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1
Introduction

RAN3 endorsed stage 2 CR on overall procedures [1] and captured in [2] after reviewed by RAN2.
This contribution proposes to resolve existing open issues on overall procedures and corresponding TP to the running CR [2].
2
Discussion
2.1
SeNB addition procedure
Currently, there are four open issues for SeNB addition procedure.
Editor’s Note 1:
It is still FFS whether there is a need for the SeNB to finally confirm that the UE has taken the SeNB configuration into use. 

Editor’s Note 2:
The trigger for the path update procedure and how to capture it in stage 2 is still FFS. 
MeNB needs to know that RA is successfully completed at SeNB to perform ERAB Modification procedure. Otherwise, if RA is failed MeNB performs ERAB Modification procedure twice (switched the bearer to SeNB and then switched back to MeNB). Therefore, SeNB should confirm that UE has taken SeNB configuration into use, which is inline with the “late path switch” principles of Rel-8 for handover. It is also proposed that SeNB Reconfiguration Completion procedure should be defined as class 2 and SeNB Reconfiguration Confirmation procedure as class 2 because SeNB does not need to respond with negative indication such as RA failure. In case of RA failure, the UE indicates it to the MeNB. On receipt of the confirmation from SeNB, MeNB triggers path update (ERAB modification procedure) for SCG bearers. This is applied to SeNB modification procedure as well. Additionally, in case of split bearers, MeNB may perform data transmission after receiving SeNB Addition Request Acknowledge message because it is possible to support based on the implementation and inline with SCG bearer option.
The below figure shows the proposed modification of Figure 10.1.2.X.2.1-1 described in [2] together with the text.

== Proposed modification ==
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Figure 10.1.2.X.2.1-1: SeNB Addition procedure.

7.
SeNB confirms the UE has taken the SeNB configuration into use. This message is sent after RA procedure is successfully done.
8./9.
In case SCG bearers, and dependent on the bearer characteristics of the respective E-RAB, the MeNB may take actions to minimise service interruption due to activation of dual connectivity (Data forwarding, SN Status Transfer).
Note:
The order of the RRC Connection Reconfiguration procedure and the synchronisation procedure is described in 10.1.2.X.1.1.


Note:
Data forwarding and the SN Status transfer may take place after step 2.

10.-13. For SCG bearers, on receipt of SeNB Reconfiguration Confirm message the update of the UP path towards the EPC is performed.
20.2.2.y2
SeNB Reconfiguration Confirmation procedure

The SeNB Reconfiguration Confirmation procedure is initiated by the SeNB to indicate to the MeNB that the SeNB confirms the UE has taken the SeNB configuration into use. This message is sent either after RA procedure is successfully completed, or if RA procedure is not performed, after RRC Reconfiguration is successfully completed.
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Figure 20.2.2.y2-1: SeNB Reconfiguration Confirmation procedure.

The SeNB Reconfiguration Confirmation procedure is used in the course of a SeNB Addition and in the course of a MeNB initiated SeNB Modification as well as SeNB initiated SeNB Modification if the procedure requires signalling towards the UE.

====

Proposal 1: SeNB should confirm that UE has taken SeNB configuration into use by sending SeNB Reconfiguration Confirm as class 2. On receipt of the Confirm message from SeNB, MeNB triggers path update (ERAB modification procedure) for SCG bearers.
Editor’s Note 3:
It is FFS whether the path update procedure shall be allowed to change an UL TEID at S-GW, in which case the MeNB needs to signal this change to the SeNB. Whether this shall be reflected in stage 2 is FFS as well. 
S-GW may change UL TEID at S-GW during path update procedure if S11 specification is not changed. MeNB can inform this change to the SeNB by means of MeNB initiated SeNB modification procedure. However, this description is not necessary to be captured in stage 2 specification. Stage 3 description in SeNB modification procedure should be enough.
Proposal 2: S-GW may change UL TEID at S-GW during path update procedure. MeNB can inform this change to the SeNB by means of MeNB initiated SeNB modification procedure. This description should be captured in the stage 3 specification, no need for stage 2.

Editor’s Note 4:
It is FFS whether Setup of an E-RAB by the MME and configuration of the respective SeNB resources is possible with a single RRC procedure. It is also FFS whether this possibility shall be described in stage 2. 
This issue is applicable when the S1AP ERAB Setup Request is received from MME and MeNB decides to setup this ERAB directly in SeNB as SCG bearer or allocate SeNB resource in SeNB as split bearer.
There are two options on when to send a S1AP ERAB Setup Response to the MME: 

1)  MeNB sends a response on receipt of RRCReconfigurationComplete from the UE.

2)  MeNB sends a response on receipt of SeNB Reconfiguration Confirm message which SeNB confirms that UE has taken SeNB configuration into use by proposal 1.

