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1
Scope 

This document provides technical background regarding the stage 3 work for handover signaling on the S1 interface. The stage 3 description is provided in R3-070xxx and is based on the agreed stage 2 document R3-070722 approved during the email approval until 20th of April. 

This document is an accompanying document for R3-070zzz including a stage 3 description on S1 handover signaling procedures.
2
Topics 

2.0
Principles

Basically principles which are in use for UMTS should be used for SAE/LTE as well such as: container handling, timer handling, usage of cause values etc.
2.1
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). The content of this container is passed through the evolved packet core transparently.

Dependent on the RATs between which handover takes place and on the handover direction, different containers have to be used to provide information from the source to the target system and form the target to the source system:  

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 eNB. The target eNB to source eNB transparent container is sent in the Handover Request ACK to the EPC and from the EPC to the source eNB in the Handover Command message. 
For inter-3GPP handover scenarios the following containers needs to be used:

· SAE/LTE ( UTRAN Iu mode : source RNC to target RNC transparent container and target RNC to source RNC transparent container 

· SAE/LTE (  GERAN A/Gb mode : source BSS to target BSS transparent container and the target BSS to source BSS transparent container

Since the source adopts target principles should apply for such inter 3GPP handovers the target system always receives the container in the correct format and coding.

The content of these tranparent containers (e.g. channel information) needs to be discussed (Q1) 

2.2 
Addressing
For SAE/LTE the SAE bearer which needs to be setup during handover and therefore a SAE bearer ID needs to be introduced, similar to the RAB ID for the Radio Access Bearer in UTRAN. 

For indicating in handover messages the source ID and target ID needs to be provided to the EPC. The eNB with respect to the handover target system the correct target ID address needs to be provided, e.g. for GERAN A/Gb mode the cell global identitiy is used  whereas for UTRAN Iu mode the RNC-ID (+RA) is used. 

Due to the fact that in SAE/LTE network sharing needs to be supported the EPC-ID as well as eNB-ID sould be defined globally, i.e. a global EPC-ID and a global eNB-ID are needed. 

In order to establish the user plane, IP addresses and tunnel endpoints needs to be signaled in certain signaling messages in the S1-MME interface: Transport layer Address (IPv4 and IPv6) and S1 Transport Association. 

To establish the application layer during setup and handover the PDP type (IPv4 or IPv6) needs to be provided between EPC and E-UTRAN. 

2.3
Timer handling 

The different handover procedure phases needs to be supervised (monitored/traced) by timers in order to give the sending entity the possibility to react in case no response is received, to be able to cope with error situations. This ensures that after the timer expiry a further handover attempt can be started. 

This 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 procedure, needs to be introduced:

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

If it is felt necessary to establish general rules for timer handling, or to contemplate on timerhandling for S1/X2 AP in general then description of timer handling should be postponed to Athens in August.
2.4 
Cause values

Cause values needs to be defined in order to provide precise enough information for failure cases or for the reason why specific procedures were s 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.  

In general, "XY not supported" cause values indicate that the related capability is missing. On the other hand, "XY not available" cause values indicate that the related capability is present, but insufficient resources were available to perform the requested action.
When working on stage 3 procedure text of the handover procedures, no reason was detected to not use the same or a similar grouping as proposed in TS 25.413 for SAE/LTE as well e.g.  radio network layer, protocol cause etc.

2.5 
Outcome of the resource allocation

In SAE/LTE the trigger 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 request to allocate resources for all SAE bearers which are provided in the Handover Request message by the MME. The MME includes all SAE bearers in the handover request message which were exsting prior to the handover initiation with the goal to achieve the same configuration as in the source side (prior to the handover). 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 all 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). The 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 Beaer Setup list and the SAE bearer failed to setup list. 

It is proposed to include both lists in the response in order to:

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

· avoid two different solutions for inter 3GPP RAT and for intra SAE/LTE HO; in handover scenarios to UTRAN as source sytem two lists and possible related interworking issues. 

 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. 

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.

How to handle the SAE bearers subject to data forwarding list, either “copy and paste” of the SAE Bearer Setuo list or a modified and therefore restricted list of the SAE bearer Setup list is left open (SA2 LS). (Q2)

2.7 
Unscussesful operation 

The unsuccessful operation of the handover procedure are capturing failure the following 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). 

As soon as a resource allocation was partially possible the successful and unsuccessful SAE bearers are reported in the Handover request response message.  
2.8 
Abnormal conditions 

If the target eNB indicated in the HANDOVER REQUIRED message is not known to the EPC, this could be extended in general. This is not only related to an unknown eNB, this mechanism could be extended for e.g cause values etc. 

