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1
Introduction
This contribution aims at completing signalling flows as available in the “Running DC CR” (see latest version in R2-140906 [1]).
It first discusses basic agreements made at RAN2#85 and captured in [1] (2.1), then it looks into basic X2 elementary procedure design (2.2), concludes on the X2 elementary procedures (2.3) and proposes relevant changes to the “Running DC CR” [1] (2.4).

This paper takes into account findings for data forwarding as discussed in [3].

Further input for the “Running DC CR” [1] is provided in [4]  for section 19 and 20 of TS 36.300 [2], and that stage 2 content for mobility procedures (SeNB change and MeNB to eNB change) is provided in [5].

A first attempt to implement required protocol changes in S1AP and X2AP can be found in [7] and [8].

Note:
The term “UE context” was introduced in Rel-8 to denote the collection of information at an eNB for a specific UE regarding the related (X2-C, S1-MME) signalling connections, X2/S1 bearer data, radio configuration and non-bearer related parameters. The same term is used in this paper for UE-specific information stored at a SeNB.

Likewise, a “bearer context” denotes the collection of information at an eNB for a specific UE related to a single E-RAB, comprising X2/S1 bearer data and the related radio configuration.


We could discuss later on, whether these terms deserve some input for the definition section in stage 2/3 specifications

2
Discussion
2.1
General

The call flows, as introduced in the “Running DC CR” [1] in §10.1.2.X, contain the basic information flow scheme as agreed at RAN2#85:

1.
The SeNB, responsible for radio resource configurations of its own resources, provides the MeNB with the (newly) allocated configuration within an RRC container. This container is sent via an X2 message

2.
The MeNB triggers the RRC connection reconfiguration procedure and, in case the UE applies the configuration successfully, the MenB receives a positive response from the UE.

3.
The MeNB notifies the SeNB of the success of the RRC connection reconfiguration procedure.
4.
Synchronisation, if necessary, is performed independently from the c-plane signalling

RAN3’s task would be to complement the signalling flows with X2 signalling schemes.

2.2
Possible approaches for X2 signalling design

As can be seen from documents submitted to RAN3#83, there are different approaches possible to design X2 procedures for DC:

1.
Option: Minimise the number of used DC specific X2 procedures as much as possible.
When looking into the “Running DC CR” [1], one might think that the only solution for the X2 EP design would be define 3 class 2 procedures and (re-)use them for every scenario. We think that it would be extremely cumbersome to specify and implement the interaction of those procedures and the respective logic for including necessary IEs. 
There have been also attempts to re-use existing X2 HO signalling, which would contradict leaves the nice modular approach we have taken in Rel-8 for S1AP and X2AP as well.
2.
Option: Try to keep X2 as modular as possible.
Each procedure should represent signalling for a specific scenario. Following this, the receiver’s logic is able to discriminate the actual scenario from the procedure applied and avoids quite cumbersome handling of optional IEs, which would be implicitly mandatory in certain cases.

One way to look at it would be to examine the different signalling tasks performed for the basic scenarios:

	Task
	SeNB Addition
	SeNB Modify
	SeNB Release

	Establish an X2 UE signalling context (X2-C, UE-AMBR share, security, …)
	Yes
	No
	No

	Modification of X2 UE signalling context
	No
	Not always 1)
	No

	Establishment of E-RAB related resources (radio and X2/S1)
	Yes
	Not always 1)
	No

	Modification of E-RAB
	No
	Not always 1)
	No

	Release of E-RAB
	No
	Not always 1)
	Yes

	RRC container provided from MeNB
	Yes
	Not always 2)
	No

	RRC container provided from SeNB
	Yes
	Not always 3)
	No 4)

	Provision of E-RAB parameters
	Yes
	Not always 1)
	No

	Establishment and trigger of forwarding resources
	If needed
	If needed in case a bearer context is transferred
	If needed in case a bearer context is transferred


Table 1: Different Functions for different scenarios.

Note 1)
SeNB Modify could be used to change radio related configuration only, or the SeNB’s UE AMBR share, etc.

Note 2)
MeNB may provide UE capability or MeNB configuration related info. This is not needed if the Modify procedure is used e.g. to establish forwarding tunnels only
Note 3)
Not included e.g. at forwarding tunnel establishment.

Note 4)
See respective discussion in SCG Release chapter of the DC CR [1] and proposals for RAN2 in .
Observation 1:
Parameterisation of necessary DC specific X2AP signalling messages to support various scenarios is very different.