In order to be aligned with the ERAB modification procedure and avoid the multiple signalling messages towards MME in case of RA failure, we propose to adopt option#2 where the ERAB Setup Response is sent after receiving the confirmation from SeNB for SCG bearers. Note that we assume SeNB confirms that UE has taken SeNB configuration into use by proposal 1. MeNB does not have to perform ERAB modification procedure because MeNB can include the F-TEID of SeNB in the E-RAB Setup Response message. For split bearers, option#1 may be taken for MeNB to trigger the data transmission from S-GW earlier. However, it should be left to implementation.
In addition, SeNB should know whether the bearers will be switched from MCG bearers or newly created with S-GW in SCG bearer option. Otherwise, SeNB includes its F-TEID for receiving forwarded packets from MeNB, but no data forwarding performed. Then, SeNB consumes TNL resources towards MeNB until the timer expired since no end marker packets are received.
This procedure is applicable to MeNB initiated SeNB modification procedure described in Figure 10.1.2.X.2.2-1 in case the procedure is adding a DRB to an existing SCG which is directly setup from MME.
The below figure shows our proposal for ERAB setup and SeNB Addition procedure with a single RRC procedure and integrated in TP.
== Proposed procedure ==
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Figure 10.1.2.X.2.1-2: ERAB setup and SeNB Addition procedure with a single RRC procedure.

Figure 10.1.2.X.2.1-2 shows an example signaling flow for ERAB setup and SeNB Addition procedure with a single RRC procedure.
0.
MME triggers ERAB Setup Request towards MeNB.
1.
The MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to the UP option, and information related to MeNB radio resources and UE radio capabilities as described in 10.1.2.X.1.2). In this procedure, the MeNB indicates no data forwarding is performed so that SeNB can avoid providing unnecessary data forwarding information even in SCG bearer option.
2.-7. The procedures follow SeNB Addition procedure as described in 10.1.2.X.2.1. However, data forwarding is not performed even in SCG bearer option.
8.
On receipt of SeNB Reconfiguration Confirm, the MeNB responds with ERAB Setup Response to the MME.
Note:
In case of split bearers, ERAB Setup Response may take place after step 4.

Note:
This procedure is applicable to the MeNB initiated SeNB Modification procedure in case of adding a DRB to an existing SCG which is directly setup from MME.
====

Proposal 3: It should be possible with a single RRC message to perform setup of an E-RAB by MME and configuration of the respective SeNB resources in both split bearer and SCG bearer options.

Proposal 4: ERAB Setup Response should be sent after receiving SeNB Reconfiguration Confirm message from SeNB for SCG bearers. For split bearers, the response may be sent after the RRC procedure towards UE.
Proposal 5: MeNB should indicate SeNB whether data forwarding is performed or not in SCG bearer option.
2.2
SeNB modification procedure
For both MeNB initiated and SeNB initiated SeNB modification procedures, proposal 1 and proposal 2 are also applied. 
The below figure shows the proposed modification of Figure 10.1.2.X.2.2-1 described in [2] together with the text.
== Proposed modification ==

10.1.2.X.2.2
SeNB Modification

The SeNB Modification procedure may be either initiated by the MeNB or by the SeNB. 

It may be used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SeNB or to modify other properties of the UE context at the SeNB.

It does not necessarily need to involve signaling towards the UE.
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Figure 10.1.2.X.2.2-1: SeNB Modification procedure - MeNB initiated.

5.
Success of the RRC connection reconfiguration procedure is indicated in the SeNB Reconfiguration Complete message.

6.
The UE performs synchronisation towards the cell of the SeNB.
7.
SeNB confirms the UE has taken the SeNB configuration into use. This message is sent either after RA procedure is successfully completed, or if RA procedure is not performed, after RRC Reconfiguration is successfully completed.
If the bearer context at the SeNB is configured with the SCG bearer option and, if applicable

8./9. Data forwarding between MeNB and the SeNB takes place. (Figure 10.1.2.X.2.2-1 depicts the case where a bearer context is transferred from the MeNB to the SeNB.)

10.
If applicable, on receipt of SeNB Reconfiguration Confirm message a path update is performed.
NOTE:
The procedures after step 3 may not be performed depending on whether the RRC procedure towards UE is required.
NOTE:
All the notes described in SeNB Addition procedure (Figure 10.1.2.X.2.1-1) may be applied.
20.2.2.x2
SeNB Reconfiguration Completion procedure

The SeNB Reconfiguration Complete procedure is initiated by the MeNB to indicate to the SeNB that the UE has been successfully configured with the requested SeNB radio configuration.


[image: image5.emf]MeNB SeNB

X2-AP: SENB RECONFIGURATION COMPLETE


Figure 20.2.2.x2-1: SeNB Reconfiguration Completion procedure.

The same procedure is also used by the MeNB to indicate either unsuccessful configuration of the UE with the requested SeNB radio configuration or that the MeNB finally decided to not request the UE to apply the radio configuration requested by the SeNB.
The SeNB Reconfiguration Completion procedure is used in the course of a SeNB Addition and in the course of a MeNB initiated SeNB Modification, SeNB initiated SeNB Modification and SeNB Reconfiguration if the procedure requires signalling towards the UE.

====

For SeNB initiated SeNB modification procedure, the role of step 2 and step 3 is not clear as described in editor’s note below.

== Current procedure ==
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Figure 10.1.X.2.2-2: SeNB Modification procedure - SeNB initiated.

Editor’s Note:
Whether steps 2 and 3 are needed for a different purposes than providing data forwarding is FFS. It is also FFS whether this needs to be captured in this chapter. 
20.2.2.x4
SeNB initiated SeNB Modification procedure
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Figure 20.2.2.x4-1: SeNB initiated SeNB Modification procedure.

