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1
Introduction
This contribution aims at completing signalling flows for the following mobility scenarios agreed to be supported in Rel-12
-
SeNB Change:

This scenario supports the change from a source SeNB  to a target SeNB, i.e. all the resources configured for the UE at the source SeNB side.
The most common scenario would be that the bearer contexts configured at the source SeNB are transferred to the target SeNB, but the bearer configuration at the target SeNB may differ from that at the source SeNB.
The release of the source SeNB resources and the configuration of target SeNB resources will be re-configured at the UE with a single RRCConnectionReconfiguration procedure.
-
Source MeNB->target eNB mobility:

This scenario assumes that the bearer contexts configured at the source MeNB and source SeNB resources are transferred to the target eNB, i.e. all the resources configured for the UE will be finally released at the source side and the resulting configuration contains only target eNB resources.
The UE will be re-configured from dual-connectivity at Source MeNB/SeNB towards “single”-connectivity at target eNB with a single RRCConnectionReconfiguration procedure.
2
Discussion

We show in this chapter how signalling elements identified in [1] and available from X2 handover can be utilised to support the agreed mobility scenarios.

This chapter utilises the message names from the schematic signalling graphs used to depict the basic scenarios.
2.1
Source SeNB to target SeNB change (keeping MeNB)

At SeNB change

-
the SeNB UE context is transferred.
A SeNB UE context comprises the X2-C connection towards the MeNB and UE related context and resource information. It also contains

-
at least one bearer context (i.e. radio and E-UTRAN bearer resources), which is transferred to the target SeNBs. It can be expected, that normally all bearer contexts are transferred towards the target SeNB, but this doesn’t necessarily have to be the case.

-
for bearers to be transferred, that are configured with the SCG bearer option

-
data forwarding may take place, either directly between the involved SeNBs or via the MeNB.

-
a path update is performed towards the S-GW

-
for bearers to be transferred, configured with the split bearer option

-
X2-U resources will have to be allocated towards the target SeNB
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Figure 1: SeNB Change.

As can be seen in Figure 1, the SeNB Change can be supported by signalling schemes identified for basic scenarios in [1]:
-
Preparation phase for Addition of T-SeNB (Add 1, Add 2):
The MeNB triggers the T-SeNB to allocate resources for the indicated bearers.
In case these bearers are configured with the SCG bearer option and forwarding is needed, the T-SeNB allocates forwarding tunnels and provide this information to the MeNB.
-
Preparation phase for Release of S-SeNB (Rel 3, Rel 4).
In case of data forwarding Rel 3 provides necessary forwarding addresses to the S-SeNB.
Any time after Sending message Rel 4, the S-SeNB may stop providing user data to the UE and start forwarding.

-
Execution phase for Addtion of T-SeNB (RRC Reconfiguration and Add 3):
The T-SeNB is informed about the outcome of the RRC Reconfiguration in Add 3.

-
Path Update procedure:
In case the bearers in the S-SeNB were configured with the SCG bearer option.

-
Final Release of forwarding and bearer contexts on the source side:
No explicit signalling takes place between the MeNB and the S-SeNB, both nodes will release the resources locally, either after the end of data forwarding, or as early as the S-eNB becomes aware of the fact the the UE doesn’t utilise SeNB resources any more.
Observation 1: The signalling elements identified for the basic scenarios can support the SeNB change mobility scenario.

2.2
Source MeNB to target eNB change (not keeping SeNB)

At Source MeNB to target eNB change

-
the UE context is transferred from the Source MeNB to the target eNB.
The UE context comprises in normal cases all bearer contexts established at the source MeNB and source SenB.
-
for bearers to be transferred, that are configured with the SCG bearer option

-
data forwarding may take place, either directly between the source SeNBs and the target eNB or via the MeNB.

-
a path update is performed towards the S-GW

-
for bearers to be transferred, configured with the split bearer option

-
data forwarding may take place between the source MeNBs and the target eNB.

-
a path update is performed towards the S-GW from the target eNB side.
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Figure 2: MeNB to eNB change.

As can be seen in Figure 1, the SeNB Change can be supported by signalling schemes identified for basic scenarios in [1] and available from Rel-8 X2 handover:

-
Preparation phase for X2 handover from towards target eNB:
If forwarding is needed, the target eNB allocates forwarding tunnels and provide this information to the MeNB.

-
Preparation phase for Release of S-SeNB (Rel 3, Rel 4).
In case of data forwarding, Rel 3 provides necessary forwarding addresses to the S-SeNB.
Any time after Sending message Rel 4, the S-SeNB may stop providing user data to the UE and start forwarding.

-
Execution phase for X2 handover
-
Path Switch procedure
-
Final Release of forwarding and bearer contexts on the source side:
Source MeNB resource release is triggered by the UE Context Release message, no explicit signalling takes place between the source MeNB and the source SeNB, the source SeNB release the resources locally.
Observation 1: The signalling elements identified for the basic scenarios and existing signalling elements from X2 handover can support the Source MeNB to target eNB mobility scenario.

