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1
Introduction
This contribution aims at listing and discussing all “non-mobility” scenarios for dual connectivity, i.e. scenarios which do not involve more than 2 eNBs and scenarios where eNBs do not change their role.
In order to split discussions into reasonably sized papers, another paper will discuss “mobility” scenarios.

Discussions on scenarios should result in
-
understanding their complexity

-
identifying open issues

-
identifying a fairly complete list of S1/X2AP signalling elements and allowing to design elementary procedures and an understanding of respective message content.
The following scenarios are discussed:

-
SeNB Addition

-
SeNB Modification – SeNB triggered

-
SeNB Modification – MeNB triggered

-
SeNB Release – SeNB triggered

-
SeNB Release – MeNB triggered

It is understood, that E-UTRAN should be able to support the scenarios listed above as a baseline.
2
Discussion
2.1
SeNB Addition

The content of this chapter is taken from the RAN3 agreed document R3-132350 [1], as most of its content went into TR 36.842 [2] where a combined flow for Addition and Modification is captured. It should be still applicable for discussions on the current work item. Content from R3-132350 [1] is shown in Italics, additional content in normal style.
Figure 2.1-1 depicts the overall signalling scheme for adding SeNB resources for dual connectivity operation. 

S1-MME and X2-C signalling part which is relevant for the UP option 1A only is shown with dashed lines (steps 7, 8, 12-14).
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Figure 2.1-1: SeNB Addition.

As depicted in Figure 2.1-1, activating resources at SeNB for dual connectivity operation could involve the following steps:

Note:
As a starting point, radio resources for a certain E-RAB are provided by the MeNB only.

1.
The MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB. 

Note:
In contrast to UP options 1A, for 3C the MeNB may either decide to request resources from the SeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SeNB together, or even more.
The MeNBs decision may be reflected in step 2 by the E-RAB parameters signalled to the SeNB, which may differ from E-RAB parameters received over S1. 

2.
The MeNB requests the SeNB to allocate radio resources, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to the UP option, UE Capabilities and the current radio resource configuration of the UE.)

3.
If the RRM entity in the SeNB is able to admit the resource request, it allocates respective radio resources and, dependent on the UP option, respective transport network resources.
The SeNB may also allocate dedicated RACH preamble for the UE so that synchronisation of the SeNB radio resource configuration can be performed.

4.
The SeNB provides the new radio resource configuration to the MeNB (for UP alternative1A, together with S1 DL TNL address information for the respective E-RAB, for UP alternative 3C X2 DL TNL address information).

5.
If the MeNB endorses the new configuration and triggers the UE to apply it. The UE starts to apply the new configuration.

6./7.
In case of UP option 1A and respective E-RAB characteristics the MeNB may take actions to minimise service interruption due to activation of dual connectivity (Data forwarding, SN Status Report). 

Note:
Whether the UP resources established for data forwarding for UP option 1A need to be released explicitly may be further discussed.

8.
The UE completes the reconfiguration procedure.

Note:
The order of the RRC Connection Reconfiguration procedure (steps 5/8) and the synchronisation procedure (steps 9) is FFS.

Note:
In case of UP options 3C, transmission of user plane data may take place after step 8.

9.
The UE performs synchronisation towards the cell of the SeNB. The figure shows contention based access.

10.
The SeNB reports detection of synchronisation and that the new configuration is being in use already. Receipt of the message in step 10 by the MeNB successfully completes the overall SeNB Activation procedure on X2.

Note:
Depending on the decision on the order of RRC reconfiguration and synchronisation, step 10 might be necessary in order to inform the MeNB about the successful completion of the SeNB Addition. Dependent on the respective decision, step 10 might be sent from MeNB to SeNB.

11.-13. For UP option 1A, the update of the UP path towards the EPC is performed. 

Note:
Figure 2.1-1 assumes that S-GW is not changed.

Note:
Stage 3 work is needed to clarify signalling details for steps 11 and 13, i.e. whether a new procedure should be defined or the Path Switch procedure can be reused.

