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1
Introduction

This contribution proposes text for TR R3-018 in order to capture the current status of discussions on Mobility Support for UEs in LTE_ACTIVE.

Basically, it proposes to discuss ACTIVE mobility in 2 dimensions: C-Plane and U-Plane (well knowing, that there is an interrelation, but we are confident that this approach works to the required extent).

2
Discussion

2.1
C-Plane

2.1.1
Option C-1) HO procedure with MME/UPE involvement

This option involves the MME/UPE in the HO preparation phase and HO completion phase. In the HO preparation phase the request to reserve resources for the user plane between eNode B and UPE and to allocate radio resources such as cell specific UE-id and user-plane buffer at the target side are sent via MME/UPE. The outcome of the HO preparation phase is sent back to the source side via the MME/UPE to trigger the HO execution phase. Furthermore the deletion of the radio resources and user plane resources between eNode B and UPE at the source side is also triggered via the MME/UPE. 
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Explanation of the messages should be obvious and might need to be added.

2.1.2
Option C-2) HO procedure without MME/UPE involvement 

In this option the HO preparation messages are directly exchanged between the RRC entities without MME/UPE involvement. The release of the resources at the source side during the HO completion phase is triggered by the MME/UPE (see step 14). 
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Explanation of the messages should be obvious and might need to be added.

2.1.3
Option C-2) Re-establishement without MME/UPE involvement 

This section describes the re-establishment of signalling connection in case the UE re-connects to a cell controlled by a different eNodeB then the eNodeB that controlled the cell the UE received radio resources before the connection was lost.
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This option is not discussed for U-Plane, as it is assumed that requirements for the avoidance of data loss do not apply at radio failure cases.

2.1.4
Open issues for C-Plane handling 

-
Release of resources at the source side at HO completion (timer triggered or message  triggered)

-
Role of aGW during HO preparation phase

-
Harmonisation with inter-access mobility in ACTIVE mode

-
HO decision: which node to take final decision (source RRC/eNodeB, aGW/central node)

-
Involvement of a central node for measurement & cell load control (and possibly other RRM topics). 

-
content of context data at HO preparation and HO completion.

-
Interaction with NAS/service signalling

-
early or late path switch at MME/UPE triggered by Source RRC or Target RRC, respectively

-
Release of resources triggered by MME/UPE or Target RRC

-
C-plane handling in error cases.

-
etc.

2.2
U-Plane – mechanisms for data loss avoidance / support of seamless/lossless services

2.2.1
Option U-1) Bicasting at Access Gateway

This option foresees that a user-plane connection between the Access Gateway and the target eNodeB is established and data packets are bi-cast towards both, the source and the target side until the UE has gained access on the target side. No packet forwarding is performed between source and target eNodeB. Therefore, this mechanism is not applicable to Option C-2 with late path switch. This option requires the following actions:

U-1-1) U-Plane Handling during HO Preparation

The access Gateway needs to get the target U-Plane address(es) before the completion of the preparation phase. (Option C-1: at receipt of HO REQUEST ACK message, Option C-2: at receipt of the PATH SWITCH message but only for the early path switch approach) and starts bi-casting immediately

U-1-2) U-Plane Handling during HO Execution:

The Access Gateway continues bi-casting.

U-1-3) U-Plane handling during HO Completion

At HO Completion notification from the “target RRC” entity, the Access Gateway may stop sending user data towards the source side.

There is no necessity for packet re-ordering at the target eNodeB. However, sequence numbering is required to avoid duplication of packet delivery over the air.
2.2.2
Option U-2) Forwarding Source eNodeB ( Target eNodeB

This option foresees that a tunnel between Source eNodeB and Target eNodeB is established, similar to the forwarding tunnel between RNCs in the Rel-6 baseline architecture. 

Regarding the user plane path switch, the following options are possible:

a. Early path switch: The path switch at the aGW is performed in parallel to the radio synchronization between UE and target eNodeB:  
Option C-1: after sending HO COMMAND message to the source RRC 
Option C-2: upon reception of PATH SWITCH message (Option 1). 

b. Late path switch (Option C-2): After receiving of PATH SWITCH message (Option 2) from the “target RRC” entity, the user plane path is switched at the aGW from the source to the target. 
This option requires the following actions:

U-2-1) U-Plane Handling during HO Preparation

“Source RRC” entity receives target U-Plane address(es) at the completion of the C-Plane preparation Phase (Option C-1: at receipt of the HO COMMAND message from the aGW, Option C-2: at receipt of the HO RESPONSE message from the target eNodeB). 

