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1 Introduction

Many recent forecasts project mobile data traffic to grow beyond 500 times in next 10 years [1]. Thus, the capacity of future systems needs to be increased significantly so that they can support such an order of magnitude of growth in traffic volume. The massive small cell deployment is a forecasted to overcome the upcoming network capacity challenge:
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Fig. 1: Massive small cell deployment forecast (Source: Huawei Simulation)

The current network architecture is facing some potential issues due to the increasing number of small cells.
2 Discussion
2.1 Issue 1:  Increasing signalling load due to frequent handover
The number of handover is increased as the number of small cells is increased. As shown in the Table 1, for Scenario #3 (10 small cells without macro coverage), the number of mobility events is about 4 times higher than that of a macro only network.
Table 1: Statistics for number of Mobility events per UE per minutes in Scenario #3
	Deployment
	HOs / min, 30 km/h
	HOs / min, 3 km/h

	Macro-Only
	3.5
	1.0

	Scenario #3: 10 small cells/Macro site (single channel)
	14.5
	4.3


In case that much denser small cells deployment (more than 10 small cells per macro cell),the amount of signaling to core network due to mobility is much more huge that makes the core network too overload.

The split bearer option in Dual Connectivity is a solution to reduce the signalling overhead to the core network; however, there are some limitations on application of the dual connectivity, e.g.

· The Dual Connectivity cannot be applied to the legacy UE, e.g. single Rx/Tx UE;
· The Dual Connectivity cannot be applied the Scenario 3 as defined in the TR 36.842 [1] in which there is not Marco coverage. Currently, the RRC message can only be sent via the MeNB. Without Macro coverage, there is no any benefit to deploy dual connectivity from mobility robustness and signalling load reduction point of view.

The mobility anchor as mentioned in TR 36.842 [2] could be one of potential solutions to reduce signalling load towards core network by hiding subsequent mobility. However, the impact on the current network architecture needs to be studied.
2.2 Issue 2: Huge number of non-UE associated S1 signalling/connections management

In the dense small cell deployment scenarios, the MME may connect to hundreds of thousands of small cell, the MME could not have such capacity to manage so many S1 connections especially for the non-UE associated signaling, e.g. paging and warning messages. In case of femeto, the HeNB GW with aggregation of Non-UE associated signalling between HeNB and MME is defined as shown in the Fig.2. However, whether or not additional functionalities in denser small cell deployment are needed should be studied. 
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Fig. 2: Non-UE associated signalling for small cells
Additionally, with increasing number of small cells, the MME needs to maintain a lot of eNB contexts and SCTP associations, and manage the related S1 interfaces. The HeNB GW like entity may also be deployed to solve the issue; however, whether or not additional functionalities than HeNB GW in denser small cell deployment are needed should be studied. 

2.3 Issue 3: Mobility Performance
In the dense small cell deployment, the UE may experience more frequent handover due to the number and radius of small cell.  And the interference between small cells is increased in case dense deployment, which is harmful for mobility robustness. The UEs on small cell layer move across cell boundary more frequently, which shall cause high possibility of handover failures as indicated in Fig.3 [2]. When the small cells become denser, the handover failures become much higher, e.g., for 30km/h scenario, handover failure rate is 2 times in 20 cells case than in 10 cells case. And the failures rate is much higher if there is no macro coverage. 
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Fig. 3: Handover failure rate without DRX (Figure 5.2.1-1 in TR 36.842)
3 Proposal

We propose to set up a new Study Item on evaluation of the network architecture for dense small cell deployment in Release 13. Since the dual connectivity is the valuable solution in some important scenarios, we still believe that the dual connectivity is prioritized. Thus the new SI can only be started after the finalization of the dual connectivity WI. And the new SI should be separate from the WI proposed in [3] and [4] which only focuses on the continuity of the remaining features for dual connectivity which was de-prioritized in Release 12.
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