The following issues can be listed: 
Issue-01:
Handling of E-RAB QoS parameters within X2AP message to add SeNB resources for the split bearer option. 

Proposal to solve this issue: As indicated in the note below step 1, it should be up to the MeNBs decision of which amount resources are requested from the SeNB. It is however of importance, that the QoS contract with the EPC is fulfilled. It is expected that this might have impact on stage 2 specification.
See also the paper on the handling of the UE-AMBR parameter [3] in response to the LS from SA2 [4]. 

Issue-02:
Necessity to explicitly release UP resources established for data forwarding for bearers configured with the direct S1-U bearer option. 

Proposal to solve this issue: It is generally assumed that the data forwarding mechanisms defined for X2 HO can be applied to the direct S1-U bearer option for dual connectivity in principle. As explicitly indicated in topic 11 in the LS from SA2 [4], applying the usage of End Marker GTP-U packets is acknowledged by SA2. The node sending and the node receiving End Marker GTP-U packets on the forwarding path could be allowed to implicitly release the respective resources.
Issue-03:
The direction and necessity of an SeNB Addition Complete message depends on RAN2 discussions regarding the necessity of Synchronisation and the order of Synchronisation and RRCConnectionReconfiguration procedures. 

Proposal: wait for RAN2 decisions. 

Issue-04:
Possibility of S-GW change during SeNB Addition 

Proposal: discussed within a separate discussion paper [5]
Issue-05:
Procedure to perform change of GTP-U tunnel for UP option 1A. 

Proposal: discussed within a separate discussion paper [6]
Observation1:
Assuming an agreement on the solutions for open issues, stage 2 description for handling SeNB Addition is fairly complete.
Under the assumptions made (especially for step 10/issue 03) 2 new X2AP procedures (SeNB Addition, SeNB Addition Complete) and 1 new S1AP procedure (E-RAB Modification – eNB triggered) are identified. 

2.2
SeNB Modification – SeNB triggered

The content of this chapter takes into account the respective signalling flow from TR 36.842 [2]. As a lot of details are described in the “addition” message flow already, the flow in this chapter and its description is concentrating on differences and highlights only important facts.
Figure 2.2-1 depicts the overall signalling scheme for SeNB-triggered modification of SeNB resources.

The reason for modification can be manifold and a combination of the following: 

-
(request for) modification of L1/L2 parameters

-
addition/release of E-RABs configured with the direct S1-U bearer option in the SeNB or SeNB resources for E-RABs configured with the split bearer option, while keeping at least a single bearer resource at the SeNB.
-
…
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Figure 2.2-1:
SeNB Modification – SeNB triggered
Modification of resources at SeNB for dual connectivity operation could involve the following steps:

1.
The SeNB requests the MeNB to trigger RRC Connection Reconfiguration.

Note:
The SeNB may indicate (explicitly on RNL level) whether synchronisation is needed, which allows the MeNB to watch the SeNB Modification Complete message (step 8).
Note:
In case the Modification requires data forwarding, additional messages (e.g. MeNB triggered SeNB Modification) might be necessary to establish the forwarding tunnels.
2.
The MeNB may inspect the requested configuration and reject the modification request if necessary. As the reject may occur due to outdated information in the SeNB, the MeNB provides information about the MeNB resource configuration (or any other assistance information) to allow the SeNB to issue a further, proper modification.
Note:
Another possibility would be to define an MeNB triggered MeNB Configuration Update procedure in X2AP to allow the MeNB to provide its latest configuration update to the SeNB, as shown in step 0.
3.
In case the concerned bearers are configured with the direct S1-U bearer option the SeNB may, dependent on respective E-RAB characteristics and on the actual modification scenario, take actions to minimise service interruption due to activation of dual connectivity (Data forwarding, SN Status Report). 

Note:
Data forwarding might occur in both directions, dependent on the actual scenario.
4.
If applicable, the MeNB endorses the new SeNB radio configuration and triggers the UE to apply it. The UE starts to apply the new configuration.
5.
The UE completes the reconfiguration procedure.