The Access Gateway needs (Option C-1: at the receipt of the HO REQUEST ACK message)/does not need (Option C-2) to get the target U-Plane address(es) before the completion of the preparation phase.

U-2-2) U-Plane Handling during HO Execution:

during this phase, service dependent and implementation specific handling of U-Plane may be possible, 

-
either bicasting of user data from source eNodeB towards source air interface and towards target eNodeB until UP resources on the source side are released.
-
or the source eNodeB stops sending of user data towards source air interface and forwards user data towards target eNodeB until UP resources on the source side are released.

In case service dependent HO handling is decided to be beneficial, the respective QoS information to apply the appropriate user plane handling needs to be present at the source eNodeB. 
U2-3) U-Plane handling during HO Completion

At HO Completion notification (Option C-1; Option C-2 for early path switch) or at PATH SWITCH (Option C-2 for late path switch) from the “target RRC” entity, the Access Gateway switches the data path towards the target eNodeB. 

The target eNodeB might need to re-order packets received from the Access Gateway and the source eNodeB. Sequence numbering maybe not needed for a forwarding procedure without bi-casting (only the last UP packet must be marked transmitted from aGW via Source to Target eNode B).

2.2.3
Option U-3) Switch at Access Gateway

This option foresees that the user-plane connection is switched from the source to the target side “just in time”, avoiding interruption and data loss as much as possible. No packet forwarding is performed between source and target eNodeB and no bi-casting at all. Therfore, this mechanism is not applicable to Option C-2 with late path switch. This option requires the following actions:

U-3-1) U-Plane Handling during HO Preparation

The Access Gateway needs (Option C-1: at the receipt of the HO REQUEST ACK message)/does not need (Option C-2) to get the target U-Plane address(es) before the completion of the preparation phase.U-3-2) U-Plane Handling during HO Execution (Option C-1 only):

The main challenge of this proposal is to ensure low interruption time if this is required. There are several ways to achieve this:

a.
Interaction between U-Plane and C-Plane: 


When the aGW has received the resource confirmation from the target side, it commands the HO right after the next-to-be-sent UP packet has been submitted to the eNodeB. The eNodeB has the task to wait sending of the HO Command to the UE until this last (possibly specially flagged packet) has been successfully submitted to the UE. In the meantime UP packets are already sent towards the target side. Handling of fallback in HO failure cases is FFS.


The Acces Gateway continues to send user data towards the source side until no packets are acknowledged or it begins to receive packets from target side. Then it switches to the target side and starts sending packets to it.
b.
Based on the detection of loss of ACKs from source eNodeB


The Access Gateway continues to send user data towards the source side until the packets are positively acknowledged (either within a time-window controlled by the aGW or through explicit NACKs) or it begins to receive packets from target side. Then it switches to the target side it starts sending packets to it . Handling of fallback in HO failure cases is FFS.

U-3-3) U-Plane handling during HO Completion

Latest at HO Completion notification (Option C-1 or Option C-2 for an early path switch) from the “target RRC” entity, the Access Gateway shall continue sending user data towards the target side.

There is no necessity for packet re-ordering at the target eNodeB.

2.2.4
Open Issues for U-Plane handling

Evaluation of the Options w.r.t. the following items is necessary:

-
interruption time of user data flow as perceived by the UE and the corresponding node (in fact the Access Gateway) during Handover Execution Phase

-
necessity of re-ordering user data packets at the target eNodeB

-
necessity to buffer user data in the involved nodes

-
overall delay introduced by the means to avoid user data loss

-
necessity to acknowledge user data packets

-
necessity to exchange PDU/SDU sequence numbers either in-band or out of band

-
U-plane handling in error cases
-
necessity for early path switch (in parallel to the radio synchronization)
-
necessity for service dependent and implementation specific handling of U-Plane

-
etc.

3
Proposal

It is proposed to incorporate section 2 into TR R3-018.
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