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1
Introduction

This document discusses several stage 3 aspects for handover signaling on the S1 interface. This document is an accompanying document for R3-071558 including a stage 3 description on S1 handover signaling procedures.

Basic principles like container handling, the timer handing and resource allocation initiation/reporting are explained in this paper. 
2
Discussion

2.1
Aspects 

2.1.1
Container handling 

In SAE/LTE Handover scenarios (initiated via the S1 interface) transparent containers needs to be used in order to transfer radio related information like used channels in the source side etc. between the source and the target RAN node (and vica versa). This container is passed through the evolved packet core transparently.

For intra SAE/LTE handovers a source eNB to target eNB transparent container (source --> target) and a target eNB to source eNB transparent container needs to be introduced. The source eNB to eNB target transparent container originates from the source eNB and is passed in the Handover Required message and in the Handover Request message via the EPC from the source to the target side. 

In the reverse direction information which needs to be paased from the target to the source eNB is included in the target eNB to source eNB transparent container which is sent in the Handover Request ACK to the EPC and from the EPC in the Handover Command message to the source eNB. 

2.1.2
Timer handling 

There were discussions whether the specification, i.e. whether mentioning a timer within S1/X2AP at all is a matter of 3GPP specification work. In general, procedural specification text, i.e. describing the eNB nodal behaviour can live without timers, if a timer is not visible on the respective interface.

One possible occurence, where specification of timers would make sense is the case where a timer expires in a node and this node wants to inform its communication partner about this fact via a failure notification and a specific, standardised cause value and if the reception of this specific cause value triggers an action which is different from reactions caused by other cause values. 

· to initiate the Handover Cancel procedure and 

· to ensure the triggering of a further HO procedure towards another handover target.
As the definition of specific cause values proofed to be benefitial in former times it is proposed to continue S1(/X2)AP specification work with the defintion of supervisor timers.
The timer supervision is important for handovers which are time critical, in order to keep the service interruption small. 

For SAE/LTE the timer handling as defined in UMTS can be reused; 

Timers, which specify the maximum time for the handover and for certain handover procedure phases like 

· for the overall handover procedure, timer THOverall  in the eNB

· for the handover preparation phase, timer THOprep  in the eNB

· for the resorce allocation, timer THOres in the EPC

· for the handover completion phase timer THOcomp in the EPC
· and for data forwarding. timer TDATAfwd in the eNB. 

2.1.3
Cause values 
Cause values needs to be defined in order to provide to the communication partner precise enough information for within failure messages or to provide within initiating messages the reason why a specific procedure was triggered.  This allows the receiving node to react according to the indicated reason and to trigger an action in the node or to trigger the adequate response etc. 

When working on stage 3 procedure text of the handover procedures, the grouping of cause values as was done in TS 25.413 was found benefitial for SAE/LTE as well ( e.g.  radio network layer, protocol cause etc.).

2.1.4
Resource allocation initiation/reporting

In SAE/LTE the resource allocation is triggered by the MME with the Handover Request message. The outcome of the resource allocation is reported in the Handover Request Acknowledge message. 

The target eNB is requested to allocate resources for all SAE bearers for which information is provided in the Handover Request message by the MME, which includes all SAE bearers that were exsting prior to the handover initiation with the goal to achieve the same configuration as in the source side 

The SAE bearers, which need to be established, are included in a SAE bearer to be setup list within the Handover Request message. 

After receiving the Handover Request message the eNB starts the resource allocation using means e.g. bearer level QoS parameters.

The outcome of the resource allocation needs then be provided back to the source system, i.e. the source RAN node (eNB) to allow the source eNB to apply localyl defined rules. 

Therefore the target eNB responds with the Handover Request ACK message sent to the MME. For the reporting itself, the principles used in UMTS can be re-used in SAE/LTE. 

The outcome is reported for all SAE Bearers, which was requested to be established by the eNB; two separate lists are needed, 

· one list for the successfully established SAE bearers and 

· one for the unsuccessful SAE beaers, SAE Bearer Setup list and the SAE bearer failed to setup list. 

