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1
Introduction
This paper provides an overview on higher layer procedures necessary for handling offloading resources to and offloaded resources at a SeNB.
The suggested message flows try to incorporate already existing protocol functions and established principles. Details like exact content and naming of different messages is FFS. The main aim is to provide additional information for Control Plane options C1 and C2 as defined in the latest version of TR 36.842 [1] and discussed in email discussion [82#17].
The discussion tries to generalise overall signalling schemes w.r.t. the various User Plane options still under discussion and highlight differences where necessary.

Two scenarios are depicted: 

-
Offload of traffic from resources provided by the MeNB towards resources provided by the SeNB

-
Modification of resources provided by the SeNB.
2
Discussion

2.1
General principles
In this subsection we discuss general principles for the offloading procedures over Xn. We assume autonomous RRM entities in the eNBs involved in dual connectivity. The principles are as follows:
-
Although MeNB would keep the overall control for a UE in dual connectivity, it is finally the SeNB’s decision whether resources requested by the MeNB for a particular UE are granted.
-
Xn protocol design would consequently follow rather a peer-to-peer principle than a master-slave approach. To that respect, Xn protocol functions can be regarded to fit well into current X2 protocol design.

-
Dependent on the level of independence allowed for the SeNB (there is likely more independence assumed for the C2 option compared to C1), the eNBs involved in dual connectivity would need to have quite an up-to-date information about the UE’s current overall resource allocation:
e.g. for modification of SeNB resources in the C2 option, the SeNB would either need to co-ordinate each modification with the MeNB or act within certain limits defined by the MeNB, whereas for C1, each single SeNB resource modification needs to be consulted with and communicated via the MeNB.
Offloading traffic to the SeNB may follow principles similar to Rel-8 HO procedure:

a)
the MeNB provides the SeNB with  

-
S1-level E-RAB QoS information 
(to allow the SeNB to allocate/schedule resources appropriately)
-
UE Capability information 
(to allow the SeNB to allocate resources within the UE’s capability limits)
-
current UE radio resource configuration at MeNB
(to implicitly request the SeNB to allocate additional resources in a way that it fits into UE capabilities while leaving current MeNB configurations unchanged)
b)
the SeNB allocates resources and determine RRC configurations taking into account the received information and provides respective information to the MeNB

-
best would be to follow the HO approach and create an (or part of an) RRC message the MeNB could easily put into the final message

-
it is assumed that for both C1 and C2, RRC signalling for initial offload will be initiated by the MeNB

c)
the MeNB may examine the information and give the final ok before finally assembling the RRC message towards the UE

-
There might be a non-typical case where the SeNB allocates resources in a non-satisfying way. Then the MeNB should reject/cancel the RRC configuration and may decide to restart the resource allocation procedure.
Any kind of resource negotiation would be regarded a sign of bad implementation or configuration of the network and would further delay offload unnecessarily.

d)
at the end of the SeNB configuration phase

-
all eNBs involved in dual connectivity have knowledge about the UE’s future radio resource configuration

2.2
E-RAB offload
2.2.1
E-RAB offload for Option C1

Figure 2.2.1-1 depicts the overall signalling scheme for offloading E-RAB traffic to a SeNB with CP option 1, depicting S1-MME signalling and UP path details for the UP option 1A.
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Figure 2.2.1-1: E-RAB offload – option C1.

As depicted in Figure 1, offloading a bearer to the SeNB could involve the following steps:

1.
In the beginning, radio resources for an E-RAB are provided by the MeNB only.
2.
The MeNB decides to offload E-RAB to the SeNB. 

Note:
For UP Alt 3 the offload may be executed only partially and the MeNB would need to decide to which extent the offload shall happen, which may result in an indication of E-RAB parameters over Xn in step 3 that are different than the E-RAB parameters over S1. 

3.
The MeNB requests the SeNB to setup resources for the E-RAB, indicating E-RAB characteristics (QoS, UL TNL address information), UE Capabilities and the current overall radio resource configuration at the MeNB for that UE.
Note:
Indication of current radio resource configuration could be defined as an inter-node RRC message, provided transparently via Xn, e.g. utilising/adopting the existing structure of the RadioResourceConfigDedicated IE.

4.
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, 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.
5.
The SeNB provides the new radio resource configuration to the MeNB, together with E-RAB DL TNL address information.  

Note:
Indication of current radio resource configuration could be defined as an inter-node RRC message, provided transparently via Xn, e.g. utilising/adopting the existing structure of the RadioResourceConfigDedicated IE.

6.
The MeNB may verify the proposed the new radio resource configuration.

7.
If the MeNB acknowledge the new configuration, it triggers the UE to apply it. The reconfiguration message may provide within the MobilityControlInfo IE received from the SeNB in step 4. The UE starts to apply the new configuration.
8./9.
Dependent on the UP option and QoS characteristics the MeNB may take actions to minimise service interruption due to offload (Data forwarding, Status Report).

10.
The UE performs synchronisation towards the cell of the SeNB. This indicates for the SeNB that the UE has taken the new configuration into use. 
Note: 
For simplicity, synchronisation with contention free random access using dedicated preamble is shown in the figures. However, contention based random access could equally well be used.
11.
The UE completes the reconfiguration procedure.
12.
The SeNB reports detection of synchronisation and that the new configuration is being in use already.

