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1. Introduction

According to RAN3 decisions, the RRM functions including resource allocation, handover, admission control etc., shall reside in eNB [1]. Hence, in this contribution we consider an eNB based handover, where the handover decision is made by the serving eNB [1]. The handover latency is critical for the overall E-UTRA system performance in terms of fulfilling the desired grade of service and high bit rate. An efficient eNB based handover will require inter-eNB communication to exchange list of measurements and handover related signaling [2]. In E-UTRAN several types of measurements are needed to ensure correct handover decision. We discuss a way forward regarding how to minimize the handover request failures and reduce handover latency. 
2. Types of Measurements Required for Handover Decisions
In E-UTRA there are several types of radio, transport network and hardware resources that are assigned to a radio bearer by the serving eNB. Some important resources that are to be used in E-UTRA are listed below: 

· Downlink transmit power

· Uplink received total Interference

· Downlink resource blocks (DL RB)

· Uplink resource blocks (UL RB)

· Uplink transport network channels

· Downlink transport network channels 

· Hardware resources

· Etc.

An eNB shall measure all or some of these quantities over a certain time interval and report them to the neighbour eNBs in an event triggered or periodic manner. The serving eNB shall utilize these measurements for various RRM functions notably for the handovers. For instance, the serving eNB can select the best possible neighbor eNB in terms of available radio and network resources to perform handover. This helps minimize the handover request failures. 
3. Examples of Some Handover Request Failure Scenarios
A new call or a handover request can be denied due to the lack of availability of any one of the cell resources listed above in Section 2. In order to illustrate this point let us consider certain average usage levels of different types of cell resources in a target cell of the target eNB. As shown in Figure 1, in this example only one of the cell resources (uplink resource blocks) is fully utilized. However, other resources are still available in the target eNB. 
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Figure 1: Resource situation in target eNB (Example)
Let us consider the impact of the resource usage depicted in Figure 1 on the handover behaviour. Figure 2 illustrates the serving eNB sending a Handover request to a target eNB. As an example, the resource situation at the target eNB is according to the one shown in Figure 1. Thus, the handover request is denied by the target eNB since uplink resource blocks are either fully utilized or their usage is above a certain threshold.
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Figure 2: Handover request failure due to insufficient cell resource
The handover request failure can however be prevented to some extent by inquiring the complete resource usage at the target eNB prior to the handover attempt, i.e. prior to sending handover request to the target eNB. Thus, consider another scenario where the serving eNB first requests the target eNB to report its resource situation, i.e. the complete set of target eNB measurement results. As shown in Figure 3, in order to prevent any handover request failure due to the cell resource bottleneck, the serving eNB requires the target eNB to report measurements for all type of resources. It is clear that in this type of situation where the target eNB cannot serve a new call due to the lack of resources, the complete set of measurement reporting is a wastage of bandwidth and leads to unnecessary handover latency.  
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Figure 3: Example showing all measurements will be required to prevent handover request failures

In case of the failure of the handover attempt, the serving eNB typically repeats the above mentioned procedures with the second best target eNB and so on. Hence in the existing systems the situation may arise whereby several handover attempts are needed before the successful execution of the handover. This obviously would increase the handover latency. Secondly, this attempt-and-retry approach would lead to signaling overheads. 
4. A Mechanism to Prevent Handover Request Failures
In order to avoid situations illustrated in the example of Section 3, we believe that a simple mechanism is needed that can keep the serving eNB from sending handover requests to the target eNB, which is congested (in terms of the required resources to accept a new bearer). This will minimize the probability of handover request failures. The required mechanism should depict the global picture of the usage of all the resources at the target eNB. Such a summary of the resource usage may also provide an indication on, for instance, whether the resources at the target eNB are utilized by guaranteed (GBR) or non-guaranteed bit-rate services. Thus, the inter-eNB information could be the aggregation of all resource usage, expressed in a simple way with only a few overheads. However, this mechanism should not preclude the serving eNB from requesting more comprehensive measurements from the target eNB. In practice the serving eNB can avoid requesting measurements from those eNBs, which are congested. 
5. Conclusions

In E-UTRAN there are several different types of radio, network and hardware resources that should be available in the target eNB in order to ensure handover success. Hence, lack of any of these resources could lead to handover request failure. This means that the serving eNB should be made aware of the complete resource situation in the target eNB. We believe a mechanism is needed, whereby the resource situation in the target eNBs can be indicated to the serving eNB in a simpler manner, such as aggregation of the usage of all resources. This will keep the serving eNB from sending handover request to a congested eNB.and minimize handover request failures. The parameter set that can be used for this purpose is proposed for further study.
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7. Text Proposal

This section proposes a text proposal for RAN3 TR [1]:
In E-UTRAN the lack of any of the radio, transport network or hardware resources at the target eNB could lead to handover request failure. In order to prevent handover request failure, and to reduce handover latency, a simple mechanism is required, whereby each eNB could indicate its overall congestion situation to the neighbour eNBs. The simple mechanism could be the aggregation of all the resource usage at the eNB. A serving eNB can avoid sending a handover request to those eNBs, which are congested, thereby minimizing the handover request failure probability. The parameter set that can be used for this purpose is for further study.




