Editor’s Note:
It is still FFS whether the SeNB initiate SeNB Modification procedure will be specified in stage 3 as a class 1 procedure or several class 2 procedures. 
=====
At the last RAN2#85bis meeting, the following agreements were made.

SCell addition/Removal:

1 MeNB can request SeNB to add particular SCells to the SeNB. SeNB can reject. 

2 SeNB can provide assistance data to the MeNB (FFS, e.g. SCell overload status, DRB resource shortage, cell load status, suggested cell addition list), which may trigger the MeNB to initiate SCG SCell addition or SCG SCell release 

3 MeNB can provide latest measurement results in SCG addition and SCG SCell addition request. (FFS for which SeNB cells)There is no generic forwarding of measurement result from MeNB to SeNB. 

4 MeNB can trigger release of non-last SCells of SCG (and SeNB cannot say no)

5 SeNB can trigger release of non-last SCells of SCG (and MeNB cannot say no)
Outcome of Email Discussion:

B.3: There is a need for a local SCG release i.e. procedure only involving X2 signalling but the SeNB does not generate any signalling towards UE.
C.3: The SeNB may trigger release of SCG cells and SCG DRBs. For SCG DRBs, the SeNB triggers release by providing assistance information to MeNB
If agreement#2 above is considered, SeNB Modification Required message (step 1 in Figure 10.1.X.2.2-2) should be used for providing assistance information (SeNB UE information described in 10.1.2.X.6 [2]) to the MeNB. If MeNB decides to take an action for example to add SCells or SCG DRBs based on the information received, MeNB performs MeNB initiated SeNB Modification procedure. Therefore, SeNB Modification Request and SeNB Modification Request Acknowledge in the existing Figure 10.1.X.2.2-2 are not only for data forwarding, but for other configuration changes. More discussion is found in another contribution [3]. 
Although MeNB may reject the request by SeNB Modification Required from SeNB, a response other than “refuse” is not needed in general. To optimize the procedure, SeNB initiated SeNB Modification Preparation should be defined as class 2 followed by MeNB initiated SeNB Modification Preparation as class 1. MeNB should send an SeNB Reconfiguration Complete message to the SeNB after RRC Reconfiguration Complete in order to be aligned with SeNB addition/MeNB initiated SeNB modification procedures. The “refuse” response should be also specified as class 2 with the change of the name to “reject”. Additionally, it seems RRC signalling towards the UE is always performed in this procedure. Therefore, we propose to remove the related text and change the dotted line to solid line for clarification.
The below figure shows the proposed modification of Figure 10.1.2.X.2.2-2 described in [2] together with the text.

== Proposed modification ==
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Figure 10.1.X.2.2-2: SeNB Modification procedure - SeNB initiated.
Figure 10.1.2.X.2.2-2 shows an example signaling flow for a MeNB initiated SeNB Modification procedure.

1.
The SeNB sends the SeNB Modification Required message, which may contain the information described in 10.1.2.X.6. 

2.
If applicable, the MeNB sends the SeNB Modification Request message, which may contain bearer context related or other UE context related information, and if applicable data forwarding address information. 

3.
The SeNB responds with the SeNB Modification Request Acknowledge message, which may contain radio configuration information, and if applicable data forwarding address information.



4./5.
The MeNB initiates the RRC connection reconfiguration procedure.

6.
The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.
7.
The UE performs synchronisation towards the cell of the SeNB.

8.
SeNB confirms the UE has taken the SeNB configuration into use. This message is sent either after RA procedure is successfully completed, or if RA procedure is not performed, after RRC Reconfiguration is successfully completed.
If the bearer context at the SeNB is configured with the SCG bearer option and, if applicable

9./10. Data forwarding between MeNB and the SeNB takes place. (Figure 10.1.2.X.2.2-1 depicts the case where a bearer context is transferred from the SeNB to the MeNB.)
11.
If applicable, on receipt of SeNB Reconfiguration Confirm message a path update is performed.
20.2.2.x4
SeNB initiated SeNB Modification Preparation procedure

The SeNB initiated SeNB Modification Preparation procedure is initiated to request the modification of the UE context at the SeNB.
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Figure 20.2.2.x4-1: SeNB initiated SeNB Modification Preparation procedure.


If the MeNB decides to not follow the SeNBs request it replies with a SENB MODIFICATION REJECT message.
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Figure 20.2.2.x4-2: SeNB initiated SeNB Modification Reject procedure.

=====

Proposal 6: MeNB should perform class 2 procedure for SeNB initiated SeNB modification required. If MeNB decides not to follow the request from SeNB, another class 2 procedure as SeNB Modification Reject is used.
On the other hand, SeNB may be allowed to trigger SCell configuration change for the dedicated resource and SCell deletion directly. However, in this case MeNB does not perform data forwarding or the release of DRBs or addition of DRBs/SCell. Therefore, we propose to use another X2AP procedure called SeNB Reconfiguration procedure to follow modular approach for simplicity.

== Proposed procedure ==
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Figure 10.1.X.2.2-3: SeNB Reconfiguration procedure
Figure 10.1.2.X.2.2-3 shows an example signaling flow for SeNB Reconfiguration procedure. This procedure is only used for SCell configuration change for the dedicated resource or SCell deletion initiated by SeNB.
1.
The SeNB sends the SeNB Reconfiguration Indication message, which may contain the SCell configuration change or SCell deletion information.
2./3.
The MeNB initiates the RRC connection reconfiguration procedure.