6.
The UE performs synchronisation towards the cell of the SeNB if needed.

7.
If applicable, the SeNB reports to MeNB the detection of synchronisation with the UE, confirming that the new configuration is in use.
8. For E-RABs configured with the direct S1-U bearer option, if applicable, the update of the UP path towards the EPC is performed. 

9. A failure case is depicted. This might be triggered if RRC Reconfiguration fails, or no modification complete message is received from the SeNB. 

Note:
Failure cases have to be further studied during stage 3 standardisation phase.
The following issues applicable for SeNB addition are also applicable for SeNB-triggered SeNB Modification:

Issue-01, Issue-02, Issue-03, Issue-04, Issue-05 

The following additional issues can be listed:

Issue-06: Explicit indication on RNL level whether synchronisation is necessary. 

While synchronisation is always necessary for the SeNB Addition scenario, this is not the case for all SeNB Modification Scenarios. An explicit indication on RNL level would indicate whether the MeNB should expect an E-RAB Modification Complete message. 

Issue-07: The MeNB is allowed to reject the SeNB modification request.
As the SeNB might request a radio configuration which, together with the MeNB radio configuration, exceeds the UE capabilities, the MeNB should be able to inspect and reject the requested SeNB configuration. Note, that RAN2 agreed that the MeNB is not allowed to change the requested SeNB configuration.
Issue-08: Failure cases have to be studied in general, not only during the finalisation phase.
For the SeNB-triggered modification, a failure message as depicted in step 9 is proposed to handle failure cases, where the RRC Reconfiguration fails or no complete message was received. The same is applicable for the addition scenario.
Observation2:
Assuming an agreement on the solutions for open issues, stage 2 description for handling SeNB triggered SeNB Modification is fairly complete.
Under the assumptions made, 5 new X2AP procedures (SeNB Modification Required, SeNB Modification Reject, SeNB Modification Complete, SeNB Modification Failure, MeNB Configuration Update) and 1 new S1AP procedure (E-RAB Modification – eNB triggered) are identified. 

2.3
SeNB Modification – MeNB triggered

The content of this chapter takes into account the respective signalling flow from TR 36.842 [2]. As a lot of details are described in the previous message flows already, the flow in this chapter and its description is concentrating on differences and highlights only important facts.
Figure 2.3-1 depicts the overall signalling scheme for SeNB-triggered modification of SeNB resources.

The reason for modification can be manifold as for the SeNB triggered case.
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Figure 2.3-1: SeNB Modification – MeNB triggered.
All issues identified are applicable for this scenario as well.
Note:
It is assumed, that the MeNB may reject the proposed configuration provided in step 2 as well, but this should be seen as a case of wrong implementation, as the SeNB should have all information available to avoid such situations. Therefore the Reject message is not depicted in the figure above.
Issue-08: Failure cases have to be studied in general, not only during the finalisation phase.

For the MeNB-triggered modification, the SeNB may refuse the requested modification. Refusal should be a rare case, but this message is necessary for proper protocol handling. The MeNB might well release all SeNB resources in response to an SeNB refusal.

Observation3:
Assuming an agreement on the solutions for open issues, stage 2 description for handling MeNB triggered SeNB Modification is fairly complete.
Under the assumptions made, 3 new X2AP procedures (SeNB Modification, SeNB Modification Reject, SeNB Modification Complete) and 1 new S1AP procedure (E-RAB Modification – eNB triggered) are identified. 
2.4
SeNB Release – MeNB triggered

The content of this chapter takes into account the respective signalling flow from TR 36.842 [2]. Content from the TR is highlighted in Italics, additional text in normal style.
Figure 2.4-1 depicts the MeNB initiated overall signalling scheme for releasing the SeNB resources towards the UE for dual connectivity operation.

