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1 Introduction
Signaling towards the Core Network was identified as a study topic for Small Cells [1], as reconfirmed then 81#32 e-mail discussion [2].

In this contribution, we explore factors that can contribute to increase of signaling in network deployment with small cells:

· increase in frequency of handovers;

· increase in Core Network signaling that accompanies the expected increase in data traffic ;

· signaling from connection setup and teardown

In the absence of mechanisms to shield the Core Network, similar signaling increase is expected in all deployment scenarios.

2 S1 Signaling
2.1 … for a connected mode session
RAN2#81bis observed that, for any given UE, core network signaling from dual connectivity UEs can be saved by anchoring S1 signaling in the macro cell [6].
For scenario 2, such S1 signaling gains were estimated to be “of order of a factor 3-4 higher” times compared to the case without anchoring.

From Table 1, it can be seen that a signalling increase factor of 3-4 is also observed for Set 1 of mobility parameters for 10 picos/macro in scenarios 1 and 3.
Table 1: Handovers for Set 1 of Het Net mobility parameters
	Deployment
	HOs / min, 30 km/h
	HOs / min, 3 km/h

	Macro-Only
	3.5
	1.0

	SC Scenario 1: 10 Picos/Macro (co-channel)
	13.0
	3.6

	SC Scenario 3: 10 Picos/Macro site
 (single channel)
	14.5
	4.3


For the evaluated handover policies, it can be concluded that:

Observation 1: Deploying 10 picos/macro results in a factor of 3-4 increase in number of handovers, in all scenarios, for any one given connected mode session.
2.2 … across all traffic

Estimates of mobile traffic trends find a between a three-fold [7] and six-fold [8] increase in traffic between 2012 and 2015. Cell splitting afforded by Small Cells position such deployments as solution to handle such traffic increase.

Such mobile trends are expected to be triggered by an increase in significant portion this increase would arise from more simultaneous connected-mode sessions, as suggested by an expected 16-fold increase in the number of 4G Connections between 2012 and 2017 [9]. In the absence of a mechanism to shield the CN from S1 signaling, each such session will contribute to S1 handover signaling.
Observation 2: Increase in cell changes arise not only from a connected mode session traversing more cells, but also from an increased number of connected-mode sessions. This affects all deployment scenarios equally.
Furthermore, it is good design practice to decouple scaling of user plane and control plane. This makes it possible to deploy small cells, while mitigating increases on S1-MME load.
2.3 … for both Handovers and Connectip Setup/Teardown

To account for the impact of S1 messages for Connection Setup and Teardown, we generated two traffic smartphone traces: browsing
 and background traffic
.
The packet arrival times along with 3km/h HetNet Set 1 mobility traces for 10 picos/macro [3] (Scenario 1) were fed to a RRC inactivity timer simulator implementing “Network Initiated RRC Release based on mobility” [4].
For the computation of total signaling load, we assign a weight of 3 to connection setup instance and a weight of 1 to each handover instance (by a simple message-counting
 argument [6]).
In these simulations, it can be seen that S1 signaling impact on scenario 1 is still about two-fold. Similar results hold for scenario 3.
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Figure 1: Signaling load, 3 km/h for browsing and background traffic
Observation 3: After accounting for connection setup and teardown in addition to handovers, browsing and background traffic still observe a two-fold increase in S1-MME signaling.
3 Conclusion
Since similar per connection S1 signaling increase is expected in all scenarios 1, 2, 3 and since S1 signaling increases from mobile traffic trends impact all scenarios equally, it is proposed:
Proposal 1: A mechanism to shield CN from cell change traffic should be considered for all three small cells deployment scenarios.
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� Scenario 3 was emulated by removing the macro from scenario 1


� Browsing was performed by reading multiple articles from the site of the US newspaper New York TimesTM.


� Smartphone Background traffic was generated by leaving a smartphone untouched for 12 hours.


� In reality, the weights are highly dependent on particular MME internal implementation architectures.