4.
The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.
20.2.2.y1
SeNB Reconfiguration Indication procedure

The SeNB Reconfiguration Indication procedure is initiated by the SeNB to indicate to the MeNB that the SeNB changes SCell configuration for the dedicated resource or deletes SCell.
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Figure 20.2.2.y1-1: SeNB Reconfiguration Indication procedure.

The SeNB Reconfiguration Indication procedure is used in the course of a SeNB Reconfiguration procedure.

====

Proposal 7: It is proposed to agree on SeNB Reconfiguration procedure and new class 2 X2AP message as SeNB Reconfiguration Indication used for SCell configuration change for the dedicated resource and SCell deletion at SeNB.
2.3
SeNB release procedure
For MeNB triggered SeNB release procedure, there are three editor’s notes.
Editor’s Note 1:
This assumes that the MeNB provides the part of the RRCConnectionReconfiguration message that releases SeNB resources. 

Editor’s Note 2:
Whether the message SeNB Release Request shall be acknowledged by the SeNB is still FFS. 
Editor’s Note 3:
Whether a final release message from the MeNB is necessary is still FFS.
For Editor’s note 1, according to the RAN2 agreement (B3 in section 2.2) MeNB should provide the part of the RRCConnectionReconfiguration message that release SeNB resources. Therefore, we propose to remove the editor’s note.

For Editor’s note 2, MeNB should ensure that SeNB successfully stops the UE scheduling. In addition, SeNB should provide PDCP delivery status indication for split bearer option as proposed in [4]. Therefore SeNB should respond with SeNB Release Request Acknowledge on receipt of SeNB Release request from MeNB. MeNB may send RRC message to the UE before receiving the SeNB Release Request Acknowledge from SeNB.
For Editor’s note 3, explicit release message is already supported in X2 based handover. Therefore, the release of radio resource should be done by means of UE Context Release after the completion of moving bearers rather than earlier release or end marker from S-GW in accordance with the current specification. 

The below figure shows the proposed modification of Figure 10.1.2.X.2.3-1 described in [2] together with the text. These changes are also applied to SeNB initiated SeNB release, SeNB change and MeNB to eNB handover procedures.
== Proposed modification ==
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Figure 10.1.2.X.2.3-1: SeNB Release procedure – MeNB initiated.

1.
The MeNB initiates the procedure by sending the SeNB Release Request message.
If a bearer context in the SeNB was configured with the SCG bearer option and is moved to e.g. the MeNB, the MeNB provides data forwarding addresses to the SeNB.
The SeNB may start data forwarding and stop providing user data to the UE as early as it receives the SeNB Release Request message.


2.
SeNB responds with SeNB Release Request Acknowledge.
NOTE:
The MeNB does not need to wait for the reception of SeNB Release Acknowledge to initiate the RRC connection reconfiguration procedure.

3./4.
The MeNB initiates the RRC connection reconfiguration procedure.

NOTE:
If a bearer context in the SeNB was configured with the SCG bearer option and data forwarding is applied, timely coordination between steps 1 and 2 may minimize gaps in service provision, this is however regarded to be an implementation matter.

5./6.
Data forwarding from the SeNB to the MeNB takes place.

7.
If applicable, the path update procedure is initiated.
8.
The MeNB informs the SeNB to release the radio resources for the UE.

20.2.2.x5
MeNB initiated SeNB Release procedure
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Figure 20.2.2.x5-1: MeNB initiated SeNB Release procedure.

====
Proposal 8: SeNB should respond with SeNB Release Request Acknowledge on receipt of SeNB Release request from MeNB. MeNB may send RRC message to the UE before receiving the SeNB Release Request Acknowledge from SeNB.

Proposal 9: Explicit release message from MeNB should be supported for both MeNB initiated and SeNB initiated release procedures by means of UE Context Release procedure.
Similar to support of a single RRC message to perform setup of an E-RAB by MME and configuration of the respective SeNB resources in both split bearer and SCG bearer options as proposed in proposal 3, a single RRC message to perform release of entire E-RABs from SeNB for a particular UE should be supported.

The below figure shows our proposal for ERAB release and SeNB Release procedure with a single RRC procedure and integrated in TP.

== Proposed procedure ==
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Figure 10.1.2.X.2.3-3: ERAB release and SeNB Release procedure with a single RRC procedure.

Figure 10.1.2.X.2.3-3 shows an example signaling flow for ERAB release and SeNB Release procedure with a single RRC procedure.
0.
MME triggers ERAB Release Command or UE Context Release Command towards MeNB.
1.
The MeNB decides to request the SeNB to release entire E-RAB for the UE. In this procedure, the MeNB does not include the data forwarding information even in SCG bearer option.
2.-5. The procedures follow MeNB initiated SeNB Release procedure as described in 10.1.2.X.2.3. However, the MeNB responds with ERAB Release Response promptly after step 3.
NOTE:
If MeNB had received UE Context Release Command in step 0, it sends RRCConnectionRelease to the UE in step 3 and responds the MME with UE Context Release Complete in step 4.
6.
The MeNB informs the SeNB to release the radio resources for the UE.