It is FFS whether the MeNB requests the SeNB to release a serving cell for one of its UEs and the SeNB creates a container that will result in the release of a serving cell(s); or whether the SeNB initiates and create a container that will result in the release of a serving cell(s); or, whether the MeNB can by itself release a serving cell maintained by the SeNB.
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Figure 2.4-1:
SeNB Release – MeNB triggered
As depicted in Figure 2.4-1, releasing the SeNB resources towards the UE for dual connectivity operation could involve the following steps:

1.
The MeNB decides to remove the SeNB resources towards the UE.

2.
The MeNB requests the SeNB to release its resources.

Note:
The request message may contain forwarding addresses.

3.
The SeNB follows the MeNB’s request.

4.
The SeNB responds to the MeNB’s release request.

Note:
If no data forwarding is required, the SeNB could release its resources at this point in time. This is also related to open issue Add-02.

5.
The MeNB signals the reconfiguration to the UE. The UE releases the relevant configuration towards this SeNB.

6./7.
In case of UP option 1A and respective E-RAB characteristics the MeNB may take actions to minimise service interruption due to release of SeNB resources (Data forwarding, SN Status Report).
8.
The UE indicates the completion of the reconfiguration procedure.
9.-11.
For UP option 1A, the update of the UP path towards the EPC is performed.
Note:
Figure G.2-1 assumes that S-GW is not changed.
Note:
Stage 3 work is needed to clarify signalling details for steps 9 and 11, i.e. whether a new procedure should be defined or the Path Switch procedure can be reused.
Note:
Steps 9-11 may be necessary if E-RABs served by the SeNB with the direct bearer option are moved to the MeNB.
Additional issues for MeNB-triggered SeNB Release:

Issue-09: It is assumed that the UE context is implicitly released after step 4.

We assume that no additional X2 message is necessary, as release of the UE context can be based on detecting the end marker in case of data forwarding or inactivity on the radio resources to be released. 
Observation4:
Assuming an agreement on the solutions for open issues, stage 2 description for handling MeNB triggered SeNB Release is fairly complete.
Under the assumptions made, 1 new X2AP procedure (SeNB Release) and 1 new S1AP procedure (E-RAB Modification – eNB triggered) are identified.
2.5
SeNB Release – SeNB triggered

This scenario describes differences to the SeNB-triggered case. The SeNB might e.g. realise that the UE is out-of-sync with SeNB resources or the UE did not use the SeNB resources for a while, etc.
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Figure 2.5-1: SeNB Release – SeNB triggered.
As can be seen in Figure 2.5-1, the difference to the MeNB triggered case is in the preparation phase. Without the need to establish forwarding tunnels (for split bearer or in case of complete removal of E-RABs), a single message (step 1) would be sufficient to trigger the RRC Reconfiguration. The SeNB could release radio resources immediately after (see also open issue Rel-M-01).
Establishment of Forwarding Tunnels is expected to be performed by the SeNB Modification procedure.
Additional issues for SeNB-triggered SeNB Release:

Issue-10: It is assumed that the UE context is implicitly released after step 1, i.e. a class 2 procedure is sufficient.

We assume that no additional X2 message is necessary, as, similar to the MeNB triggered release case, the release of the UE context can be based on detecting the end marker in case of data forwarding or inactivity on the radio resources to be released. Given the reliable nature of the X2-C signalling transport, there should not be any issue with step 1 not being received – unnoticed by the SeNB.
Observation5:
Assuming an agreement on the solutions for open issues, stage 2 description for handling SeNB triggered SeNB Release is fairly complete.
Under the assumptions made, 1 new X2AP procedure (SeNB Release Required) and 1 new S1AP procedure (E-RAB Modification – eNB triggered) are identified.
3
Summary and Proposal
This paper proposed signalling schemes for the basic “non-mobility” scenarios to support dual connectivity.

X2 and S1 signalling elements have been identified and listed.

Issues have been outlined, some those issues were solved or explained, others are discussed in separate papers or are dependent on agreements in RAN2.

Proposal: It is proposed to agree on the content of chapter 2 as a baseline paper with the aim to derive stage 2 content.
This paper is continued in [7] where a list of signalling procedures and stage 2 content is proposed.
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