Proposal 1: Avoid complicated parameter logic at sender and receiver side and chose a modular approach for DC specific EP design.

Suspicion 1: It would be wise to separate SeNB Addition, SeNB Modify and SeNB Release procedure-wise in X2-AP.

2.3
Deriving EP design from elementary flows

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 verify possibilities how to group the messages into class 1 and class 2 EPs and to check whether messages can be re-used among scenarios.
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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 does 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 “?”.

Observations when considering schematic signalling flows in Figure 1 may already allow to draw some conclusions:

1.
In order to avoid complicated handling of optional IEs, that would be mandatory for supporting the SeNB Addition scenario and optional for SeNB Modification, at least messages “Add 1” and “Add 2”, as shown in Figure 1, should be defined within X2 AP procedure(s) separated from other X2AP DC procedures defined for the Modification and Release scenarios. 

2.
Following the same approach as for HO, “Add 1” and “Add 2” could be seen as the preparation phase of the SeNB Addition and should be defined as a class 1 procedure, with the possibility for the SeNB to reject the request from MeNB. The same holds for the MeNB triggered SeNB Modification.
Proposal 2: Define the preparation phase for SeNB Addition (i.e. Add 1 & Add 2) as a class 1 EP on its own with an unsuccessful outcome. Apply the same to the MeNB triggered SeNB Modification.
3.
Given that “Mod 5” would be only sent if the scenario involves RRC signalling, one could think of defining “Add 3” and “Mod 5” as the same class 1 EP. 

4.
We could define “Mod 1” and “Mod 2” as a separate class 1 procedure. There is no scenario conceivable, where a response (“Mod 2”) wouldn’t be necessary. And it is always better to link to messages in a single class 1 procedure than specifying the interaction between two class 2 procedures.
On the other hand side, separating the “preparation phase” and the “execution” phase procedure-wise, would enable us to define “Add 3” and “Mod 5”, probably also “Mod 2” and, if needed, “Rel 2” and “Rel 5” as the same class 2 procedure.
However, “Mod 2” might contain different information than a pure success indication to the SeNB about the outcome of the RRC Reconfiguration, which would make exceptional handling for the other scenarios necessary.
Proposal 3: Define the preparation and the completion of the SeNB triggered modification as a single class 1 X2AP procedure with an unsuccessful outcome.
Proposal 4: We could discuss the definition of a common “SeNB Reconfiguration Complete Indication” class 2 procedure for the Addition and MeNB triggered Modification, which should also be used to indicate an unsuccessful outcome. 
Note, that this approach was finally chosen when we tried to perform an example implementation in X2AP [7].
5.
Release procedures could be realised by Modification procedures containing “E-RABs to release lists” only, creating a logic, where the sender and receiver would need to observe the content of the request message, i.e. the “E-RABs to release list” would need to contain all E-RABs that are still active. However, we would prefer to apply the same procedure logic as in S1AP, where the UE Context Release procedure shall be used to remove all E-RABs rather than using the E-RAB Release procedure.
As discussed for data forwarding (see R3-140816 [3]) a final release is proposed as for the X2 HO.
Proposal 5: Define separate X2 procedures for the SeNB release.

6.
Within S1AP, the S1 E-RAB Modify procedure is used for existing E-RABs only. Separating in S1AP E-RAB Setup, Modify and Release was one result of “lessons learned” from 3G. In S1AP, UE specific signalling is basically handled on two levels: UE context and E-RABs, and those levels are separated along different EPs, whereas UE Context Setup and UE Context Release contains E-RABs to be setup or released.
With the discussions led so far, it seems, that SeNB Addition and SeNB Release can be seen as the analogon to S1 UE Context Setup and UE Context Release procedures. Whereas the SeNB Modify would contain functions analogue to the S1 E-RAB procedures and the S1 UE Context modification procedure.
We are however of the opinion, that the burden of defining a single modification procedure is bearable in X2AP.
Proposal 6: Provide the possibility in the modification procedures to add, release and modify bearer contexts and the possibility to modify non-bearer context related parameters of the UE context.
7.
Data forwarding as discussed in R3-140816 [3], requires the establishment of forwarding tunnels between the involved eNBs. As stated in [3], the forwarding tunnels would need to be established before the RRC Reconfiguration is triggered:

