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1
Introduction
Mobility is a key aspect in a wireless mobile system. The impact of mobility procedures into the user experience depends very much on the type of application. Thus, an interruption in a data connection may be tolerable, while an interruption in a voice call may not. 
While LTE Rel-8 provides full mobility support, the mobility procedures defined as part of LTE Rel-8 did not consider suitability for real time service (RTS) applications. The incipient LTE Rel-8 has a number of important differences with Rel-7 in relation to system robustness, most notably the lack of UL macro-diversity. Mobility enhancement is one of the aspects to investigate as part of the LTE-A study [1]. 
This contribution discusses different aspects in relation to mobility procedures. A companion contribution [2] proposes a text proposal (TP) for the evaluation of mobility enhancement techniques as discussed in [3]. 
2
Discussion

This section discusses various important aspects relevant to mobility. In summary:

· Robustness 
· Handover latency
· Serving cell association

· Throughput maximizing handover
2.1
Robustness
Mobility procedures rely on measurements and subsequent measurement reports from UEs, followed by handover commands from the network. LTE Rel-8 has a mobility procedure where a UE reaching radio link failure (RLF) conditions can autonomously attempt direct access to a target cell. However, a response from the network is not expected unless the target cell is “prepared”. 

There are situations with rate of change of path-loss on the order of 25dB/s [6]. In such situations, the reliability of the messages exchanged over the air may not be guaranteed with currently defined LTE mobility mechanisms. In these and other less dramatic scenarios, the mobility procedure is prone to failures in the following instances:

· UE measurement reports can be lost

· UE measurement reports need to be received by the current serving cell in the presence of deteriorating RF conditions. LTE Rel-8 does not benefit from UL macro diversity.

· UE measurement reports are sent at the time handover is imminent, making their loss more likely with fast path loss changes.

· Handover commands from the network can be lost

· Handover commands are transmitted from the current serving cell.

· Loss of the handover command causes the UE to initiate RLF based handover, which incurs latency due to the RLF timers, and due to reading system information of the target cell.

The robustness of the mobility procedure for HSPA has been recently investigated [4-7]. Therefore, as part of the LTE-A study we should revisit the adequacy of the current LTE mobility procedure for efficient and effective support of RTS applications.
2.2
Handover latency
While section 2.1 discussed the robustness aspect, another aspect important to consider in connection with mobility procedures is the handover latency and the interruption time due to a handover. 
By handover latency we refer to the time between 

· UE initiates the actions in relation to a request for handover, and

· UE successfully establishes data communication with the target cell 

By interruption time we refer to the time where the UE does not receive data from either the target or the source cell. 

A common theme in the Rel-8 defined mobility procedures is the use of RACH to access the target cell. The RACH transmission from the UE (RACH MSG1) is used by the network to perform time and power adjustments to the UE. The target cell transmits these adjustments together with an UL grant as part of RACH MSG2.

The use of RACH is primarily due to the need of a relatively wide-band signal in order to accurately perform the timing adjustment of the UE transmission. However, the timing adjustment

· May not be required, e.g., synchronous network operation

· Can be known at the UE, e.g., the target cell is “aware” of the UE transmissions and therefore has conveyed the timing adjustment necessary to establish communication with it

Therefore, the need for RACH transmissions in connection to mobility procedures may be avoided in certain circumstances. 
As part of the mobility enhancement study we should look at alternative mechanisms incurring less latency and less overhead that those provided by RACH based mechanisms. 

2.3
Serving cell association
LTE Rel-8 mobility procedures are based on DL measurements at the UE. Therefore, the goal is to associate a UE with its best DL (from geometry point of view). 

· Best DL may not be the best UL 

· In link imbalance scenarios, the reliability of the UE feedback signals (ACK, CQI, PMI, RI) may be in jeopardy. Benefits for the serving cell association rules to take the UL conditions into account should be investigated.

·   Best DL geometry does not mean best user and system throughput in heterogeneous networks

· [8] goes over different aspects of serving cell associations for heterogeneous networks. In this case, associating to the smallest path loss is usually more beneficial than associating with the best geometry. 

Therefore, we see the serving cell association rules as an important aspect of the overall mobility procedure. While for network controlled mobility, the network decides the association between the UE and the network, the network should be provided with the necessary information to make the right choice, e.g., adequate UE measurements and reports. 
2.4
Throughput maximizing handover
The final aspect in relation to mobility procedures that we discuss in this contribution is related to the goal to maximize mobile user and system throughput. In essence, having a mobility procedure with low latency and low associated overhead reduces the “price” associated with a handover. For a very streamlined handover mechanism, the system could seek maximizing throughput by attempting to have the best cell serve the given UE all the time. 

It is in this situation where we can think of fast cell switches to maximize user throughput as opposed to retaining the association with a cell as long as bi-directional communication can be carried out without attempting to use the best possible cell for communication at every point in time. 
3
Conclusion

We have discussed a number of aspects related to mobility procedures relevant for any wireless, mobile, broadband system. These aspects should be considered when carrying out the studies for mobility enhancements. 

The most important goal of these studies should be to provide efficient and effective support of RTS applications. The efficiency and effectiveness of the procedure can be measured in terms of 
· Robustness ( minimal outage probability

· Handover latency ( reduced interruption times

· Overhead ( low overhead mechanism may motivate the possibility to associate to best possible cell all the time. 

In addition, we have discussed association rules (serving cell determination) important in relation to link imbalance scenarios as well as heterogeneous networks. 
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