Both lists are used in the Handover response message in order to:

· avoid new handling for the MME compared to the 3G-SGSN 

Note: For the inter 3GPP RAT handovers (GERAN A/Gb mode or UTRAN is the source system) two lists needs to be maintained anyhow and consequently only one approach needs to be implemented in the EPC (for inter RAT and intra LTE/SAE handovers).

For successful established SAE bearers the transport network addresses are provided, which are required to start the appropriate user plane hanlding (e.g data forwarding).

The unsuccessful SAE bearers are reported together with a cause value to report the reason to the source eNB, which could be taken into account to cancel the handover. The cause value for unsuccessful SAE Beares is utilized in the EPC for performance reasons as well, so maintain counters for handovers. 

As soon as a resource allocation was partially possible the successful and unsuccessful SAE bearers are reported in the Handover request response message.  
In the source side (between EPC and eNB) also two lists needs to be introduced in the handover command to report the outcome to the source eNB: 

· SAE bearers subject to data forwarding list, 

· and the SAE bearer Release list.

The mapping between these two lists is as follows:

· The SAE Bearer Setup list IE is copied in the SAE Bearer subject to data forwarding list IE

· The SAE Bearer Failed to Setup List IE is copied in the SAE Bearer Release List IE.

Note: This handling is then inline with the GERAN A/Gb mode and UTRAN handovers.

The unsuccessful operation of the handover procedure are capturing the following failure cases:

· either the EPC or target system is not able to even partially accept the handover 

· or a failure has occured during the Handover Preparation procedure in the EPC
· or the EPC has decided to not continue the handover.  

These cases require a separate failure message: Handover Failure (target side) and the Handover Preparation Failure (source side). The Handover failure messages include appropriate cause values to describe the failure case to allow a proper behaviour in the source eNB.

2.1.5
Release of resources

The release of resources in the source side is triggered by the MME (source) by sendeing the UE context release message towards the S1 interface to the source eN. 

The trigger in the MME (source side) is the notification which needs to be sent to the source MME after it was received from the target eNB. 
2.1.6
Completion phase 
The handover completion is initiated by the target eNB after the reception of the Handover Command sent by the UE. The eNB sends the Handover Notify message to the target MME.

2.2
IEs

The following listed IEs are used in the stage 3 texst proposal for S1 handover signalling: 
· Source ID IE
· Target ID IE

· Source eNB to Target eNB Transparent Container IE

· SAE Bearers subject to Data Forwarding IE

· SAE Bearers to Be Released IE

· S1 transport address IE

· S1 transport association IE

· Cause IE
· SAE Bearer ID IE

· SAE Bearer level QoS parameters IE

· SAE Bearers to Be Setup List IE
· SAE Bearers Setup List IE

· SAE Bearers Failed to Setup List IE
3
Conclusion/proposal
It is proposed to accept the following principles for intra SAE/LTE handovers with EPC involvement (S1 triggered handovers):

1: The used transparent container from the source to the target side is the source eNB to target eNB transparent container, which is transparently passed through the EPC.

2: The used transparent container from the target to the source side is the target eNB to source eNB transparent container which is transparently passed through the EPC. 
3: Two lists are introduced to report the outcome of the resource allocation:

· The SAE Bearer to be Setup List IE, for successfully established SAE Bearers

· The SAE Bearer Failed to Setup List IE, for SAE Bearers which failed to be established 

4: The following mapping rules apply in the EPC:

· The SAE Bearer Setup list IE is copied in the SAE Bearer subject to data forwarding list IE 

· The SAE Bearer Failed to Setup List IE is copied in the SAE Bearer Release List IE. 

5: The inclusion of appropriate cause values in case a handover was not successful e.g. as proposed in the cause value section.
6: The following reasons why the Handover attempt is not successful:

· either the EPC or target system is not able to even partially accept the handover 

· or a failure has occured during the Handover Preparation procedure in the EPC
· or the EPC has decided to not continue the handover.

· or a timer has expired, i.e. no specific reaction from the target side  

All these principles are capture in a separate text proposal for TS 36.413 R3-071558 which needs to be approved as well. 

