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Introduction

In RAN2#81bis, RAN2 discussed whether minimisation of the CN signalling load and inter-node UE context transfer [1][2] are considered as a challenge and the following were agreed regarding signalling load issue.

=>
Keeping the mobility anchor (S1-U and S1-MME) in the macro cell can save signalling overhead towards the CN (path switch) (at least for dual Rx/Tx UEs in scenario 2).

=>
Should mention that there is a trade-off between saving CP signalling towards CN and UP overhead on TN due to routing all traffic via the macro as well as inter-eNB signalling. 
In this contribution, we would like to further discuss the challenges associated with the 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 current 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 connection to the CN through 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 CN. In addition, the UE context has to be transferred from the source eNB to the target eNB.
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Fig.1 - Current EUTRAN architecture

If there are no enhancements to the current EUTRAN architecture regardless of the Small cell deployments, the approved three scenarios in [5] will be likely to increase the number of handover compared to the Macro only scenario, especially for dense deployments. The frequent handovers were already pointed out as a problem in the HetNet mobility SI [3]. Then it obviously causes an increase in the CN signalling load on S1 interfaces for the 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.

Fig.2, drawings (a), (b) and (c) shows the potential enhancements of S1-U interface with dual connectivity [4]. In each of the drawings, MeNB represents the eNB with Macro cell coverage, and SeNB represents the eNB with Small cell coverage.

The S-GW may directly connect to the SeNB via the MeNB as shown in Fig.2 (a) or may indirectly connect to the SeNB as shown in Fig.2 (b) or Fig.2 (c) with a bearer split. From the viewpoint of S1-U path switch, the S-GW does not have to change the S1-U direction in (b) and (c) because the MeNB can work as an anchor. Therefore we think that a required S1/X2 signalling for (c) is the same as (b).
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Fig.2 - Potential enhanced UP architectures for dual connectivity [4]
1.2 CN signalling load

Regarding to [1], RAN2 agreed the macro cell can save signalling overhead towards the CN if the MeNB becomes a mobility anchor (i.e. the path of S1-MME and S1-U interface are not updated). In contrast, if the mobility anchor is changed, CN signalling would be increased due to path switch.

Table.1 shows the comparisons with the number of S1/X2 signalling in a small cell addition procedure. We assume that the MeNB would negotiate with the SeNB to establish dual connectivity by sending X2-AP message (e.g. Dual connect request and Dual connect request Acknowledge message) as well as Handover request message. 

In Table.1, the number of CN signalling is obviously saved compared with HO if U-plane data is transmitted toward the SeNB through the MeNB in dual connectivity.

Table.1 -  Expected S1/X2 signalling for initiating dual connectivity

	
	Current HO procedure
	Direct S1-U (Fig.2 (a))
	Anchor S1-U (Fig.2 (b) and (c))

	X2
	Handover request
	Dual connect request
	Dual connect request

	X2
	Handover request Acknowledge
	Dual connect request Acknowledge
	Dual connect request Acknowledge

	X2
	SN Status Transfer
	SN Status Transfer
	not needed

	S1
	Path switch request
	Path switch request
	not needed

	S1
	Modify Bearer request
	Modify Bearer request
	not needed

	S1
	Modify Bearer response
	Modify Bearer response
	not needed

	S1
	Path switch request Acknowledge
	Path switch request Acknowledge
	not needed

	X2
	UE context release
	not needed
	not needed


In the light of the goal to minimise CN signalling load, Fig.2 (b) or (c) is preferred for the architecture of dual connectivity over Fig.2 (a). However using the MeNB as an anchor may cause the delay of U-plane data transfer because U-plane data has to go through non-ideal backhaul. In addition, it was expected that CN signalling load may not be significantly increased according to [2].

Therefore we should ask how RAN3 can accept the increasing of CN signalling load on X2.

Proposal 1:
The need of minimising CN signalling load challenge should be confirmed by RAN3.

1.3 Inter-node UE context transfer
We assume that UE context would be transferred to the SeNB by using new X2-AP message (e.g. Dual connect request message) at the initiation of dual connectivity.

If EUTRAN needs the full size of 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 the full size of 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 with the S1-U interface only, the S1-MME related context information may not be needed for the target SeNB. Therefore it is possible to reduce the inter-node signalling load during HO procedure. 

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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Fig.3 - inter-node UE context sharing
In the HO case, UE context is mandatory information for the target eNB therefore it is always included in Handover request message. However if it is possible for a group of small cells to share and maintain a received UE context, inter-node UE context transfer is not needed on the mobility among this group of cells. We think the group of cells are typically a small cell cluster as shown in Fig.3. The MeNB can send e.g. Dual connect request message to the SeNB without UE context in case of the mobility between the SeNB in the same cluster. FFS how long the SeNB maintains UE context i.e. when/how the SeNB should release the received UE context.

Proposal 3:
RAN2 should consider UE context is shared among a group of small cells for the minimisation of inter-node UE context transfer.

Conclusions
The following is summaries based on our analyses:
Proposal 1:
The need of minimising CN signalling load challenge should be confirmed by RAN3.

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

Proposal 3:
RAN2 should consider UE context is shared among a group of small cells for the minimisation of inter-node UE context transfer.
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