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1. Introduction
For small cell deployment, the increased signalling load due to frequent handover is one of the expected challenges which should be considered for all scenarios.

In this contribution, we would like to discuss whether using dual connectivity is beneficial to the signaling saving and whether the traffic patterns evaluated in Rel-11 eDDA should be considered while evaluating the signaling overhead in small cell scenarios.

2. Discussion
2.1. The Problem
For small cell deployment, according to the current specification, the UE can only perform handover form one cell to another. Since the coverage of small cell is much smaller than that of macro cell and there could be a dense deployment of small cells, RRC_CONNECTED mode UE with middle/high mobility may need to perform frequent handovers which may result in higher rate of handover failure and short ToS, and the inter-node UE context transfer and signalling towards the core network will be significantly increased. In the following section, we would like to discuss the solutions of reducing the UE context transfer and the CN signalling.
2.2. Signaling Analysis of Dual Connectivity
In our understanding, the main target of deploying small cells under macro cell coverage is to offload traffic from macro cell to small cells. In order to maintain a relative stable RRC connection for the small cell deployment, dual connectivity is considered as a candidate solution which allows the UE to have one connection (RRC connection) to the macro cell and other connection(s) to the small cell(s). 
Below is a table listing signalling messages between eNBs or between eNB and CN node during X2 handover. 

Table1: Signaling messages towards CN or concerned about UE context transfer during X2 handover
	
	Direction
	Signalling Name

	1
	Source eNB-> Target eNB
	Handover request

	2
	Target eNB-> Source eNB
	Handover request ACK

	3
	Target eNB->MME
	Path switch request

	4
	MME-> Target eNB
	Path switch request ACK

	5
	MME->SGW
	Modify Bearer request

	6
	SGW ->MME
	Modify Bearer response

	7
	Target eNB->Source eNB
	UE context release


For dual connectivity, distributing or aggregating bearers also bring reconfiguration signallings. If S1-U exists between small cell eNB and S-GW, path switch should be performed each time the DRBs of UE change to a new RAN node. Therefore, the decrease of signalling may depend on the selection of the dual connectivity structure. 

Two typical structures for dual connectivity are as follows:
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Figure 1: Two typical dual connectivity structures

· Structure 1: RRC connection is only set up to macro eNB, S1-U is directly set up between S-GW and small cell eNB;

· Structure 2: RRC connection is only set up to macro eNB, S1-U is set up between S-GW and macro eNB and U-plane data are routed by macro eNB to small cell eNB;

For structure 1, the UP path must be switched to the new small cell which accepts the new data sending from the S-GW. But for structure 2, as the S1-U is terminated by macro eNB, the path switch procedure is unnecessary if macro eNB is not changed. Then the signaling (CN signaling) of 3, 4, 5 and 6 in Table 1 will be reduced. Additionally, if the UE has no RRC connection to the small cell, the UE context used for maintaining RRC connection in signaling 1, 2 and 7 in table 1 has no need to be transferred from macro cell to the small cell.
Observation 1: By routing the small cell data through macro eNB, the path switching signaling for establishing the direct S1-U connection to the small cell can be saved.
Observation 2: By using one RRC connection at the macro eNB, the UE context concerning about the Control plane has not need to be transferred to the small cell eNB.
2.3. Analyses under eDDA traffic scenario
The email discussion after RAN2#81 mentioned the evaluation of “Increased signalling load due to frequent handover”, which suggests “the assumption for the eDDA WI can be reused”. This section discusses whether the IM or background traffic used in Rel-11 eDDA needs different strategy for small cell structure, considering the offloading efficiency of small cells [1].

The packets of background traffic often arise due to open applications (or processes that remain resident in the device memory) which require communication on a regular or intermittent basis with peer entities within the network. The traffic is generally low in volume (i.e. it has a low mean data rate) and comprises packets that may be widely dispersed in time. The primary purpose of deploying small cell is to increase the system capacity, if UE needs to transmit high data rate traffic, such traffic could be offloaded to small cells. But different from other traffics like real-time traffic, the background traffic is generally low in volume. So even though the background traffic is time insensitive, offloading the background traffic is less efficient than offloading high-data-rate traffic (like the real-time traffic). 
According to the observation in 36.822 [2], “the optimum RRC Inactivity Timer to minimize the signaling load is a function of the UE mobility rate and the traffic characteristics (e.g. packet inter arrival time)”. This means that for the UE with IM/background traffic, the network could indicate the UE to release RRC connection before handover to save the signaling load (including CN signaling) which may be brought from handover. One main reason for releasing the RRC connection is to reduce the relatively high signaling to data ratio of the IM/Background traffic, especially for the high speed UE. By re-using the same assumption raised in Rel-11 eDDA, applying the dual connectivity structures (as mentioned above) also brings high signaling to data ratio for IM/Background traffic. Then from the perspective of signaling saving, one solution would be to keep the IM/Background traffic at the macro cell layer rather than offloading it to the small cell layer. Therefore it is appropriate for the background traffic to be maintained in macro eNB only, especially for the high speed UE.
Observation 3: From the perspective of traffic offloading, it is not efficient to distribute the IM/background traffic (which has low data volume and/or high signaling to data ratio) to the small cell layer.

Proposal 1: RAN2 is asked to capture the Observations in the TR.
3. Conclusion

In this document, we discussed the benefit of using dual connectivity to save the signalling and whether the eDDA traffic is suitable for evaluating the small cell deployment. Therefore,
Observation 1: By routing the small cell data through macro eNB, the path switching signaling for establishing the direct S1-U connection to the small cell can be saved.
Observation 2: By using one RRC connection at the macro eNB, the UE context concerning about the Control plane has not need to be transferred to the small cell eNB.
Observation 3: From the perspective of traffic offloading, it is not efficient to distribute the IM/background traffic (which has low data volume and/or high signaling to data ratio) to the small cell layer.
Proposal 1: RAN2 is asked to capture the Observations in the TR.
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