====

Proposal 10: It should be possible with a single RRC message to perform release of E-RABs by MME and release of ERABs served by the respective SeNB for the UE in both split bearer and SCG bearer options.

For SeNB triggered SeNB release procedure, there is one remaining editor’s note.

Editor’s Note:
The need for the specification of a Refuse message is FFS. 
RAN2 agreed that SeNB can trigger release of non-last SCells of SCG (and MeNB cannot say no). Therefore, this editor’s note should be simply removed.

Proposal 11: It is not needed to support Refuse message in SeNB initiated SeNB release procedure.

2.4
SeNB change and MeNB change procedures
There are two editor’s notes in SeNB change and MeNB change procedures.

SeNB change

Editor’s Note 1:
It is assumed that the MeNB provides the part of the RRCConnectionReconfiguration message that releases SeNB resources. 

MeNB to eNB change

Editor’s Note 1:
It is assumed that the target eNB provides the part of the RRCConnectionReconfiguration message that releases source SeNB resources. 

At the last RAN2#85bis meeting, the following agreements were made.

Mobility (SeNB change and MeNB change)

1 The same inter-node RRC messages defined for SCG modification are used during the SeNB change procedure.

2 From RRC point of view the MeNB can generate the RRCConnectionReconfiguration in releasing the source SeNB. 

It is up to RAN3 to decide whether the SeNB replies with a X2-AP message to the release command. 

It is up to RAN3, whether a single procedure towards source SeNB is used to start data forwarding and release the UE context in source SeNB.

4 The same inter-node RRC messages defined for legacy handover are used during the MeNB change procedure.
According to the RAN2 agreements (#2 for SeNB change and #4 for MeNB change), these two editor’s notes can be removed. In addition, all the principle of general procedures proposed in this section should be applied to SeNB change and MeNB to eNB handover.
In addition, there is one typo in MeNB to eNB change procedure.

== Proposed modification ==

7.
The UE synchronizes to the target eNB.

====

Proposal 12: It is proposed to agree on TP provided in section 3.
3
Text Proposal
First Modification
10.1.2.X.2
Overall Procedure description
10.1.2.X.2.1
SeNB Addition

The SeNB Addition procedure is initiated by the MeNB and is used to establish a UE context at the SeNB in order to provide radio resources from the SeNB to the UE. Figure 10.1.2.X.2.1-1 shows the SeNB Addition procedure.
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Figure 10.1.2.X.2.1-1: SeNB Addition procedure.

1.
The MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to the UP option, and information related to MeNB radio resources and UE radio capabilities as described in 10.1.2.X.1.2). 

Note:
In contrast to SCG bearer,  for the split bearer option 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.
If the RRM entity in the SeNB is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources.
The SeNB may trigger Random Access so that synchronisation of the SeNB radio resource configuration can be performed. The SeNB provides the new radio resource configuration to the MeNB. For SCG bearers, together with S1 DL TNL address information for the respective E-RAB, for split bearers X2 DL TNL address information.

3.
If the MeNB endorses the new configuration, it triggers the UE to apply it. The UE starts to apply the new configuration.

4.
The UE completes the reconfiguration procedure.

5.
The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.

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

7.
SeNB confirms the UE has taken the SeNB configuration into use. This message is sent after RA procedure is successfully done.
8./9.
In case SCG bearers, and dependent on the bearer characteristics of the respective E-RAB, the MeNB may take actions to minimise service interruption due to activation of dual connectivity (Data forwarding, SN Status Transfer). 

Note:
The order of the RRC Connection Reconfiguration procedure and the synchronisation procedure is described in 10.1.2.X.1.1.

Note:
Data forwarding and the SN Status transfer may take place after step 2.
10.-13. For SCG bearers, on receipt of SeNB Reconfiguration Confirm message the update of the UP path towards the EPC is performed. 
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Figure 10.1.2.X.2.1-2: ERAB setup and SeNB Addition procedure with a single RRC procedure.

Figure 10.1.2.X.2.1-2 shows an example signaling flow for ERAB setup and SeNB Addition procedure with a single RRC procedure.
0.
MME triggers ERAB Setup Request towards MeNB.
1.
The MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to the UP option, and information related to MeNB radio resources and UE radio capabilities as described in 10.1.2.X.1.2). In this procedure, the MeNB indicates no data forwarding is performed so that SeNB can avoid providing unnecessary data forwarding information even in SCG bearer option.
2.-7. The procedures follow SeNB Addition procedure as described in 10.1.2.X.2.1. However, data forwarding is not performed even in SCG bearer option.
8.
On receipt of SeNB Reconfiguration Confirm, the MeNB responds with ERAB Setup Response to the MME.
Note:
In case of split bearers, ERAB Setup Response may take place after step 4.
Note:
This procedure is applicable to the MeNB initiated SeNB Modification procedure in case of adding a DRB to an existing SCG which is directly setup from MME.
10.1.2.X.2.2
SeNB Modification

The SeNB Modification procedure may be either initiated by the MeNB or by the SeNB. 

It may be used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SeNB or to modify other properties of the UE context at the SeNB.
It does not necessarily need to involve signaling towards the UE.
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Figure 10.1.2.X.2.2-1: SeNB Modification procedure - MeNB initiated.

