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Abstract of the contribution: 

The purpose of this document is to discuss some RAN3 issues with the in SA2 currently specified mobility restriction exemption handling when doing an emergency call. The text is taken from the RAN3 DP R3-091166 submitted to RAN3 meeting #64 4th-8th May 2009 with additional stage SA2 related information.
The conclusion and proposal is to add support for providing dynamic updates to the Handover Restriction List (HRL) to the eNB as a general mechanism to handle mobility restriction exemptions. It is also to change the current specifications to prioritize mobility management procedures and do any session related handling after the completed handover procedure.
1.
Introduction

This contribution analyzes some aspects regarding the current E-UTRAN support for the handling of mobility restrictions considering the generally agreed principles and new requirements stemming from the ongoing work on emergency calls, with the aim of identifying one general mechanism that can cover all cases.
2.
Discussion

2.1

General principles

With the current SAE/LTE architecture, the EPC has the responsibility of setting mobility restrictions. Such restrictions are then signaled to the E-UTRAN, which has the task to apply them accordingly. Within the scope of Release 8, it is generally assumed that HRL is static information that does not change within the lifetime of a call, neither in terms of actual restrictions nor in terms of when such restrictions should be active, so that configuring HRL at state transition to ECM_CONNECTED would be sufficient.

Looking at the requirements coming from, for example, emergency call support, it can be seen that this assumption is not valid anymore.

Nevertheless, the principle that mobility restrictions are decided by EPC and applied by RAN shall be kept even when the functionality of the EPS is enhanced due to new requirements.
2.2

Mobility restrictions during emergency calls

When functionality is added to the specifications to support emergency calls, it is a requirement that during emergency sessions mobility restrictions shall not apply.

Although not all bearers in the connection might be emergency bearers, it would be extremely bad under performance point of view to interrupt/delay mobility actions like handover, in order to remove non-emergency bearers before handover, as it could lead to call drops. That mobility actions have precedence over bearer management actions is a well established principle in RAN3 specifications.

More over, it should not be any major issue for the EPC to remove non-allowed bearers from the connection after a possible handover to a restricted area has taken place, preserving the fact that in general only emergency bearers are allowed in restricted areas, but also making sure mobility performance is not jeopardized. 

When thinking about CSFB, it can also be seen that E-UTRAN might need to know that mobility restrictions do not apply, if for example the CSFB in question is related to an emergency call. This is already possible when the CSFB is triggered via Initial Context Setup (as the HRL is an optional IE that can be omitted by the MME in case of emergency call-related CFSB), but there is currently no support in TS 36.413 when the CSFB is triggered by a UE Context Modification.
2.3

Need for a general mechanism for handling mobility restrictions

Thinking beyond the examples described above, it can be seen that in general EPC should have not only a way to inform E-UTRAN of which mobility restrictions are to be applied (in terms of the currently defined lists of not allowed area identities), but also a way to let E-UTRAN know when mobility restrictions should not be applied and when, during the lifetime of a UE context, mobility restrictions shall be re-applied or modified.

This should be a general mechanism of which emergency calls handling and CSFB are just particular examples, but that could be applied at any time by EPC for other reasons (for example, the operator might want to be able to have subscription strategies where a certain user is allowed only in a limited region during the working days and in a broader region in the weekend, etc..). 
The current support in RAN3 specifications allows EPC to signal HRL only at Initial Context Setup and DL NAS Transport, while it is not possible to do the same by for example UE Context Modification.

2.4

Backwards compatibility considerations

When generalizing the handling of mobility restrictions, care shall be taken so that the modifications to the protocols are applied in a backwards compatible way, both functionally and under protocol point of view.

· Protocol compatibility:

This can be ensured by taking advantage of extension containers and by setting appropriately the presence and criticality fields of new/modified information elements;

· Functional compatibility:

The current mechanism for the signaling of HRL works so that (for example in S1AP Initial Context Setup) if the IE is not present, no restrictions apply. If introducing HRL elsewhere, it cannot be counted anymore that absence means ‘no restrictions’ as the MME might not send the IE because it is compliant to an earlier version of the protocol. Hence, there is a need to introduce a field in the HRL to indicate that no restrictions apply, and at the same time the eNB shall assume that the absence of the IE indicates that whatever restriction was signaled before is still valid (if any).

By making sure the above principles are followed, protocol and functional backwards compatibility can be ensured.

2.5
Current SA2 specification

Current TS 23.401 (before emergency support) also supports the view that mobility management is given priority over other procedures (see the marked text in the excerpt below), whereas for emergency services, SA2 has changed the principles and attempts to remove non-emergency bearers during ongoing handover procedures. 
Excerpt from TS 23.401 Rel-8
5.5.1
Intra-E-UTRAN handover
5.5.1.1
X2-based handover
5.5.1.1.1
General
These procedures are used to hand over a UE from a source eNodeB to a target eNodeB using the X2 reference point. In these procedures the MME is unchanged. Two procedures are defined depending on whether the Serving GW is unchanged or is relocated. In addition to the X2 reference point between the source and target eNodeB, the procedures rely on the presence of S1-MME reference point between the MME and the source eNodeB as well as between the MME and the target eNodeB.

