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1. Introduction
As a result of Mobility Load Balancing R9 work, we have got so far the stage 2 description of the objective and functions of MLB in TS36.300, as well as the corresponding stage 3 procedures specified in TS36.423 (for intra-LTE) and TS36.413(for inter-RAT):

· Intra-LTE load reporting function – enhanced X2-AP Resource Status Reporting procedure with the support for Composite Available Capacity;
· New X2-AP Mobility Parameters Management function for adapting handover and/or reselection configuration -- Mobility Settings Change procedure;
· Inter-RAT load reporting function -- enhanced Direct Information Transfer procedures;
· The existing X2 and S1 handover procedures.
During the RAN3 #68 meeting, the areas of focus have been proposed for R10 Load Balancing 

=>  Enabling reliable LB in UL/DL in intra-LTE scenarios

=>  Improving functionality of the LB in inter-RAT scenarios 

With the projected increase in mobile broadband usage in LTE networks, sudden surges in the capacity demand is becoming a significant issue. Examples of such a demand surge would be the lunch hour in a city/ town centre where the office workers congregate or a crowd pulling event like a music festival or a football match. The load balancing procedures in R10 should be able to handle such capacity surges. This contribution proposes some features to the current load balancing mechanism, which would potentially help the LTE networks to handle capacity demand surges more effectively.
2. Discussion
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Figure 1 Cell loading pattern in a capacity demand surge

In a typical LTE network layout, the potential capacity hotspots will be serviced by micro eNBs and pico eNBs, to handle the normal (average) capacity demand. So when a capacity demand surge occurs, it is likely that more than 1 tier of eNBs would be over loaded or fully loaded. A plausible cell loading scenario in a city centre capacity surge is shown below in Figure 1. It is clear from the diagram that the over-loaded micro eNBs can not off-load some of the cell edge users to their immediate neighbouring eNBs.
In order to find an efficient solution to tackle this issue, we examine the available schemes based on current specifications.

· Load reporting function

The current specifications in R9 [1] allow load reporting only amongst the immediate neighbouring eNBs, for which only the reporting periodicity can be configured. The limitation of the current load reporting function is not sufficient to solve the “sudden surge” issue. 
The straightforward enhancements include:

Proposal 1: the load reporting function to be extended to neighbours’ neighbours.

For the measurement result of the neighbours’ neighbours, a coarse load indication can be used, such as ‘overloaded’, ‘fully loaded’, under loaded’ or ‘unloaded’. 
Proposal 2: the load reporting procedure to be event triggered, rather than periodic.

This allows an eNB to be proactive and search for load balancing options when its own load and/or the load of its immediate neighbours begin to reach pre-defined levels. Such an eNB would issue load reporting requests to its neighbours, to ascertain the loading conditions of its second tier neighbours. 
With this information at hand, an over-loaded eNB is in a better position to request its neighbours to help out, even if the neighbour is fully loaded. The overloaded eNB can achieve this by requesting a fully loaded neighbour to carry out a secondary load balancing request to one of its own neighbours, which was listed as ‘under loaded’ in the last load reporting update.
· Handover procedures

There are several cause values specified in the current specifications which are associated with load balancing. For this proposed type of secondary load balancing request, a specific cause value may be beneficial.
Proposal 3: to consider a specific cause value for the handover request due to a secondary load balancing request.

· Mobility settings change procedures

Self-optimisation of the intra-LTE and inter-RAT mobility parameters can improve the system capacity. However, the handover trigger settings can be negotiated only amongst the immediate neighbouring eNBs based on the current specifications[1],
Proposal 4: the mobility settings change function to be extended to neighbours’ neighbours.

3. Conclusions

In this paper, we discussed the “Sudden Surge” issue and proposed the possible enhancements to the current MLB functions in order to tackle this issue:
Proposal 1: the load reporting function to be extended to neighbours’ neighbours.

Proposal 2: the load reporting procedure to be event triggered, rather than periodic.

Proposal 3: to consider a specific cause value for the handover request due to a secondary load balancing request.

Proposal 4: the mobility settings change function to be extended to neighbours’ neighbours.
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