-
at Addition, the establishment of the forwarding tunnel can be achieved with respective preparation procedure, in fact, the SeNB would provide the forwarding tunnel address information in message “Add 2”.
-
at SeNB triggered Modification, the only realistic scenario requiring data forwarding is the case where a bearer context is moved the MeNB (if a bearer is moved to the SeNB, this would be triggered by the MeNB).
As shown in Figure 2, the MeNB triggered modification procedure (“Mod 3” & ”Mod4”) can be used to provide the forwarding address information to the SeNB.
-
at MeNB triggered Modification, for both cases, bearer transfer to and from the SeNB, provision of forwarding addresses can be performed within the preparation procedure (“Mod 3” and “Mod 4”): “Mod 3” would provide the forwarding address information if the bearer context is moved to the MeNB, “Mod 4” in case the bearer context is moved to the SeNB.
-
at MeNB and SeNB triggered Release, the forwarding address is provided in a message from the MeNB, details discussed further down.
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Figure 2: Establishment of forwarding tunnels at SeNB triggered SeNB Modification & Release.

Proposal 7: Allow the preparation class 1 procedure for SeNB Addition, MeNB triggered Modification and MeNB triggered Release to carry forwarding tunnel information.
8.
SeNB Release: as a basic design goal, we would like to allow a fast release of SeNB resources. This is benefitial in time critical situations, e.g. at mobility (SeNB change, …).

-
At SeNB initiated SeNB Release, the trigger for data forwarding and to stop providing data to the UE should come from the MeNB, which triggers the RRC procedure. We think that it would be advantageous to define the SeNB initiated release as a class 1 procedure, where the response message may provide forwarding addresses. 
This easies complicated procedure interaction logic to handle cases where the MeNB would not provide forwarding addresses.
There are also cases possible (e.g. during special load situation), where the MeNB decides to not accept the request from the SeNB, in which case a negative response should be defined.
Once the MeNB has sent the message that may carry forwarding address information, it may as well trigger the RRC connection reconfiguration procedure, whereas the exact timing is implementation specific as for the Rel-8 handover execution phase.

-
For MeNB initiated SeNB Release, a class 2 procedure should be sufficient. The respective message could carry forwarding addresses. Once sent, the MeNB can trigger the RRC connection reconfiguration procedure. We cannot see any need for a response message.

-
We also propose to not define any “final release” message from the MeNB to the SeNB, respective actions at the SeNB to release the whole UE context can be performed locally, latest once data forwarding has ended (see also discussion in [3]).
Proposal 8: The MeNB initiated SeNB Release is defined as a class 2, the SeNB initiated SeNB Release is defined as a class 1 procedure.

Proposal 9: The RRC connection reconfiguration procedure can be triggered after the MeNB has sent the X2AP message to the SeNB that triggers the SeNB to stop providing user data to the UE and in case this message carries forwarding address information it triggers the SeNB to start forwarding.
Proposal 10: Do not define any “final SeNB release” indication to the SeNB, final release of the whole UE context can be performed locally.

[image: image3.emf]UE MeNB SeNB

RCR

RCRC

MeNB initiated SeNB Release

UE MeNB SeNB

Rel 1

RCR

RCRC

SeNB initiated SeNB Release

Rel 3 Rel 1a

Establishment 

of forwarding 

tunnels

Establishment 

of forwarding 

tunnels

Local 

release

Local 

release


Figure 3: SeNB and MeNB initiated release. Establishment of forwarding tunnel shown.

Finally, Figure 4 shows the schematic signalling flows from Figure 1, depicting our proposals and suggesting X2AP message names that will be used in the next section for introducing overall signalling flows:

[image: image4.emf]UE MeNB

SeNB

SeNB Addition Request

SeNB Addition Request Acknowledge

(or SeNB Addition Request Reject)

RCR

RCRC

SeNB Reconfiguration Complete

(which may indicate

an unsuccessful outcome)

SeNB Addition

UE MeNB

SeNB

SeNB Modification Required

RCR

RCRC

SeNB Modification Confirm

(or SeNB Modificaton Refuse)

SeNB triggered SeNB Modifcation

UE MeNB

SeNB

SeNB Modification Request Acknowledge

(or SeNB Modification Request Reject)

RCR

RCRC

SeNB Reconfiguration Complete

(which may indicate

an unsuccessful outcome)

MeNB triggered SeNB Modification

SeNB Modification Request

UE MeNB SeNB

SeNB Release Required

RCR

RCRC

SeNB triggered SeNB Release

UE MeNB

SeNB

RCR

RCRC

MeNB triggered SeNB Release

SeNB Release Request

SeNB Release Confirm

(or SeNB Release Refuse)

 

Figure 4: Schematic signalling flows for basic DC scenarios with finally chosen X2 AP procedures and message names.