13.-16. For UP option 1A, the update of the UP path towards the EPC is performed.
2.2.2
E-RAB offload for Option C2

Figure 2.2.2-1 depicts the overall signalling scheme for offloading E-RAB resources to an SeNB with CP option 2, depicting S1-MME signalling details for UP option 1A.

Only important differences of C2 compared to C1 are highlighted.
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Figure 2.2.2-1: E-RAB offload – option C2.

1.-5.
The resource allocation phase is almost the same compared to option C1..
7.-12. Execution phase

7.
The execution phase is triggered from the MeNB.

8./9. Measures to minimize services interruption

10.
The UE gains synchronisation.

11.
The UE completes the reconfiguration procedure towards the SeNB.
In contrast to a normal HO, MeNB resources are still kept, at least for control signalling.
12.
The SeNB reports completion of the reconfiguration procedure to the MeNB.

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

2.2.3
Difference between C1 and C2 for E-RAB offload

There are only marginal differences between C1 and C2 for offloading in terms of signalling efficiency, most of which stemming from the basic definition of CP option C2:

-
In C1, synchronisation of SeNB RRC configuration may require additional random access procedure towards the SeNB whereas in C2, the RRCConnectionReconfigurationComplete would serve as indication that the UE has applied the new configuration. If synchronization is needed before RRCConnectionConfigurationComplete, then in both cases Random Access towards the SeNB is needed. 
-
In C2, the UE completes the reconfiguration procedure towards the SeNB, ie, RRCConnectionReconfigurationComplete.

-
In C2, after successful E-RAB offload, an additional RRC signalling connection is configured for the UE within the SeNB.  

2.3
SeNB configuration modification requested by the SeNB
2.3.1
SeNB configuration modification by the SeNB for Option C1

Figure 2.3.1-1 depicts the overall signalling scheme for modification of the SeNB radio resource configuration with CP option 1. The basic signalling scheme should be applicable to all the UP options.
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 Figure 2.3.1-1: SeNB configuration modification by the SeNB – option C1.

1.
The UE receives UP traffic via the SeNB, which might be routed directly from the S-GW to the SeNB (UP option 1A, as shown in Figure 2.3.1-1) or via the MeNB (UP alt. 2/3).

2.
The MeNB and the SeNB are of full knowledge about the UEs current radio resource configurations in the MeNB and the SeNB to guarantee that the capabilities are not exceeded.  

3.
The SeNB decides to request a modification of SeNB configuration. The requested modification should respect the UE’s capabilities and the current MeNB configuration.
4.
The SeNB signals the requested modification to the MeNB.

5.
The MeNB checks the requested modification against the UE’s capabilities and the current configured resources and may endorse the request.

6.
The MeNB may reject the request if it is not able to endorse it.
7.
The MeNB signals the reconfiguration request to the UE. The UE applies the new configuration.
8.
The UE indicates that it has taken the new configuration into use by synchronising towards the SeNB.

9.
The UE completes the reconfiguration procedure.
10. Once the UE has performed synchronisation towards the SeNB successfully, the SeNB confirms that the modified SeNB Configuration is in use by the UE.

11.
The MeNB completes the Modification procedure towards the SeNB.

12.
No changes were made to the backhaul UP path.
2.3.2
SeNB configuration modification by the SeNB for Option C2

Figure 2.3.2-1 depicts one possible overall signalling scheme for modification of SeNB radio resource configuration with CP option 2. The basic signalling scheme should be applicable to all the UP options.

Only important differences of C2 compared to C1 are highlighted.
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 Figure 2.3.2-1: SeNB resource modification– option C2.

1.-6. Preparation Phase:

5a.
The MeNB, serving as a central point of co-ordination, checks that the UE’s RRC configurations for SeNB and MeNB together do not exceed the UE capabilities. 
6.
If the MeNB doesn’t endorse the modification or another modification is on-going, it rejects the request.  

7-11. Execution Phase:

8.
The UE may perform synchronisation to the SeNB, if needed.

9.
The UE completes the reconfiguration procedure to the SeNB.

10.
The SeNB indicates the completion of the reconfiguration procedure to the MeNB.

11.
The MeNB completes the modification procedure.

12.
No changes were made to the backhaul UP path.

In some cases Steps 4-6 can be skipped e.g. when there is no risk that capabilities are exceeded.

2.3.3
Difference between C1 and C2 for SeNB configuration modification
Again, only marginal differences between C1 and C2 are identified for the SeNB configuration modification in terms of signalling efficiency, most of which stemming from the fact that the MeNB needs to be contacted in order to keep its overall co-ordination role:
-
In C2, the synchronisation step might not be necessary as the completion of the reconfiguration is received by the SeNB with sufficiently small delay, whereas in C1, synchronisation is a necessary part of the overall signalling scheme due to signalling delay imposed by the backhaul.
3
Conclusion and Proposal
This document provides for both CP options overall example signalling schemes for offloading to an SeNB and SeNB configuration modification. Differences between both CP options have been highlighted.

Proposal 1: 
Agree that the differences between C1 and C2 in terms of signalling efficiency are marginal.
4
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