Figure 10.1.2.X.2.2-1 shows an example signaling flow for a MeNB initiated SeNB Modification procedure that includes
1.
The MeNB sends the SeNB Modification Request message, which may contain bearer context related or other UE context related information, and, if applicable data forwarding address information. 

2.
The SeNB responds with the SeNB Modification Request Acknowledge message, which may contain radio configuration information, and, if applicable, data forwarding address information 

3./4.
The MeNB initiates the RRC connection reconfiguration procedure.

5.
Success of the RRC connection reconfiguration procedure is indicated in the SeNB Reconfiguration Complete message.

6.
The UE performs synchronisation towards the cell of the SeNB.
7.
SeNB confirms the UE has taken the SeNB configuration into use. This message is sent either after RA procedure is successfully completed, or if RA procedure is not performed, after RRC Reconfiguration is successfully completed.
If the bearer context at the SeNB is configured with the SCG bearer option and, if applicable

8./9. Data forwarding between MeNB and the SeNB takes place. (Figure 10.1.2.X.2.2-1 depicts the case where a bearer context is transferred from the MeNB to the SeNB.)

10.
If applicable, on receipt of SeNB Reconfiguration Confirm message a path update is performed.
NOTE:
The procedures after step 3 may not be performed depending on whether the RRC procedure towards UE is required.
NOTE:
All the notes as described in SeNB Addition procedure (Figure 10.1.2.X.2.1-1) may be applied.
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Figure 10.1.X.2.2-2: SeNB Modification procedure - SeNB initiated.

Figure 10.1.2.X.2.2-2 shows an example signaling flow for a MeNB initiated SeNB Modification procedure.
1.
The SeNB sends the SeNB Modification Required message, which may contain the information described in 10.1.2.X.6. 

2.
If applicable, the MeNB sends the SeNB Modification Request message, which may contain bearer context related or other UE context related information, and if applicable data forwarding address information. 

3.
The SeNB responds with the SeNB Modification Request Acknowledge message, which may contain radio configuration information, and if applicable data forwarding address information.
4./5.
The MeNB initiates the RRC connection reconfiguration procedure.

6.
The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.
7.
The UE performs synchronisation towards the cell of the SeNB.

8.
SeNB confirms the UE has taken the SeNB configuration into use. This message is sent either after RA procedure is successfully completed, or if RA procedure is not performed, after RRC Reconfiguration is successfully completed.
If the bearer context at the SeNB is configured with the SCG bearer option and, if applicable

9./10. Data forwarding between MeNB and the SeNB takes place. (Figure 10.1.2.X.2.2-1 depicts the case where a bearer context is transferred from the SeNB to the MeNB.)
11.
If applicable, on receipt of SeNB Reconfiguration Confirm message a path update is performed.
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Figure 10.1.X.2.2-3: SeNB Reconfiguration procedure
Figure 10.1.2.X.2.2-3 shows an example signaling flow for SeNB Reconfiguration procedure. This procedure is only used for SCell configuration change for the dedicated resource or SCell deletion initiated by SeNB.
1.
The SeNB sends the SeNB Reconfiguration Indication message, which may contain the SCell configuration change or SCell deletion information.
2./3.
The MeNB initiates the RRC connection reconfiguration procedure.

4.
The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.
10.1.2.X.2.3
SeNB Release

The SeNB Release procedure may be either initiated by the MeNB or by the SeNB.

It is used to release the UE context at the SeNB.

It does not necessarily need to involve signaling towards the UE.

MeNB initiated SeNB Release
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Figure 10.1.2.X.2.3-1: SeNB Release procedure – MeNB initiated.

Figure 10.1.2.X.2.3-1 shows an example signaling flow for the MeNB initiated SeNB Release procedure. 

1.
The MeNB initiates the procedure by sending the SeNB Release Request message.
If a bearer context in the SeNB was configured with the SCG bearer option and is moved to e.g. the MeNB, the MeNB provides data forwarding addresses to the SeNB.
The SeNB may start data forwarding and stop providing user data to the UE as early as it receives the SeNB Release Request message.

2.
SeNB responds with SeNB Release Request Acknowledge.
NOTE:
The MeNB does not need to wait for the reception of SeNB Release Acknowledge to initiate the RRC connection reconfiguration procedure.
3./4.
The MeNB initiates the RRC connection reconfiguration procedure.

NOTE:
If a bearer context in the SeNB was configured with the SCG bearer option and data forwarding is applied, timely coordination between steps 1 and 2 may minimize gaps in service provision, this is however regarded to be an implementation matter.

5./6.
Data forwarding from the SeNB to the MeNB takes place.
7.
If applicable, the path update procedure is initiated.
8.
The MeNB informs the SeNB to release the radio resources for the UE.
SeNB initiated SeNB Release
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Figure 10.1.2.X.2.3-2: SeNB Release procedure – SeNB initiated.

Figure 10.1.2.X.2.3-2 shows an example signaling flow for the SeNB initiated SeNB Release procedure. 

1.
The SeNB initiates the procedure by sending the SeNB Release Required message.

2.
If a bearer context in the SeNB was configured with the SCG bearer option and is moved to e.g. the MeNB, the MeNB provides data forwarding addresses to the SeNB in the SeNB Release Confirm message.
The SeNB may start data forwarding and stop providing user data to the UE as early as it receives the SeNB Release Confirm message.

