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1. Background
Following the conclusion of Small Cell Enhancement Study Item from Higher Layer aspects, a new Work Item on Dual Connectivity for LTE was approved in RAN. For the operation of Dual Connectivity, the approved WI is supposed to introduce two user plane architectures, i.e., Alternative 1A and 3C described by 36.842v1.0.0 "Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Higher layer aspects". Some work is expected in SA and CT WGs to support both alternatives. Therefore, RAN sent LS to SA for the work coordination.
On SA#62, SA2 are requested to supply a summary of potential impacts to support the two user plane architectures with the below actions:
ACTION: SA requests that SA2 prepare a reply LS, to be considered at RAN#63 / SA#63 / RAN2#85 / RAN3#83that includes (1) A summary of potential impacts implied by the solutions identified by RAN, (2) time budget estimates for how long SA2 alignment to these solutions, (3) optionally, Work Plan documentation (e.g. a SA2 part for the LTE_SC_enh_dualC work item and a Rel-12 Exception Sheet for completion of the work before SA 64.)
2. RAN Solution Highlight
2.1 Control plane

[image: image1.emf]Control Plane 

Option 1

SeNB

Uu

Xn

MeNB

RRC

UE

RRC

Uu


In dual connectivity operation, a UE always stays in a single RRC state, i.e., either RRC_CONNECTED or RRC_IDLE. The final selected solution in RAN TR is that only the MeNB generates the final RRC messages to be sent towards the UE and the UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity. The RRC messages are transmitted from MeNB. The transmission of RRC messages via SeNB is not supported.
It is also agreed that only one S1-MME connection for one UE (between MeNB and MME). 

2.2 User plane
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Alternative 1A and 3C were selected to support U-plane data split:
· 1A: some or all of the S1-U tunnels terminate in SeNB. There is no bearer split across MeNB and SeNB for the same bearer. 
· 3C: S1-U only terminates in MeNB. Some or all of the bearers split across MeNB and SeNB.
3. System impact analysis
1.1 Alternative 3C

1) Support addition and modification of SeNB resources for dual connectivity.

There is no SeNB visibility to CN. Addition and modification of SeNB resources for dual connectivity operation is controlled by MeNB and hidden to CN.
2) Location information reporting

With the bearer split, MeNB can dynamically schedule the packets going through the SeNB and it is difficult to report the location information strictly aligning with the actual cell information within SeNB. Furthermore, MeNB can control not to have the bearer split for the location sensitive bearer, e.g., bearer with cell based charging. So at least for Rel-12, it is proposed to just report the location information of the MeNB. With this approach, there is no impact on the existing location reporting principle.

3) Decision of SeNB resources addition and modification

As there is no SeNB visibility to CN and MeNB controls the bearer split, it should be the RAN decision for the bearer split and there is no CN involvement needed.
4) UE_AMBR usage control
After the addition/modification of SeNB resources, there will be two serving nodes (MeNB and SeNB) scheduling the user data simultaneously for a UE. With the two serving nodes for a UE sharing the UE_AMBR usage, the coordination between MeNB and SeNB is needed. Following the logic that RAN decides the path switch between MeNB and SeNB, such UE_AMBR usage coordination could be also transparent to CN and there is no CN involvement for such control.

5) Network sharing support

With the principle that new features should be specified to work in network sharing environments, the dual connectivity operation should consider the network sharing support. 

The system information broadcasted in the shared cells of both MeNB and SeNB contain the PLMN-id of each operator (up to 6) as usual and MeNB can connect to different MMEs belonging to different operators with S1-Flex. UE selected PLMN is based on the broadcasted PLMN info of the MeNB cell. When making the decision of the addition and modification of SeNB resources, MeNB could take the roaming and access restriction information (to be applied for subsequent mobility action during ECM-CONNECTED state) for a UE into account, e.g., the Handover Restriction List, and there is no CN involvement needed. So basically there is no impact to support the network sharing and can reuse the existing handling.

6)  CSG support
SA2 understand that the CSG support for the dual connectivity operation has not been discussed in RAN so far. But in general the CSG access control function needs CN involvement and only MME performs the access check based on the subscription information for closed mode. So if the SeNB has CSG cell, how to do the access control is a problem that needs to be solved, e.g., when the MeNB decides the bearer split to SeNB with CSG cell, how to perform the CSG access control (whether the UE is permitted to access the CSG or not)?  
SA2 would like to be informed about the RAN thinking on the CSG support or not for the small cell enhancement feature.
1.2 Alternative 1A
1) Support addition and modification of SeNB resources for dual connectivity.
During the addition and modification of SeNB resources, the User plane update (S1-U) needs to be performed by MME. The procedure looks like the X2-based Handover but something needs to be considered differently:
Solution 1A would behave like the X2 based handover but actually the eNB does not change and also only parts of the bearers for the UE are switched while the others are maintained. For the existing bearer handling during X2 HO, the non-included bearers in path switch request will be considered to be released, so the MeNB should include both the non-switched bearers and switched bearers in the path switch request to minimize the impact on CN. Or the MME needs to differentiate the special handling (e.g. new S1-AP message) to avoid the unnecessary bearer release. 
From Serving GW perspective, with both the non-switched bearers and switched bearers information in the Modify bearer request/Create session request (SGW change) message, there would be zero impact. 
2) Location information reporting
Now the location information reporting is based on the only one serving cell for the UE, but the dual connectivity operation breaks this principle. With the bearer switched to SeNB, there are two different serving cells for the different bearers. To reflect the actual serving location information, the existing location reporting mechanism needs to be enhanced to provide the different location information according to the actual serving eNB. But for Rel-12, it is proposed to simplify the handling and just report the location information of the MeNB. With this approach, there is also no impact on the existing location reporting principle. Furthermore, MeNB can also control not to switch the location sensitive bearer, e.g., bearer with cell based charging, to the SeNB.
As the CN is involved into the path switch for addition and modification of SeNB resources, considering to avoid the unnecessary location reporting signalling, i.e., no need to report the location information as the serving cell for RRC (MeNB) is not changed, and also differentiate the real X2 Handover and addition/modification of SeNB resources for dual connectivity for network statistics, the MME needs to be aware of the dual connectivity operation and adopt the new handling.

