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1
Introduction
This contribution aims at listing and discussing all mobility scenarios for dual connectivity, i.e. scenarios which either involve more than 2 eNBs (i.e. more than a single MeNB and a single SeNB) or where two of the involved eNBs change their role without the need to revert to “single connectivity” first.
Discussing these “mobility” scenarios aims at estimating the effort to be spent on optimising these, as it is easily conceivable that each of those “mobility” scenarios can be supported by signalling means required for “non-mobility” scenarios and existing X2 HO functions.
Aspects on RRC signalling would need to be addressed within RAN2, it is expected that efficient support of any of the listed mobility scenarios would require RRC protocol support to signal all relevant updates of the radio configuration in a single RRC message.
The mobility scenarios discussed within these papers are as follows:

1.
inter-SeNB mobility – keep MeNB

2.
inter-MeNB mobility – keep SeNB

3.
inter-MeNB mobility – remove SeNB

4.
inter-MeNB & inter-SeNB mobility
5.
inter MeNB while source MeNB becomes target SeNB
As stated above, each of the above scenarios can be supported by reverting from dual-connectivity back to single-connectivity, performing X2 HO (if applicable) and to establish dual-connectivity again. 
Any open issues stemming from non-mobility scenarios are of course applicable here as well, but no explicitly listed. 

2
Discussion
2.1
Inter SeNB mobility – keeping MeNB
Significant for this scenario is the fact that the anchor point at the MeNB is kept unchanged, i.e. this scenario does not foresee mobility of the S1-MME termination point at the E-UTRAN.
This scenario is probably the most common mobility scenario. One can easily imagine the likelihood of inter-pico mobility within a pico-cell-cluster under a common macro cell’s coverage.
A possible message flow might look like as follows:
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Figure 2.1-1: inter-SeNB mobility – keeping MeNB.
As can be seen in Figure 2.1-1, this scenario can be supported by utilising signalling necessary for non-mobility scenarios discussed for non-mobility scenarios in [1].
The main effort to be spent in terms of complexity is comparable to the effort for a “normal” X2 HO and can be seen at the MeNB side for co-ordinating the SeNB mobility, dealing with the control of 2 X2 interface instances and RRC signalling.

As can be seen from Figure 2.1-1, step 6, it is expected that the MeNB configures the release of S-SeNB resources and the addition of T-SeNB resources in a single RRC message (i.e. there is not separate RRC signalling foreseen in the course S-SeNB Release in steps 11 and 12.). The SeNB Release procedure in steps 11/12 would then need to support the function on RNL level only (removal of radio and X2 resources without UE interaction).

Steps 3&4 are introduced to support data forwarding (step 5) in case SeNB bearers are configured with the direct S1-U bearer option, i.e., the only function of SeNB Modification is to establish data forwarding resources. It could be that the MeNB has configured direct bearer resources in S-SeNB and is about to configure split bearer resources in T-SeNB, in which case step 5b is not applicable.

Starting data forwarding (5a) should be implementation dependent.

Steps 5a and 5b indicate that U-plane path for data forwarding would go via the MeNB. Optimisation of the data forwarding path would be of course possible, if the MeNB does not provide its own TNL addresses but just relays TNL addresses as received from the SeNBs. This would of course require knowledge on the availability of direct X2-U connectivity between the SeNBs (this could be assumed in pico-cluster deployment scenarios, a standardised solution would obviously require the exchange of respective capability information among the involved eNBs). 

Observation 1:
Inter-SeNB mobility while keeping the MeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen rather frequently.
2.2
Inter MeNB mobility – keeping SeNB

Significant for this scenario is the fact that the anchor point is moved from the S-MeNB to the T-MeNB. It would be straight forward to perform this by utilising existing X2 handover signalling. It is expected that SeNB related information would need to be transferred in between the involved MeNB.

The likelihood of this scenario to occur is assumed to be less than for the previous scenario. One can imagine this scenario to happen in between MeNB coverage areas, where an SeNB spans across the overlapping macro area. Whether or not this scenario should be supported depends on the effort to do so. 

RRM-wise net-work-planning-wise it could make sense to allow it without reverting back to single-connectivity.
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Figure 2.2-1: inter-MeNB mobility – keeping SeNB.
As can be seen in Figure 2.2-1, X2 HO would need to take place in order relocate the MeNB function towards the target MeNB.

1.
The Handover Request message in step 1 would have to carry SeNB context information (any information that would be needed to transfer SeNB information as available at the S-MeNB to the T-MeNB). 

2./3.
The SeNB Addition procedure doesn’t actually add SeNB resources, it basically establishes the X2 signalling connection between the T-MeNB and SeNB. In case SeNB bearers are configured with the direct S1-U bearer option, a new security context would need to be established, as security material should be derived from the T-MeNB (dependent on SA3 schemes under development).
5.
Data forwarding addresses might have been exchanged in steps 1 and 4, in which case data forwarding could start as early as shown above, exact timing is implementation specific as for X2 handover.
10. The S-MeNB releases the signalling connection towards the SeNB. In case of data forwarding this may happen when UP packets with the end marker have been received.

