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1 Introduction
Signalling 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 contributing to increase of signalling in network deployment with small cells:
· increase in frequency of handovers;
· strong dependency of optimal Connected-to-Idle timers selection on UE mobility and traffic patterns;
· increase in Core Network signalling that accompanies the increase in data traffic ;
A proposal by multiple companies in RAN2#81 to anchor UE context in an eNB other than serving eNB is also particularly fit to address the factors contributing to increase in signalling towards the Core Network.
2 Discussion
2.1 Handover Signalling
Traffic with low inter-packet arrival times (e.g. video conferencing, gaming), require UE to remain in RRC-CONNECTED mode for the entire call session. For such traffic, signalling increase arises almost exclusively from handovers to from and between small cells. Set 3 of mobility parameters in the HetNet technical report [1] was used to generate 30 km/h handover traces for 10 pico/macro deployments corresponding to Small Cell Scenarios 1 and 3. Simulation assumptions are as detailed in sections 5.2 – 5.4 of the HetNet technical report [1]. Table 1 illustrates the increase of such handover signalling for the simulated UE traces:
Table 1: Handover signalling

	Deployment
	Handovers / minute

	Macro-Only
	11.2

	SC Scenario 1: Macro + 10 Picos (co-channel)
	27.6

	SC Scenario 3: 10 Picos
 (single channel)
	25.8


It can be seen that small cells experience ~ 130 – 146% increase in amount of handovers, where each handover involves a Path Switch S1 signalling message to the MME.
Observation 1: When small cells are deployed, Core Network signalling impact increases for UEs in connected mode.
2.2 Background Traffic
For certain kinds of bursty traffic (e.g. background signalling, skype IM), it is possible to alternate UE RRC state between RRC-CONNECTED and RRC-IDLE. Such a strategy helps achieve a tradeoff between handover signalling and connection setup/teardown signalling. 
The tradeoff can, for instance, be illustrated by Figure 1 for eDDA trace ID-17 [4] “background (single-app: skype)”. Figure 1 illustrates the relative (to data) impact of signalling data as a function of handover rate, for various choices of Connected-to-Idle timers. Signalling is measured in terms of OTA bytes, translating
 to a   1.4 : 1 pricing ratio for (Connection Setup/Release) : (Handover) signalling impact on MME.
[image: image1.emf]
Figure 1 (aka Figure 5.3.3-2 in [1]): Signalling load to data bytes for background trace ID-17
It is clear from Figure 1 that the proper choice of Connected-to-Idle timer is dependent on the UE mobility pattern. For instance, for trace ID-17 a timer of infinity is appropriate for up 1 handover/minute, whereas 10 handovers/minute call for a timer as low as 1 second.
By a simple scaling argument (e.g. consider Figure 1 where packet arrival times were twice slower than in trace ID-17) it can further be seen that such choice is also dependent on the particular traffic pattern.
Observation 2: Reducing Rel-11 Core Network signalling requires careful selection of Connected-To-Idle dormancy timer dependent on knowledge of traffic and mobility patterns for each UE.

With increasing mobile data applications and terminal usability, UE traffic becomes heterogeneous, making optimal Connected-To-Idle timer choice time-dependent.
2.3 Traffic/Signalling Increase 

For scenarios where “a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes” [5], an increase in traffic will lead to a corresponding increase of Core Network signalling. This will be due to the increased capacity being able to accommodate both longer call sessions and well as more call sessions, both of which impact Core Network signalling.
Observation 3: Core Network signalling will scale with the traffic supported by deployment of small cells.
2.4 Reducing Core Network Signalling Impact
Studies to reduce Core Network signalling in Rel-11 focused on adaptation of Connected-To-Idle timers, but did not address whether it is practical to adapt the timers and how much gains can realistically be obtained.. Rel-11 studies also did not address the signalling increase due to expected scale-up in traffic and number of cell changes when small cells are deployed.
A number of submissions in RAN2#81 (see, for instance [6], [7], [8]) considered the possibility of anchoring UE context in a different eNB than the serving eNB. 
 If such anchoring can be used to preserve UE context in the RAN, the MME can be shielded from signalling needed in Rel-11 to move the UE context between Core Network and eNB (i.e. Connection Setup/Release) or between eNBs (i.e. Handovers).
Such anchoring can be studied in the context of CA, non-CA and pre-Rel-12 UEs.

Proposal 1: Enabling UE anchoring context in an eNB other than serving eNB should be considered for mitigating signalling towards the Core Network, arising in small cell deployments for CA, non-CA and pre-Rel-12 UEs.
3 Conclusion
Observation 1: When small cells are deployed, Core network signalling impact increases for UEs in connected mode.

Observation 2: Reducing Rel-11 Core Network signalling requires careful selection of Connected-To-Idle dormancy timer dependent on knowledge of traffic and mobility patterns for each UE.

Observation 3: Core Network signalling will scale with the traffic supported by deployment of small cells.

Proposal 1: Enabling UE anchoring context in an eNB other than serving eNB should be considered for mitigating signalling towards the Core Network, arising in small cell deployments for CA, non-CA and pre-Rel-12 UEs.
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� Scenario 3 was emulated by removing the macro from scenario 1


� From � REF _Ref352743658 \r \h ��[1]�, Connection Setup/Release uses OTA bytes = 120 + 66 = 186 OTA bytes, whereas Handover uses 30 + 100 = 134 OTA bytes.






