification and implementation.
Proposal: Multi-carrier handover from E-UTRAN to UTRAN is proposed to be supported in Rel-11.
To support the multi-carrier handover from E-UTRAN to UTRAN, the modifications of UTRAN specification are mainly focused on the HANDOVER TO UTRAN COMMAND. Addition of multi-carrier information to this message can make the support of multi-carrier handover possible. 
3. Conclusion
In this document, we discuss the scenarios and the potential problems for inter-RAT handover between UTRAN and E-UTRAN. As analysis above, our proposal is shown below:
Proposal: Multi-carrier handover from E-UTRAN to UTRAN is proposed to be supported in Rel-11.
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