2.4
Update of relevant “Running DC CR” content for overall signalling flows
In order for the dual connectivity specific text to fit on the same section level as proposed in the running DC CR [1], some modifications are necessary in those chapters under section §10, that were written for handover purposes only.

After that, we propose to leave the current text in [1] to show the specific handling for inter-node RRC signalling messages and their relation to RRC signalling towards the UE and to open a new sub-section to show the overall signalling schemes. It is also proposed to generalise X2AP message names in the section provided by RAN2 (new 10.1.2.X.1), the message names in the flows and the text are updated accordingly
Proposal 11: Agree on the text proposal for the “running DC CR” provided in section 2.4.
<<<<<<<<<<<<<<<<<<<< Start of proposed Modifications  >>>>>>>>>>>>>>>>>>>>

10
Mobility

Load balancing is achieved in E-UTRAN with handover, redirection mechanisms upon RRC release, dual connectivity and through the usage of inter-frequency and inter-RAT absolute priorities and inter-frequency Qoffset parameters.

Measurements to be performed by a UE for mobility are classified in at least four measurement types:
-
Intra-frequency E-UTRAN measurements;

-
Inter-frequency E-UTRAN measurements;

-
Inter-RAT measurements for UTRAN and GERAN;

-
Inter-RAT measurements of CDMA2000 HRPD or 1xRTT frequencies.

For each measurement type one or several measurement objects can be defined (a measurement object defines e.g. the carrier frequency to be monitored). 

For each measurement object one or several reporting configurations can be defined (a reporting configuration defines the reporting criteria). Three reporting criteria are used: event triggered reporting, periodic reporting and event triggered periodic reporting.

The association between a measurement object and a reporting configuration is created by a measurement identity (a measurement identity links together one measurement object and one reporting configuration of same RAT). By using several measurement identities (one for each measurement object, reporting configuration pair) it is possible:

-
To associate several reporting configurations to one measurement object and;

-
To associate one reporting configuration to several measurement objects.

The measurements identity is as well used when reporting results of the measurements. 

Measurement quantities are considered separately for each RAT. 

Measurement commands are used by E-UTRAN to order the UE to start measurements, modify measurements or stop measurements.

10.1
Intra E-UTRAN

In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers and dual connectivity specific activities are performed and various DRX cycles are supported.

In E-UTRAN RRC_IDLE state, cell reselections are performed and DRX is supported.

10.1.1
Mobility Management in ECM-IDLE
<<<<<<<<<<<<<<<<<<<< Next proposed Modifications  >>>>>>>>>>>>>>>>>>>>

10.1.2
Mobility Management in ECM-CONNECTED
The Intra-E-UTRAN-Access Mobility Support for UEs in ECM-CONNECTED handles all necessary steps for 
-
handover procedures, like processes that precede the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific roaming and access restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.
-
dual connectivity specific procedures, like processes that precede the final decision for a certain configuration (control and evaluation of UE and network side measurements), preparation of respective resources on the network side, commanding the UE to the new radio resources configuration and, if applicable, finally releasing resources. It contains mechanisms to transfer UE- and bearer-context data between involved nodes, and to update node relations on C-plane and U-plane.
In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers and dual connectivity specific activities are performed and various DRX cycles are supported:

The UE makes measurements of attributes of the serving and neighbour cells to enable the process:

-
There is no need to indicate neighbouring cells to enable the UE to search and measure a cell i.e. E-UTRAN relies on the UE to detect the neighbouring cells;

-
For the search and measurement of inter-frequency neighbouring cells, at least the carrier frequencies need to be indicated;

-
The E-UTRAN signals reporting criteria for event-triggered and periodical reporting;

-
An NCL can be provided by the serving cell by RRC dedicated signalling to handle specific cases for intra- and inter-frequency neighbouring cells. This NCL contains cell specific measurement parameters (e.g. cell specific offset) for specific neighbouring cells;

-
Black lists can be provided to prevent the UE from measuring specific neighbouring cells.

