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1 Introduction
In RAN#66, a new study item “Study on further enhancements of small Cell high layer aspects for LTE” was approved. The objective of the SI is [1]:

·  Identify and evaluate the potential issues related to the increased signalling load in case of dense small cells deployment and if issues are identified, study potential solutions (RAN3) 

In this contribution, some further consideration on the increased signalling load for dense deployment of small cells is given.
2 Discussion
As analyzed in [2], the increased signalling load in case of dense small cells includes two main parts:
· Non-UE associated Signalling load (e.g., Paging). 
· UE-associated signalling load toward CN due to frequent handovers
In the following, some other increased signalling load is given.
With the dense deployment of small cells, there will be a corresponding increase in the number of small cells in the TA list, which will lead to the amount of paging message increase as well. However, we don’t think the number of small cells in one TA list will be 100 times larger than before in case of 100 small cells deployed in each macro cell. With good network planning, appropriate TA list size could be selected. The number of small cells of TA list should increase to some extent, and at the same time, there will be an increase in the number of TA lists. In this way, the paging message increase will not be that terrible, and UE will experience TAU procedure more frequently than before. Since TAU procedure is S1-interface involved, the signalling load toward CN will also increase with more TAU procedures happened.
Proposal#1: The signalling load increased by frequent TAU procedures should be considered.
By remaining RRC connection on macro cell, Dual Connectivity is considered to be an efficient approach to reduce UE-associated signalling load toward CN. However, when Dual connectivity is applied, macro cell and small cells should be managed simultaneously, and this increases RRC message consumption a lot. This problem was identified at R12 in TR 36.842 by evaluating the number of mobility events for normal handover procedure and Dual Connectivity [3]. 
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Figure 1. Statistics for number of mobility events for HO procedure
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Figure 2 Statistics for number of mobility events for Dual Connectivity

Figure 1 and Figure 2 shows the evaluation results, and we can get the conclusion that RRC messages consumption increases with the increase of the number of picos for both handover procedure and Dual Connectivity. Moreover, comparing the results of handover procedure and Dual Connectivity, it can be seen that the cost of Dual Connectivity is a more than 20% increase in the number of RRC reconfigurations. And the number of events for Dual Connectivity is clearly dominated by events related to small cell configuration (roughly 60-80%). For handover process, the RRC reconfigurations messages come from both macro cells and pico cells, while for Dual Connectivity, all the RRC reconfigurations messages come from macro cells. This leads to heavy RRC message burden on macro cell. Therefore, for dense small cell deployment, reduction of RRC message for Dual Connectivity should also be considered.
Observation 1: Compared with handover procedure, there is a more than 20% increase in the number of RRC reconfigurations messages for Dual Connectivity.

Proposal#2: Signalling reduction for RRC should also be considered.
3 Conclusion

In this paper, some discussion on the increased signalling load for dense deployment of small cells is made. With the considerations above, the following proposal is made:
Proposal#1: The signalling load increased by frequent TAU procedures should be considered
Observation 1: Compared with handover procedure, there is a more than 20% increase in the number of RRC reconfigurations messages for Dual Connectivity.
Proposal#2: Signalling reduction for RRC should also be considered.
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