12.
The T-MeNB releases the X2 signalling connection towards the S-MeNB, as for any normal X2 HO. 

Observation 2:
Inter-MeNB mobility while keeping the SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen less frequently than the first scenario.
Support of this scenario would touch X2 interface signalling for X2 HO.
SA3 involvement would be necessary as a new security context would need to be established at the SeNB, derived from T-MeNB credentials.
2.3
Inter MeNB mobility – remove SeNB

This scenario optimises SeNB resource handling in a way that Source-MeNB and Source-SeNB resources are handed over towards a Target-MeNB without reverting to single-connectivity at the Source-MeNB first.
This scenario may happen at the boarder of pico-clusters, so the likelihood of it to happen is probably similar to the second scenario, for sure less than the first one.
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Figure 2.3-1: Inter-(M)eNB mobility – remove SeNB.
Again, this scenario is a combination of X2 HO and DC actions.

1./2.
The X2 HO messages (Handover Request/Response) wouldn’t need to carry any SeNB/DC specific information. All resource information should be available at the S-MeNB. 

3./4. In case data forwarding needs to be supported, SeNB Modification (MeNB triggered) as in scenario 2.1, prepares data forwarding data paths.

5. Data forwarding may take place as early as shown in the figure above. The exact timing is implementation dependent.

11./12. The Source MeNB would need release SeNB resources before it finally releases the UE context.

Observation 3:
Inter-(M)eNB mobility while removing the SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen less frequently than the first scenario.
2.4
Inter MeNB & Inter SeNB mobility

This is probably the most complex scenario with the most questionable benefit and applicability. The need to support it would only occur, if Source-MeNB/SeNB borders overlap with the Target-MeNB-SeNB border in a way that both kinds of mobility really occur at the same time.
Nevertheless, an attempt had been made to show a message flow.
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Figure 2.4-1. Inter-MeNB/SeNB mobility.

The scenario shown in Figure 2.4-1 can be regarded as a combination of X2 HO and DC actions.

The “S-SeNB info” shown in message 1 relates to data forwarding information.
Data forwarding and related signalling in steps 7a and 7b are shown directly between the source and target nodes for simplicity reasons, for 7b signalling may go via several nodes.

Like for the second scenario, additional effort needs to be spent for DC specific information within X2 HO signalling.

Observation 4:
Inter-MeNB&SeNB mobility while removing the SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen less frequently than the first and the second scenario.
The effort to be spent in terms of additional functions and signalling elements is similar to the second scenario.
2.5
Inter (M)eNB mobility while source MeNB becomes target SeNB

This scenario could be useful e.g. if a UE that was served by a pico node only should be configured for dual configuration where the covering macro cell becomes the target MeNB, however, the need to optimise signalling for this scenario and its likelihood to happen should be studied first.
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Figure 2.5-1: Source eNB becomes T-SeNB.

As indicated by showing messages 2 and 3 (SeNB Addition) in broken line, X2 HO signalling messages may carry SeNB Addition related content, however, this is not recommended, in order to keep X2 signalling modular. Further, X2 HO signalling would need to co-exist with DC signalling on different X2-C connections (if no special signalling means are provided, which is not recommended as well.)
Content for RRCConnectionReconfiguration would then come from the S-eNB (future T-SeNB) during SeNB Addition signalling and the T-MeNB (assembling MeNB and SeNB content).

Random Access would be performed towards the T-MeNB only, the UE should be time-synchronised towards the T-SeNB already.

Path Switch would contain address information for SeNB bearers in case T-SeNB bearers are configured with the direct S1-U bearer option.
Release and Completion of the Handover and SeNB Addition should go hand-in-hand. For the sake of modularity both, finalisation of X2 HO and SeNB Addition should be signalled as if the procedures would be performed separately. The order of steps 10 and 11 might matter and could deserve more studies.
Observation 5:
Inter (M)eNB mobility while source MeNB becomes target SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
Changing roles (the former Source eNB does not become the MeNB but the SeNB) may create complexity due to interaction of procedures. 
Benefit and likelihood of this scenario would need to be studied first.
3
Summary and Proposal
Several mobility scenarios have been examined with the following observations:
Observation 1:
Inter-SeNB mobility while keeping the MeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen rather frequently.
Observation 2:
Inter-MeNB mobility while keeping the SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen less frequently than the first scenario.
Support of this scenario would touch X2 interface signalling for X2 HO.
SA3 involvement would be necessary as a new security context would need to be established at the SeNB, derived from T-MeNB credentials.
Observation 3:
Inter-(M)eNB mobility while removing the SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen less frequently than the first scenario.
Observation 4:
Inter-MeNB&SeNB mobility while removing the SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
It is expected that this scenario may happen less frequently than the first and the second scenario.
The effort to be spent in terms of additional functions and signalling elements is similar to the second scenario.
Observation 5:
Inter (M)eNB mobility while source MeNB becomes target SeNB can be supported by basic DC signalling procedures (as identified for “non-mobility” scenarios).
Changing roles (the former Source eNB does not become the MeNB but the SeNB) may create complexity due to interaction of procedures. 
Benefit and likelihood of this scenario would need to be studied first.
In light of the observations the following is proposed:

Proposal 1:
It is proposed to continue in Release 12 with scenario 1 only, i.e. to provide signalling support only for the “inter SeNB mobility while keeping the MeNB”-scenario in Release 12 and to defer support of further mobility scenarios to later releases.
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