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1. Introduction

Prepared handovers are a key concept for LTE. The intra-LTE handover procedures is one of the most extensively discussed and analyzed procedures. However, so far little has been said about potential error cases.

In this contribution we study one such error case and concludes that this motivates the inclusion of the Handover Cancel procedure on the X2 interface. As a consequence a text proposal for TS 36.300 are included.

2. Problem Description
The currently agreed procedure for intra-LTE handovers are described in section 10.1.2, in TS 36.300.
In general it can be said that the procedure consist of the following steps:

1. UE reports measurements to the source eNodeB.

2. Source eNodeB make a decision that the UE should be handed over.

3. Source eNodeB contacts target eNodeB via the X2 interface with a handover request.

4. Target eNodeB performs resource allocation, and responds that it is ok to handover the UE.

5. Source eNodeB sends a handover command to the UE. UE switches and synchronizes to the target cell.

6. Target eNodeB detects the UE and signals to the EPC that the S1 path should be rerouted.

Radio conditions might change rapidly depending on the UE environment. For example fast moving UEs, corner and indoor effects might dramatically change radio conditions in a very short moment of time. 

For that reason, we consider a scenario in where radio contact is lost with the UE during step 4 above, i.e. when the source eNodeB has already sent the handover request, but has not yet commanded the UE to perform the handover.

If the contact with the UE is lost it will basically mean that there will be resources reserved in the target eNodeB, but no UE will arrive to the target cell to make use of those resources. It should be noted that there are other potential situations that might lead to the same result, for example: 

· UE receives the handover command, but can not synchronize to the target cell.

· Source eNodeB makes a new handover decision and decides that another target cell is better (intra-LTE or inter-access).

Any of these situations, would leave resources reserved in the target eNodeB.
3. Analysis

There are two possible ways how to clean “hanging” resources in the target eNodeB.

· Source eNodeB sends a “Handover Cancel” message via the X2 interface to inform the target eNodeB that the reserved resources can be released.

· Target eNodeB starts a timer when receiving the handover request. Should no UE arrive before the timer is triggered the reservation of the resources can automatically be removed.
Timer based solutions are always tricky as they require tuning and optimization by the operator in order to work well. Timer based solutions can never become as efficient as a specific cleanup procedure, as the setting of the timer value will always have to include some margin for a worst case scenario.

Considering that a handover cancel procedure will imply little extra complexity, we believe it is motivated to introduce it on the X2 interface.

3. Proposal

The following text is proposed to 36.300:
19.2.1
X2-CP Functions

The X2AP protocol supports the following functions:

-
Intra LTE-Access-System Mobility Support for UE in LTE_ACTIVE:

-
Context transfer from source eNB to target eNB;

-
Control of user plane tunnels between source eNB and target eNB.

-
General X2 management and error handling functions:

-
Handover cancellation
-
Error indication.

19.2.2
X2-CP Procedures

The elementary procedures supported by the X2AP protocol are listed in Table 19.2.2 below:

Table 19.2.2: X2-CP Procedures

	Elementary Procedure
	Initiating Message
	Response Message of Successful Outcome
	Response Message of Unsuccessful Outcome
	Description & comments

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER SUCCESS
	HANDOVER FAILURE
	Used by source eNB to request a handover to the target eNB

	Handover Cancellation
	HANDOVER CANCELLATION
	
	
	Used by the source eNB to cancel a previously requested handover in a target eNB

	Release Resource
	RELEASE RESOURCE
	-
	-
	Used by the target eNB to signal to source eNB that control plane resources for the handed over UE context can be released.

	Error Indication
	ERROR INDICATION
	-
	-
	Used by the eNB to report errors in a received message provided they cannot be reported by an appropriate response message.


Note: 
this initial list might be extended.
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