Depending on whether the UE needs transmission/reception gaps to perform the relevant measurements, measurements are classified as gap assisted or non-gap assisted. A non-gap assisted measurement is a measurement on a cell that does not require transmission/reception gaps to allow the measurement to be performed. A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed. Gap patterns (as opposed to individual gaps) are configured and activated by RRC.
10.1.2.1
Handover
<<<<<<<<<<<<<<<<<<<< Next proposed Modifications  >>>>>>>>>>>>>>>>>>>>

10.1.2.X
Dual connectivity operation
10.1.2.X.1
Exchange of radio configuration information among involved entities
10.1.2.X.1.1
SCG modification
The SCG modification procedure is initiated by the SeNB and used to perform configuration changes of the SCG within the same SeNB. Figure 10.1.2.X.1-1 shows the SCG Modification procedure.

NOTE:
The actual X2-AP message names used are not specified in this chapter. Appropriate inter-eNB RRC message names need to be given.
1.
The SeNB provides the new radio resource configuration of SCG by the Inter-eNB-RRC-message-X carried by an appropriate X2AP message.
2.
The MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG according to the Inter-eNB-RRC-message-X.

3.
The UE applies the new configuration and reply the RRCConnectionReconfigurationComplete message. If synchronisation towards the SeNB is not required for the new configuration, the UE may perform UL transmission after having applied the new configuration. If the new configuration requires synchronisation towards the SeNB, the UE performs the Random Access procedure. The IE by which the SeNB triggers the Random Access procedure is FFS.
4.
The MeNB replies the SCG Modification Response to the SeNB forwarding the Inter-eNB-RRC-message-Y message within an appropriate X2AP message.
The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRCConnectionReconfiguration procedure.

A cell carrying PUCCH in SCG can be changed with the SCG Modification procedure. The SeNB can decide whether the Random Access procedure is required, e.g., depending on whether the old and new cell carrying PUCCH belongs to the same TAG.


[image: image5.emf]UE MeNB SeNB

1. Inter eNB RRC message X(carried 

within an appropriate X2APmessage)

2. RRCConnectionReconfiguration

3. RRCConnectionReconfigurationComplete

3. Random Access Procedure

4. Inter eNB RRC message Y(carried 

within an appropriate X2APmessage)


Figure 10.1.2.X.1.1-1:
SCG Modification procedure

10.1.2.X.1.2
SCG addition/MeNB triggered SCG modification 

The SCG addition procedure is initiated by the MeNB and used to add the first cell of the SCG. The MeNB triggered SCG modification procedure is initiated by the MeNB and used as described in subclause 10.1.2.X.1.1. Figure 10.1.2.X.1.2-1 shows the SCG Addition/MeNB triggered SCG modification procedure. 

NOTE:
The actual X2-AP message names used are not specified in this chapter. Appropriate inter-eNB RRC message names need to be given.
1.
The MeNB sends within an appropriate X2AP message the Inter-eNB-RRC-message-Z which contains  the MCG configuration for UE capability coordination to be used as basis for the reconfiguration by the SeNB.

2.
The SCG Modification procedure as described in 10.1.2.X.2.1.
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Figure 10.1.2.X.1.2-1:
SCG Addition/MeNB triggered SCG modification procedure

10.1.2.X.1.3
SCG change

The SCG change procedure is used to change configured SCG from one SeNB to another in the UE. The SCG change procedure is realized by the SCG Modification procedure as described in 10.1.X.1.1. The RRCConnectionReconfiguration message comprises the release of the source SCG. It is FFS whether this part of message is generated by the MeNB or the source SeNB.

10.1.2.X.1.4
SCG release

The SCG release procedure is used to release the CG in an SeNB. The SCG release procedure is realized by the SCG Modification procedure as described in 10.1.X.1.1. The RRCConnectionReconfiguration message comprises the release of the SCG. It is FFS whether this part of message is generated by the MeNB or the SeNB.

10.1.2.X.1.5
SCG release during handover from an MeNB to an eNB
Upon handover from an MeNB to an eNB, the source MeNB includes the SCG configuration in the HandoverPreparationInformation. The target eNB prepares RRCConnectionReconfiguration message including mobilityControlInformation which triggers handover and the SCG release. It is only possible to assign a new SCG configuration after completing the handover.
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 also allocate dedicated RACH preamble for the UE so that synchronisation of the SeNB radio resource configuration can be performed. The SeNB provides the new radio resource configuration to the MeNB. For SCP 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./8.
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 Report). 

