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Introduction

In RAN2#81, three deployment scenarios are identified for the further study of dual connectivity [1]. 

1)
Macro and pico cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul

2)
Macro and pico cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul

3)
Only pico cells on one or more carrier frequencies connected via non-ideal backhaul typically low and medium UE mobility
In above all scenarios, it implies that frequent HO will be occurred between Macro cell and Pico cell (i.e. small cell) or between Pico cells. Therefore CN signalling load and inter-node UE context transfer will be increased on the Small cell deployments.

In this contribution, we would like to discuss challenging about minimisation of the CN signalling load and inter-node UE context transfer.

Discussion
1.1 EUTRAN architecture with dual connectivity

Fig.1 shows the baseline of EUTRAN architecture. The eNBs are connected to the MME by S1-MME interface and also connected to the S-GW by S1-U interface.
In the current architecture, the UE is supposed to keep a single connectivity to the one eNB. Therefore, in the case of inter-eNB handover, the S1-MME and S1-U interfaces have to be changed to maintain the connectivity between the UE and the eNB. In addition, the UE context has to be transferred from the source eNB to the target eNB.

[image: image1.emf]eNB eNB

MME S-GW


Fig.1 - Current EUTRAN architecture

If there are no enhancements regardless of the Small cell deployments, the approved three scenarios will be likely to increase the number of handover compared to the Macro only scenario, especially for dense deployments. It is already seen in the HetNet mobility SI [2]. Then it obviously causes to increase the CN signalling load on S1 interfaces for updating data path (i.e. Path Switch and Modify Bearer). In addition, it also increases inter-node signalling load on X2 interface for exchanging UE context transfer.

Observation 1:
CN signalling load and inter-node signalling load are likely to be increased due to frequent HO on Small cell deployment scenarios.

Fig.2 shows the potential enhancements of S1-U interface with dual connectivity. In the Fig.2, the MeNB represents the eNB with Mcro cell coverage. As well as the SeNB represents the eNB with Small cell coverage.

The S-GW may indirectly connect to the SeNB via the MeNB as shown in Fig.2 (a) or may directly connect to the SeNB as shown in Fig.2 (b). 

[image: image2.emf]MeNB SeNB

MME S-GW

MeNB SeNB

MME S-GW

(a) (b)


Fig.2 - Potential enhanced architectures for dual connectivity
Considering mobility between Small cells which are connected to the same SeNB (i.e. intra-SeNB), neither data path switch nor inter-node UE context transfer would be needed. Then we would like to focus on mobility except the intra-SeNB HO for the later sections.

1.2 CN signalling load

In this section, we would like to analyse CN impacts and CN signalling load with dual connectivity.

A. Scenarios 1 and 2

Case (a): the SeNB connected to the S-GW via the MeNB

· In this case, the S-GW can maintain a single S1-U interface therefore there is none or very limited impact on CN side. 

· When the EUTRAN wants to connect to the SeNB with dual connectivity, the MME/S-GW may not change the data path between the S-GW and the MeNB. Instead, the U-plane data from S-GW would be transferred to the SeNB by the MeNB. When the UE with dual connectivity moves out of SeNB coverage, the MME/S-GW may not change the data path as well. Because the UE still stays in the area of Macro cell coverage. Therefore the MeNB just stops transferring the U-plane data.

· Drawback of this architecture is that it needs to transfer the U-plane data from the MeNB to the SeNB via backhaul therefore the U-plane data could be delayed due to non-ideal backhaul. Moreover in the inter-SeNB HO case, the route of data path between the MeNB and the SeNB should be updated. 

Case (b): the SeNB directly connected to the S-GW

· The S-GW can also maintain a single S1-U interface as well as Case (a). 

· However, it would have higher impacts on CN signalling load than Case (a). When the EUTRAN wants to connect to the SeNB with dual connectivity, the MME/S-GW has to switch the data path from “the S-GW to the MeNB” to “from the S-GW to the SeNB”. Besides, the MME/S-GW has to revert back the data path from “the S-GW to the SeNB” to “from the S-GW to the MeNB” after the UE with dual connectivity moves out of SeNB coverage.

· Considering the inter-SeNB HO, the MME/S-GW has to switch the data path from the source SeNB to the target SeNB. In dense scenario, it easily expects to increase CN signalling load significantly due to frequent HO. 

· However the benefit of this case is the delay of U-plane data transfer could be avoided because U-plane data does not go through non-ideal backhaul.

From above analysis, CN signalling load due to frequent HO may or may not be decreased by dual connectivity.

Observation 2:
In Scenarios 1 and 2, minimising of CN signalling load is depend on whether data path switch is needed for dual connectivity.

Observation 2a:
In Scenarios 1 and 2, the U-plane data could be delayed if the eNB transfers the U-plane data between the inter-nodes.

Proposal 1:
RAN2 should take into account latency of the U-plane data on the minimisation of CN signalling load.

B. Scenario 3

Case (a): the SeNB connected to the S-GW via the MeNB

· Because there are only Small cells, the MeNB in Fig.2 should be interpreted as the eNB with Small cell coverage (i.e. same as SeNB). Therefore, when the UE with dual connectivity moves out of SeNB coverage, the UE consequently moves out of MeNB coverage.

· It means that the MME/S-GW has to change the data path between the S-GW and the MeNB similar to the legacy HO procedure.

Case (b): the SeNB directly connected to the S-GW

· Same reason of Case (a), the data path has to be changed during HO procedure. 

Therefore CN signalling load due to frequent HO may not be decreased by dual connectivity in Scenario 3.

Observation 3:
In Scenarios 3, dual connectivity does not minimise CN signalling load.

1.3 Inter-node UE context transfer
In this section, we would like to analyse of backhaul impact corresponding to UE context transfer between inter-nodes. 

We think that a required inter-node UE context transfer depends on the architectures for dual connectivity.

If EUTRN needs full UE context for dual connectivity as well as the legacy HO, inter-node signalling load on the backhaul could not be decreased during HO procedure. On the other hand, if EUTRAN does not need to transfer full UE context for dual connectivity, the MeNB can provide only a part of UE context to the target SeNB at the initiation of dual connectivity. For example if the SeNB is configured the S1-U interface only, the S1-MME related context information may not be transferred for the target SeNB. Therefore it is possible to reduce the inter-node signalling load during HO procedure. FFS how long the SeNB maintains UE context i.e. when/how the SeNB should release the received UE context. 

From above analysis, inter-node UE context transfer due to frequent HO may or may not be decreased by dual connectivity.

Observation 4:
Minimising of inter-node UE context transfer depends on the architectures for dual connectivity.

Observation 4a:
If the target eNB does not need some of UE context for dual connectivity, the source eNB may transfer a part of UE context at the initiation of dual connectivity.

Proposal 2:
RAN2 should clarify UE context required for the eNB with Small cell coverage on the minimisation of inter-node UE context transfer.

Conclusions
The following is summaries based on our analyses:
Proposal 1:
RAN2 should take into account latency of the U-plane data on the minimisation of CN signalling load.

Proposal 2:
RAN2 should clarify UE context required for the eNB with Small cell coverage on the minimisation of inter-node UE context transfer.
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