3
Proposal

Proposal 1: It is proposed to agree on the overall approach to achieve the SeNB change procedure and MeNB to eNB change with signalling elements derived for basic SeNB addition/modification/release X2 signalling elements and X2 signalling elements available from X2 handover.

Proposal 2: It is proposed to agree on text for the “running DC CR” [2] as follows:

<<<<<<<<<<<<<<<<<<<< Start of proposed modifications  >>>>>>>>>>>>>>>>>>>>

10.1.2.X.2.y
SeNB Change
The SeNB Change procedure provides the means to transfer a UE context from a source SeNB to a target SeNB.
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Figure 10.1.2.X.2.y-1: SeNB Change procedure.

Figure 10.1.2.X.2.y-1 shows an example signaling flow for the SeNB Change procedure: 

1./2.
The MeNB initiates the SeNB Change procedure procedure by requesting the target SeNB to allocate resources for the UE by means of the SeNB Addition Preparation procedure.
If a bearer context in the sources SeNB was configured with the SCG bearer option and data forwarding is needed, the target SeNB provides forwarding addresses to the MeNB.
3.
If the allocation of target SeNB resources was successful, the MeNB initiates the release of the source SeNB resources. 
If a bearer context in the source SeNB was configured with the SCG bearer option and data forwarding is needed the MeNB provides data forwarding addresses to the source SeNB.
Reception of the SeNB Release Request message triggers the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding.
NOTE:
It is assumed that the MeNB provides the part of the RRCConnectionReconfiguration message that releases SeNB resources. 
4/5.
The MeNB triggers the UE to apply the new configuration.

6.
If the RRC connection reconfiguration procedure was successful, the MeNB informs the target SeNB.
7.
The UE synchronizes to the target SeNB.
8./9. Data forwarding takes place for E-RABs configured with the SCG bearer option. It may be initiated as early as the source SeNB receives the SeNB Release Request message from the MeNB.
Direct forwarding make take place directly between the source SeNB and the target SeNB, if the MeNB provides the address information received from the target SeNB to the source SeNB in step 3.

10.-14. If one of the bearer contexts transferred from the source SeNB were configured with SCG bearer option at the target SeNB, path update is triggered by the MeNB.
10.1.2.X.2.y1
MeNB to eNB Change
The MeNB to eNB Change procedure provides the means to transfer a UE context from a source MeNB/SeNB to a target eNB.
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Figure 10.1.2.X.2.y1-1: MeNB to eNB Change procedure.

Figure 10.1.2.X.2.y1-1 shows an example signaling flow for the MeNB to eNB Change procedure: 

1./2.
The source MeNB starts the MeNB to eNB Change procedure by initiating the X2 Handover Preparation procedure.
The target eNB may provide forwarding addresses to the source MeNB.

3.
If the allocation of target eNB resources was successful, the MeNB initiates the release of the source SeNB resources. 
If the MeNB received forwarding addresses and a bearer context in the source SeNB was configured with the SCG bearer option and data forwarding is needed the MeNB provides data forwarding addresses to the source SeNB.
Reception of the SeNB Release Request message triggers the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding.
NOTE:
It is assumed that the target eNB provides the part of the RRCConnectionReconfiguration message that releases source SeNB resources. 
4.-6.
Upon reception of the SeNB Release Response message the MeNB provides the new configuration to the UE. The UE synchronizes to the target eNB.
7./8.
Data forwarding takes place. 
For the SCG bearer option, it may start as early as the source SeNB receives the SeNB Release Request message from the MeNB. Forwarding user data make take place directly between the source SeNB and the target eNB, if the MeNB provides the address information received from the target eNB to the source SeNB in step 3.
For the split bearer option (not shown in Figure 10.1.2.X.2.y1-1), data forwarding takes place between the source MeNB and the target eNB and may start as early as the MeNB initiates the RRC connection reconfiguration procedure.
9.-13. The target eNB initiates the S1 Path Switch procedure.

14.
The target eNB initiates the UE Context Release procedure towards the source MeNB.
<<<<<<<<<<<<<<<<<<<< End of proposed modifications  >>>>>>>>>>>>>>>>>>>>
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4
Annex: Elementary flows as introduced in chapter 2.3 of [1]
The figure below shows schematic signalling for the basic addition/medication/release scenarios supported in Rel-12. Common to all scenarios are the RRC messages RCR (RRCConnectionReconfiguration) and RCRC (RRCConnectionReconfigurationComplete). X2 messages are first assumed to be different for each scenario in order to check whether messages can be re-used among scenarios and how to group the messages into class 1 and class 2 EPs.
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Figure 1: Schematic signalling flows for basic DC scenarios.

Note:
Sending of messages shown in dashed lines is dependent on the actual details of the scenario (see also Table 1).

E.g. signalling for MeNB triggered SeNB Modification with messages Mod3 and Mod4 do not necessarily always result in RRC Reconfiguration.

There are also release cases, where the UE is already gone from SeNB resources and the X2 SeNB Release is just about cleaning resources.

Need for discussions on the necessity of certain messages is indicated by a “?”.
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