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1. Introduction
A study item was approved in RAN to discuss the performance, and possible enhancement of the mobility procedures in E-UTRAN [1]. We present a list of techniques that could potentially be used to enhance the performance of mobility in E-UTRAN. 
The three techniques described are

1. Forward handover


2. Prepared cell set

3. Physical layer signalling between UE and target cell

The first two solutions provide for fast recovery from RLF, and reduce resulting transitions to RRC-Idle State. The third solution reduces the number of RLFs by improving the robustness of handover signalling.
2. Methods to enhance performance
2.1
Forward Handover
2.1.1
Description

Forward handover is a method that allows for efficient recovery from RLF in case the target cell is not prepared for handover, without the UE having to go through RRC-Idle. The RAN2 and RAN1 support for forward handover is already part of Release-8, but RAN3 support is not part of Release-8. 

Forward handover allows an unprepared target cell to use backhaul messaging to fetch the UE’s context and buffered packets from the source cell, and re-establish the RRC connection with the UE without having to go through RRC-Idle.  A high level call flow is shown in Appendix A, and some prior documents on the subject are [3], [4].
2.1.2
Discussion

This situation with a target cell being unprepared following RLF can occur in two ways

· Uplink measurement report being lost, resulting in the source cell not preparing any target cells

· Signal strength fluctuations, resulting in the UE attempting to re-establish at a cell that was not listed in a prior measurement report sent the source eNB.
In case the target cell is unprepared, the benefits of forward handover are as follows

· Prevents the UE from going to RRC-Idle after RLF

· Reduces the interruption in service, because data connectivity can be restored quickly to the UE, without the extra signalling that is needed to recover from RRC-Idle. 

· Allows buffered data at the source cell to be delivered through the serving cell. This could be beneficial for applications like TCP that react unfavourably to data loss

· The Release-8 E-UTRAN UE already supports the signalling needed to support forward handover, and the only addition to support this enhancement is the introduction of one additional message and related procedure to the backhaul protocol.
2.2
Prepared Cell Set
2.2.1
Description

LTE Rel-8 already allows a target cell to be prepared, and the UE to be made aware of the preparation information. LTE Rel-8 however restricts UE awareness of target preparation to one prepared cell. A Prepared Cell Set procedure would allow the source eNB to inform the UE of multiple prepared target cells. 
The key points of prepared cell set are as follows. 

· the source cell may prepare multiple target cells for handover, and inform the UE about this preparation.  The UE may be informed of the following information for the prepared cell

· (a) system information, and 
· (b) assigned bearer and RRC level configuration. 
· The UE simply stores this information, until a re-establishment at the target cell is required. 
· At the time of re-establishment, the UE applies the configuration. 
The trigger for cell preparation could be measurement reports that indicate certain target cells crossing a threshold. Preparation should happen before handover becomes imminent, e.g. say when the target cell exceeds “source cell minus offset”, or exceeds a fixed threshold. Such measurement triggers already exist in the RRC specification.
At the time handover is imminent, the source cell may follow normal handover procedures and send a handover command to the UE. The trigger for this handover command may be the target cell exceeding “source cell plus offset” (event A3).  If this handover command is successful, then the existing release-8 procedures apply. However, if the handover command fails due to either a failure of the measurement report, or the handover command, then the UE awareness of prepared cells improves performance by allowing for quick recover without having to go through RRC idle state.
The benefits of the prepared cell set are as follows

· If the handover command fails, and the UE enters RLF, then the UE can re-establish the RRC connection at any of the prepared target cells without some of the usual latencies 
· (a) waiting to read the SIB 
· (b) configuring the bearer and RRC level configuration. 
· If the UE enters RLF and re-establishes at a prepared target cell, the target cell would send a backhaul message to the source cell requesting for buffered packets to be transferred. Until the time of handover, no data packets are sent to the prepared cells.
Compared with the forward handover solution, the prepared cell set reduces the interruption by pre-configuring the UE with the target cell information for multiple targets. However, forward handover continues to be useful in the case of re-establishment at a cell that is not prepared.
Note that the prepared cell set solution does not require any physical layer communication between the UE and non-serving cells, and the introduction of “Prepared Cell Sets” do not require any change to the physical or MAC layers at the UE or eNB.
2.2.2
Discussion

The benefits of UE awareness of multiple prepared cells are seen in case of RLF. The interruption duration is reduced in the following ways.

(a) Avoid waiting to read the SIB of the target cell after RLF. This is relevant even if the target is prepared.
(b) Avoid the round trip latency associated with configuring bearers and other RRC state during connection re-establishment. This is relevant even if the target is prepared.

(c) Avoid the backhaul latency of fetching the UE state from the core network, before the bearer and RRC configuration can be established. This improvement is relevant only for unprepared target.

The reduction in interruption duration is described in a companion paper [2], where the reduction in the number of RLF events causing a transition to idle state is also shown.

2.3
Physical Layer Signaling between UE and target cell 

2.3.1
Summary

In UTRAN, the measurement report benefits from uplink diversity, where the message can be decoded by the target cell, in addition to the source cell. This is useful in cases where the source cell signal strength falls suddenly, while the target cell has sufficient strength. Note that in UTRAN the target cell is typically part of the active set at the time handover is initiated, because the threshold at which a cell becomes part of the active set is lower than the threshold where cell switch is initiated.

This method involves adding a similar benefit for E-UTRAN. As opposed to the other two solutions (forward handover and prepared cell set) which provide for efficient recovery from RLF, this solution reduces the number of RLF events. Some simulation results for this method are provided in a companion paper [2], where it is shown that the number of transitions to idle state is reduced by this method.
2.3.2
Control Plane

The UE sends measurement report messages that provide the network with an indication of the prevailing signal strength from the cells the UE is able to detect. Based on these reports, the network assigns an active set of cells.


2.3.3
Uplink Signalling

For the uplink measurement report that triggers handover, loss of the message over the air can result in a failed handover.  This problem does not exist in UTRAN, due to the use of uplink macro diversity.

For E-UTRAN, similar gains to uplink signalling reliability can be obtained by allowing an active set of cells to receive and process uplink measurement reports.

2.3.3
Downlink Signalling

For the downlink handover command, loss of the message over the air can result in a failed handover. This problem was addressed for UTRAN by allowing the UE to decode the HS-SCCH from the target cell, in addition to the serving cell.

For E-UTRAN, similar gains to uplink signalling reliability can be obtained by allowing a potential target cell to deliver the handover command to the UE.

2.3.4
Feature Details

Providing an active set in E-UTRAN that is similar to the active set in UTRAN will involve changes in both the control plane (RRC) and the physical layer procedures at the UE. These details should be discussed and decided by the group in case such an enhancement is found to be desirable.
3. Conclusions
This paper presented three possible enhancements to the mobility procedure in E-UTRAN. These, and other candidate enhancements should be included in TR resulting from study item [1].
4. Appendix 

A: Message flow for forward handover
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Figure 1: Message flow for forward handover
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