2.9
Bearer level QoS parameters 
As defined in TS 23.401 for an EPS (evolved packet service) are associated to the bearer level QoS parameters: label and ARP. The ARP is understood as “Priority of Allocation and Rentention”. Other parameters which can be found at the moment are GBR, MBR and for non-GBR services a so called AMBR (aggregate maximum bitrate).   

In contrast to UMTS the ARP concept is only based on priority levels which are used to allocate radio resources in the eNB. The priority levels are understood as criteria to “pre-empt” lower priority against higher priority SAE bearers when exceptional resource limitations happen e.g. during handover scenarios. 

The ARP concept for SAE/LTE does not rely on features like pre-emption indicators, vulnerability etc. (Q3)

So for SA/LTE only the prirortiy levels are taken into account in the eNB to allocate radio resources. As stated in TS 23.401 the criteria to feed the scheduler during DL transmission is based on GBR, MBR.

The current stage 3 description provided in document R3-070xxx includes already the ARP handling and refers only to the bearer level QoS parameters. 

A remaining point with respect to the GBR, MBR as well as AMBR is the range and granularity to define the bitarte in these fields: should we directly use the “extended GBR, MBR”? (Q4)

Another issue which needs to be resolved is the terminology of the EPS bearer part between Serving SAE GW and the UE. (Q5)

2.11 
Interaction with other procedures 

The interaction of different procedures, if during an already ongoing procedure, another procedure is triggered need to be studied. 

It needs to be defined which procedure takes precedence over other procedures with goes inline with the classification of elementary procedures. 

Examples given in TS 25.413 how to define the precedence between different procedures are the following:
Interaction with class 1 procedures

During an ongoing handover preparation procedure and if the eNB receives another S1AP message of a class 1 proceude, the interaction needs to be defined. 

The possibility the eNB has is to either 

· Cancel the handover

· Terminate the initiated S1AP procedure.

Interaction with Handover Cancellation 

In case the source eNB triggers the Handover Preparation towards the EPC, and there is no response message received in the eNB before timer THOprep  the eNB triggers the Handover Cancel procedure. 
Interaction with UE context Release 

In case the timer THOres expire in the EPC during the Handover Resource Allocation, i.e. no response message is reveived in the EPC (from the target eNB), the EPC triggers the UE context release procedure. 

This are a few interaction scenarios which are occurring during Handovers.  Futher scenarios needs to be discussed (Q6).

2.12
Interaction with other features 

The usage of the following features in SAE/LTE, which are supported in UMTS, needs to be discussed:
SNA ---- shared network area concept, an other concept will be introduced in SAE/LTE, details are not yet captured in stage 3 

PUESBINE ----- > not needed in SAE/LTE

Service HO ----- > not needed in SAE/LTE

Alternative RAB parameters, QoS negotiation on S1: no support yet confirmed (Q6).

Allocation Rentention Priority: only priority levels are currently discussed in SA2, no support of e.g queuing, pre-emption capability like (“may be pre-empted”), pre- emption vulnerability (Q7).

Provision of Cell load information: This topic has not yet been discussed for SAE/LTE (Q8). 

Data Volume report : whether this feature is needed for SAE/LTE needs to be dicussed (Q9).
Trace functionality: the provision of trace information during handover needs to be discussed (Q10).
Security information: which security parameters need to be provided during handover (Q11).

2.13
List of IEs 

The following listed IEs are already 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

· Source RNC to Target RNC Transparent Container IE

· Source BSS to Target BSS 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 Bearer Setup List IE

· SAE Bearer Failed to Setup List IE
3
Identified open issues 

The following topics listed here, are not yet included in the provided stage 3 descrption on handover signaling, needs to be discussed and elaborated further:

· Q1: What is the content of the tranparent containers used within SAE/LTE?  

· Q2: How to handle the SAE bearer subject to data forwarding list: either “copy and paste” of the SAE Bearer Setuo list or is it modified list? 

· Q3: Is it the correct assumption that the ARP concept for SAE/LTE does not rely on features like pre-emption indicators, pre-emption vulnerability etc.? 

· Q4: How to use Bearer level QoS parameters like GBR, MBR, AMBR during handover?

· Q5: How should be name the EPS bearer part between Serving SAE GW and the UE?

· Q6: Further interaction scenarios which occur during handovers needs to be discussed.

· Q7: Is it the correct understanding that alternative RAB parameters are not supported at the moment? 
· Q8: The Provision of Cell load information during handover needs to be discussed. 

· Q9: Data Volume report: whether this feature is needed for SAE/LTE?
· Q10: Trace functionality: the provision of trace information during handover needs to be discussed?

· Q11: Security information: Which security parameters need to be provided during handover? 

4
Proposal 

It is proposed to discuss the identified open issues listed in the document. In addition the provided input in R3-071020 to TS 36.413 on S1 handover signaling based on the explanations in this document needs to be discussed and should be approved. 