3./4.
The MeNB initiates the RRC connection reconfiguration procedure.  
NOTE:
If a bearer context in the SeNB was configured with the SCG bearer option and data forwarding is applied, timely coordination between steps 2 and 3 may minimize gaps in service provision, this is however regarded to be an implementation matter.

5./6.
Data forwarding from the SeNB to the MeNB takes place.

7.
If applicable, the path update procedure is initiated.
8.
The MeNB informs the SeNB to release the radio resources for the UE.
ERAB Release and SeNB Release
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Figure 10.1.2.X.2.3-3: ERAB release and SeNB Release procedure with a single RRC procedure.

Figure 10.1.2.X.2.3-3 shows an example signaling flow for ERAB release and SeNB Release procedure with a single RRC procedure.
0.
MME triggers ERAB Release Command or UE Context Release Command towards MeNB.
1.
The MeNB decides to request the SeNB to release entire E-RAB for the UE. In this procedure, the MeNB does not include the data forwarding information even in SCG bearer option.
2.-5. The procedures follow MeNB initiated SeNB Release procedure as described in 10.1.2.X.2.3. However, the MeNB responds with ERAB Release Response promptly after step 3.
NOTE:
If MeNB had received UE Context Release Command in step 0, it sends RRCConnectionRelease to the UE in step 3 and responds the MME with UE Context Release Complete in step 4.
6.
The MeNB informs the SeNB to release the radio resources for the UE.

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 by requesting the target SeNB to allocate resources for the UE by means of the SeNB Addition Preparation procedure.
If 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 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.

4.
SeNB responds with SeNB Release Request Acknowledge.

NOTE:
The MeNB does not need to wait for the reception of SeNB Release Acknowledge to initiate the RRC connection reconfiguration procedure.
5./6.
The MeNB triggers the UE to apply the new configuration.

7.
If the RRC connection reconfiguration procedure was successful, the MeNB informs the target SeNB.

8.
The UE synchronizes to the target SeNB.

9.
SeNB confirms the UE has taken the SeNB configuration into use. This message is sent after RA procedure is successfully done.
10./11. Data forwarding from the source SeNB 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.

12.-16. If one of the bearer contexts was configured with the SCG bearer option at the source SeNB, on receipt of SeNB Reconfiguration Confirm message path update is triggered by the MeNB.
17.
The MeNB informs the SeNB to release the radio resources for the UE.

10.1.2.X.2.y1
MeNB to eNB Change
The MeNB to eNB Change procedure provides the means to transfer context data 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.

4.
SeNB responds with SeNB Release Request Acknowledge.

NOTE:
The MeNB does not need to wait for the reception of SeNB Release Acknowledge to initiate the RRC connection reconfiguration procedure.

5/6.
The MeNB triggers the UE to apply the new configuration.

7.
The UE synchronizes to the target eNB.

8./9.
Data forwarding from the SeNB takes place for E-RABs configured with the SCG bearer option. 
It may start as early as the source SeNB receives the SeNB Release Request message from the MeNB.

10.-14. The target eNB initiates the S1 Path Switch procedure.

15.
The target eNB initiates the UE Context Release procedure towards the source MeNB.
16.
The MeNB informs the SeNB to release the radio resources for the UE.

Last Modification
20.2.2.x1
SeNB Addition Preparation procedure

The SeNB Addition Preparation procedure is initiated by the MeNB to request the SeNB to allocate resources for dual connectivity operation for a specific UE.
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Figure 20.2.2.x1-1: SeNB Addition Preparation procedure.
The MeNB sends an SENB ADDITION REQUEST message to the SeNB including the bearers for which dual connectivity shall be configured.

In case resource allocation at the SeNB has been performed successfully, the SeNB responds with an SENB ADDITION REQUEST ACKNOWLEDGE message, which includes radio interface related information, successfully established and failed to be established bearers for dual connectivity.
In case the SeNB addition is not successful (e.g. no resources are available on the SeNB side) the SeNB responds with the SENB ADDITION REQUEST REJECT message instead.
20.2.2.y1
SeNB Reconfiguration Indication procedure

The SeNB Reconfiguration Indication procedure is initiated by the SeNB to indicate to the MeNB that the SeNB changes SCell configuration or deletes SCell.

[image: image27.emf]MeNB SeNB

X2-AP: SENB RECONFIGURATION INDICATION


Figure 20.2.2.y1-1: SeNB Reconfiguration Indication procedure.

The SeNB Reconfiguration Indication procedure is used in the course of a SeNB Reconfiguration procedure.
20.2.2.x2
SeNB Reconfiguration Completion procedure
The SeNB Reconfiguration Complete procedure is initiated by the MeNB to indicate to the SeNB that the UE has been successfully configured with the requested SeNB radio configuration.
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Figure 20.2.2.x2-1: SeNB Reconfiguration Completion procedure.
The same procedure is also used by the MeNB to indicate either unsuccessful configuration of the UE with the requested SeNB radio configuration or that the MeNB finally decided to not request the UE to apply the radio configuration requested by the SeNB.
The SeNB Reconfiguration Completion procedure is used in the course of a SeNB Addition and in the course of a MeNB initiated SeNB Modification, SeNB initiated SeNB Modification and SeNB Reconfiguration Indication if the procedure requires signalling towards the UE.
20.2.2.y2
SeNB Reconfiguration Confirmation procedure

The SeNB Reconfiguration Confirmation procedure is initiated by the SeNB to indicate to the MeNB that the SeNB confirms the UE has taken the SeNB configuration into use. This message is sent either after RA procedure is successfully completed, or if RA procedure is not performed, after RRC Reconfiguration is successfully completed.
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Figure 20.2.2.y2-1: SeNB Reconfiguration Confirmation procedure.