The handover preparation and execution phases are performed as specified in TS 36.300 [5]. If handover to the target eNodeB is not allowed according to the Handover Restriction List, the source eNodeB requests the target eNodeB to only create emergency bearers during Handover preparation phase. The source eNodeB requests the MME to release the non-emergency bearers during Handover execution phase. MME releases the non-emergency bearers as specified in in clause 5.10.3.

When the UE receives the handover command it will remove any EPS bearers for which it did not receive the corresponding EPS radio bearers in the target cell. As part of handover execution, downlink packets are forwarded from the source eNodeB to the target eNodeB. When the UE has arrived to the target eNodeB, downlink data forwarded from the source eNodeB can be sent to it. Uplink data from the UE can be delivered via the (source) Serving GW to the PDN GW. Only the handover completion phase is affected by a potential change of the Serving GW, the handover preparation and execution phases are identical.

If the MME receives a rejection to a NAS procedure (e.g. dedicated bearer establishment/modification/release; location reporting control; NAS message transfer; etc.) from the eNodeB with an indication that an X2 handover is in progress (see TS 36.300 [5]), the MME shall reattempt the same NAS procedure either when the handover is complete or the handover is deemed to have failed. The failure is known by expiry of the timer guarding the NAS procedure.
 ...

5.5.1.2
S1-based handover
5.5.1.2.1
General
The S1-based handover procedure is used when the X2-based handover cannot be used. The source eNodeB initiates a handover by sending Handover Required message over the S1-MME reference point. This procedure may relocate the MME and/or the Serving GW. The source MME selects the target MME. The MME should not be relocated during inter-eNodeB handover unless the UE leaves the MME Pool Area where the UE is served. The MME (target MME for MME relocation) determines if the Serving GW needs to be relocated. If the Serving GW needs to be relocated the MME selects the target Serving GW, as specified in clause 4.3.8.2 on Serving GW selection function.

The source eNodeB decides which of the EPS bearers are subject for forwarding of packets from the source eNodeB to the target eNodeB. The EPC does not change the decisions taken by the RAN node. Packet forwarding can take place either directly from the source eNodeB to the target eNodeB, or indirectly from the source eNodeB to the target eNodeB via the source and target Serving GWs (or if the Serving GW is not relocated, only the single Serving GW).

The availability of a direct forwarding path is determined in the source eNodeB and indicated to the source MME. If X2 connectivity is available between the source and target eNodeBs, a direct forwarding path is available.

If a direct forwarding path is not available, indirect forwarding may be used. The source MME uses the indication from the source eNodeB to determine whether to apply indirect forwarding. The source MME indicates to the target MME whether indirect forwarding should apply. Based on this indication, the target MME determines whether it applies indirect forwarding.

If the MME receives a rejection to an S1 interface procedure (e.g. dedicated bearer establishment/modification/release; location reporting control; NAS message transfer; etc.) from the eNodeB with an indication that an S1 handover is in progress (see TS 36.300 [5]), the MME shall reattempt the same NAS procedure when either the handover is complete or is deemed to have failed if the MME is still the serving MME (if the MME is no longer serving the UE, then the procedure fails).
In order to minimise the number of procedures rejected by the eNodeB, the MME should pause non-handover related S1 interface procedures (e.g. downlink NAS message transfer, E-RAB Setup/Modify/Release, etc.) while a handover is ongoing (i.e. from the time that a Handover Required has been received until either the Handover procedure has succeeded (Handover Notify) or failed (Handover Failure)) and continue them once the Handover procedure has completed if the MME is still the serving MME (if the MME is no longer serving the UE, then the procedure fails).
SA2 has also changed the principle for handling of mobility restrictions. As currently specified bearers with an ARP value reserved for emergency services shall, by the eNB, be exempted from mobility restrictions without any consideration of the Handover Restriction List, HRL. Apart from not following normal handling for mobility restriction handling, linking the reserved ARP value together with mobility restrictions can also sometimes be seen as a disadvantage.
So it is proposed that SA2 changes the emergency procedures according to the conclusion below.
3.
Conclusion and proposal

Given the above, it was shown that:

· The LTE/SAE architecture implies that EPC is in charge of setting and modifying mobility restrictions, while the radio access network is in charge of applying them when received;

· Mobility actions shall take precedence over bearer management actions, hence the RAN should not select specific bearers to release prior to handover, but should apply a user-level behavior and let the EPC release bearers the EPC deems as non-allowed bearers after handover is completed;

· Currently RAN3 specifications only support the possibility of signaling mobility restrictions to the RAN at Initial Context Setup/DL NAS Transport, while it is seen that restriction applicability may change while the UE is in ECM_CONNECTED, due to the nature of some of the bearers for the UE, as for example during emergency sessions;

· A general mechanism is preferable and it is possible to maintain backwards compatibility;

Hence, we propose that:

· Support is introduced in TS 36.413, so that EPC can indicate not only which particular handover restrictions are to be applied (content of HRL), but also when they shall not be active (because for example emergency session is ongoing or for other reasons) and when they shall be activated again (because for example the emergency session is finished).

· TS 23.401 is changed so that the removal of non-emergency bearers are performed after the handover to a restricted area is completed.

· TS 23.401 is changed so that the ARP values reserved for emergency services are decoupled from the mobility restriction exemption handling and that the HRL is used for the generic and dynamic control of handover mobility restrictions.
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