Note:
The order of the RRC Connection Reconfiguration procedure (steps 3/4) and the synchronisation procedure (step 6) is described in 10.1.2.X.1.1.

Note:
In case of split bearers, transmission of user plane data may take place after step 6.

Note:
In case of SCG bearers, data forwarding and the SN Status transfer may take place after step 2.
11.-13. For SCG bearers, the update of the UP path towards the EPC is performed. 

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.

If the bearer context at the SeNB is configured with the SCG bearer option and, if applicable

7./8. 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.)

9.
A path update is performed.
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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 that includes

1.
The SeNB sends the SeNB Modification Required message, which may contain bearer context related or other UE context related information. 
2./3.
If the bearer context at the SeNB is configured with the SCG bearer option and, if data forwarding needs to be applied, the MeNB triggers the preparation of the MeNB initiated SeNB Modification procedure and provides forwarding address information within the SeNB Modification Request message.

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

6.
Success of the RRC connection reconfiguration procedure is indicated in the SeNB Modification Complete message.

7.
The UE performs synchronisation towards the cell of the SeNB.

8./9. Data forwarding between MeNB and the SeNB takes place. (Figure 10.1.2.X.2.2-2 depicts the case where a bearer context is transferred from the SeNB to the MeNB.)

10.
A path update is performed.

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, which may include the release or the transfer of bearer contexts.

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


[image: image10.emf]UE MeNB SeNB S-GW MME

2. RRCConnectionReconfiguration

3. RRCConnectionReconfigurationComplete

4. SNStatus Transfer

5. Data Forwarding

6. Path Update procedure

1. SeNB Release Request


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 SeNB 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.
NOTE:
If the UE is not consuming radio resources at the SeNB any more and if no path update is needed, the MeNB initiated Release procedure could be completed with sending the SeNB Release Request message to the SeNB.

NOTE:
This assumes that the MeNB provides the part of the RRCConnectionReconfiguration message that releases SeNB resources. 
2./3.
The MeNB initiates the RRC connection reconfiguration procedure.
NOTE:
If a bearer contexts 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.

4./5.
Data forwarding from the SeNB to the MeNB takes place (steps 4 and 5)

6.
The path update procedure is initiated (step 6).
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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.
NOTE:
If the UE is not consuming radio resources at the SeNB any more and/or if no path update is needed, the SeNB initiated Release procedure could be completed at this point.

3./4.
The MeNB initiates the RRC connection reconfiguration procedure.  
NOTE:
If a bearer contexts 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.
The path update procedure is initiated.
3
Proposal
Proposal 1: Avoid complicated parameter logic at sender and receiver side and chose a modular approach for DC specific EP design.

Proposal 2: Define the preparation phase for SeNB Addition (i.e. Add 1 & Add 2) as a class 1 EP on its own with an unsuccessful outcome. Apply the same to the MeNB triggered SeNB Modification.
Proposal 3: Define the preparation and the completion of the SeNB triggered modification as a single class 1 X2AP procedure with an unsuccessful outcome.
Proposal 4: We could discuss the definition of a common “SeNB Reconfiguration Complete Indication” class 2 procedure for the Addition and MeNB triggered Modification, which should also be used to indicate an unsuccessful outcome. 
Note, that this approach was finally chosen when we tried to perform an example implementation in X2AP [7].

Proposal 5: Define separate X2 procedures for the SeNB release.

Proposal 6: Provide the possibility in the modification procedures to add, release and modify bearer contexts and the possibility to modify non-bearer context related parameters of the UE context.
Proposal 7: Allow the preparation class 1 procedure for SeNB Addition, MeNB triggered Modification and MeNB triggered Release to carry forwarding tunnel information.
Proposal 8: The MeNB initiated SeNB Release is defined as a class 2, the SeNB initiated SeNB Release is defined as a class 1 procedure.

Proposal 9: The RRC connection reconfiguration procedure can be triggered after the MeNB has sent the X2AP message to the SeNB that triggers the SeNB to stop providing user data to the UE and in case this message carries forwarding address information it triggers the SeNB to start forwarding.
Proposal 10: Do not define any “final SeNB release” indication to the SeNB, final release of the whole UE context can be performed locally.
Proposal 11: Agree on the text proposal for the “running DC CR” provided in section 2.4.
4
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