The SeNB Reconfiguration Confirmation procedure is used in the course of a SeNB Addition and in the course of a MeNB initiated SeNB Modification as well as SeNB initiated SeNB Modification if the procedure requires signalling towards the UE.
20.2.2.x3
MeNB initiated SeNB Modification Preparation procedure

The MeNB initiated SeNB Modification Preparation procedure is initiated by the MeNB to request the SeNB to modify resources allocated for a specific UE at the SeNB.
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Figure 20.2.2.x3-1: MeNB initiated SeNB Modification Preparation procedure.
The SeNB initiated SeNB Modification does not necessarily result in communication towards the UE.

In case resource modification at the SeNB has been performed successfully, the SeNB responds with an SENB MODICATION REQUEST ACKNOWLEDGE message.
In case the SeNB modification is not successful (e.g. no resources are available on the SeNB side) the SeNB responds with the SENB MODIFICATION REQUEST REJECT message instead.
20.2.2.x4
SeNB initiated SeNB Modification Preparation procedure
The SeNB initiated SeNB Modification Preparation procedure is initiated to request the modification of the UE context at the SeNB.
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Figure 20.2.2.x4-1: SeNB initiated SeNB Modification Preparation procedure.
If the MeNB decides to not follow the SeNBs request it replies with a SENB MODIFICATION REJECT message.
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Figure 20.2.2.x4-2: SeNB initiated SeNB Modification Reject procedure.

20.2.2.x5
MeNB initiated SeNB Release procedure

The MeNB initiated SeNB Release procedure is triggered by the MeNB to release all resources for a specific UE at the SeNB.

[image: image33.emf]MeNB SeNB

X2-AP: SENB RELEASE REQUEST

X2-AP: SENB RELEASE REQUEST

ACKNOWLEDGE


Figure 20.2.2.x5-1: MeNB initiated SeNB Release procedure.
The MeNB initiated SeNB Release Request to release all the resources for the UE.

If the SeNB successfully release the resources it replies with an SENB RELEASE REQUEST ACKNOWLEDGE message.
20.2.2.x6
SeNB initiated SeNB Release procedure

The SeNB initiated SeNB Release procedure is triggered by the SeNB to release all resources for a specific UE at the SeNB. 


[image: image34.emf]MeNB SeNB

X2-AP: SENB RELEASE REQUIRED

X2-AP: SENB RELEASE CONFIRM


Figure 20.2.2.x6-1: SeNB initiated SeNB Release procedure.
End of Modification
4
Conclusions
Proposal 1: SeNB should confirm that UE has taken SeNB configuration into use by sending SeNB Reconfiguration Confirm as class 2. On receipt of the Confirm message from SeNB, MeNB triggers path update (ERAB modification procedure) for SCG bearers.
Proposal 2: S-GW may change UL TEID at S-GW during path update procedure. MeNB can inform this change to the SeNB by means of MeNB initiated SeNB modification procedure. This description should be captured in the stage 3 specification, no need for stage 2.

Proposal 3: It should be possible with a single RRC message to perform setup of an E-RAB by MME and configuration of the respective SeNB resources in both split bearer and SCG bearer options.

Proposal 4: ERAB Setup Response should be sent after receiving SeNB Reconfiguration Confirm message from SeNB for SCG bearers. For split bearers, the response may be sent after the RRC procedure towards UE.
Proposal 5: MeNB should indicate SeNB whether data forwarding is performed or not in SCG bearer option.
Proposal 6: MeNB should perform class 2 procedure for SeNB initiated SeNB modification required. If MeNB decides not to follow the request from SeNB, another class 2 procedure as SeNB Modification Reject is used.
Proposal 7: It is proposed to agree on SeNB Reconfiguration procedure and new class 2 X2AP message as SeNB Reconfiguration Indication used for SCell configuration change for the dedicated resource and SCell deletion at SeNB.
Proposal 8: SeNB should respond with SeNB Release Request Acknowledge on receipt of SeNB Release request from MeNB. MeNB may send RRC message to the UE before receiving the SeNB Release Request Acknowledge from SeNB.

Proposal 9: Explicit release message from MeNB should be supported for both MeNB initiated and SeNB initiated release procedures by means of UE Context Release procedure.
Proposal 10: It should be possible with a single RRC message to perform release of E-RABs by MME and release of ERABs served by the respective SeNB for the UE in both split bearer and SCG bearer options.

Proposal 11: It is not needed to support Refuse message in SeNB initiated SeNB release procedure.

Proposal 12: It is proposed to agree on TP provided in section 3.

Note: Stage 3 CRs for SeNB Reconfiguration Indication and SeNB Reconfiguration Confirmation procedures are proposed in [5] and [6], respectively.
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