3) Decision of SeNB resources addition and modification

The CN involvement for the path switch is just to establish or release the data tunnel between the SeNB and SGW, and the decision for the path switch should be made in RAN side and transparent to CN. 

Like the X2-based Handover, presence of IP connectivity between the Serving GW and the SeNB is assumed. For the case with Serving GW change, the presence of IP connectivity between the source Serving GW and the SeNB, and between the target Serving GW and SeNB is assumed.
4) UE_AMBR usage control
After the addition/modification of SeNB resources, some bearers for a UE are switched to SeNB and all the traffic for such bearers will go directly to the SeNB. With the two separate serving nodes for a UE sharing the UE_AMBR usage, the coordination between MeNB and SeNB is needed. Following the logic that RAN decides the path switch between MeNB and SeNB, such UE_AMBR usage coordination could be also transparent to CN and there is no CN involvement for such control.

5) Network sharing support

The same as alternative 3C analysis, there is also no impact to support the network sharing and can reuse the existing handling for alternative 1A.
6) CSG support
Similar as solution 3C, when the MeNB decides to switch part bearers to SeNB with CSG cell for a UE, how to do the CSG access control is a problem that needs to be solved.

SA2 would like to be informed about the RAN thinking on the CSG support or not for the small cell enhancement feature.
1.3 System Impact summary
Based on the above analysis, the following working assumptions are identified:
1) As the RRC is only terminated in Master eNB and there is only one S1-MME connection for one UE (between Master eNB and MME), the mobile uses the TAI of the Master eNB for all NAS functionality, e.g., TAU trigger.

2) For alternative 3C, there is no SeNB visibility to CN and addition/modification of SeNB resources for dual connectivity operation is hidden to CN.

3) For alternative 1A, the CN (MME and SGW) is involved into downlink tunnel switch between the MeNB and SeNB. Presence of IP connectivity between the Serving GW and the SeNB is assumed. For the case with Serving GW change, the presence of IP connectivity between the source Serving GW and the SeNB, and between the target Serving GW and SeNB is assumed.
4) For alternative 1A and 3C, in Rel-12 the location information reporting is based on the serving cell info of MeNB.

5) CN is not involved into the decision of addition and modification of SeNB resources for dual connectivity operation. Whether the RAN needs extra inputs from CN to make the decision is FFS and depending on the RAN specific solution.

6) Support the network sharing for small cell enhancement. 

7) SA2 understand the UE_AMBR usage enforcement for both 3C and 1A is RAN functionality and request RAN to solve this issue as there are two separate serving nodes (MeNB and SeNB) scheduling the user data simultaneously for a UE. SA2 would like to be informed whether RAN can solve this issue with pure RAN approach or the CN work is needed.

8) LIPA/SIPTO support is FFS and depending on the RAN working progress.

9) CSG support is FFS and depending on the RAN working progress. And in general if supported, the CSG access control needs to be resolved when RAN makes the resource addition/modification of SeNB (with CSG cell) decision.
With the above working assumptions, from system perspective SA2 understand for both architectural alternatives 1A and 3C are technically feasible and there is no unresolved issue identified. The specific impacts within SA2 scope implied by the solutions identified by RAN are listed as below:

	Specific impacts within SA2 scope
	Workload Estimated

	1. General description in 23.401 for the feature introduction
	1 CR in 23.401 seems enough.

	2. Further evaluate whether reusing the existing X2-based handover procedure or introducing new S1-AP message/procedure to perform the path switch between the MeNB and SeNB for solution 1A. 
	Discussion papers to evaluate the potential approach. Coordination with RAN3 may be needed.

1 CR to update the existing X2-based handover procedure or introduce new procedure to support the path switch for alternative 1A based on the evaluation result.

	3. Update the 23.251 to include the network sharing support aspects.  
	1 CR in 23.251 seems enough.

	4. Align with the RAN finally specified normative solutions if the CN work is needed. Potential area would be e.g., UE_AMBR enforcement, LIPA/SIPTO support, CSG support, extra inputs from CN to let the RAN make the dual connectivity decision.
	Depend on the RAN working progress. 
If the solution is transparent to CN or not supported for Rel-12 (LIPA/SPTO, CSG), there would be zero work needed.
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