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1. Introduction
From RAN2#84 to RAN2#86 meeting, several contributions regarding to load balance enhancements for both IDLE mode and CONNECTED mode [1]-[6] were submitted. Among these contributions, [1] and [2] were presented and discussed, and several companies showed great interests during the discussion to further investigate the problem and try to identify according solutions. However, due to time limitations, RAN2 may not investigate the problem carefully and thoroughly for load balance enhancements for both IDLE mode and CONNECTED mode in Release 12.
In this paper and corresponding SID in [7], we propose to consider the study item on load balance enhancements for Release 13.

2. Discussion
As the wireless market rapidly entering the new age of smart phones and devices, the traffic of a variety of applications over the wireless network has been increased explosively and traffic overload is being observed even in recently deployed LTE carriers. Employing multiple carriers is one of the common solutions to address the overload issue especially at the hotspots. It requires a balanced load among the multiple carriers and different cells, which should consider a variety of deployment scenarios to achieve optimal utilization of the available spectrum resources. Especially, when non-contagious spectrum with multi-carriers of different bandwidth is involved, different areas may be covered by different number of carriers of different bands. It is more important to have balanced load among different carriers and cells to allow most efficient utilization of the available spectrum resource.
As analysed in [1], there are limitations of existing cell reselection mechanism specified in [8] and [9] for IDLE UE distribution across multi-carriers for load balance, including the limitation of reselection mechanism with broadcast/dedicated priorities and reselection measurement threshold adjustment, which are summarized below:
· For the reselection mechanism with broadcast priorities, most idle UEs of all the carriers with lower priorities will try to reselect to the cell of a carrier with the highest priority and priority adjustment may cause the swings of the loading surge among the carriers. And also the priority adjustment of carriers should not be so easy since there might be multiple neighboring cells which have the same carrier frequency but with different load.

· For the reselection mechanism with dedicated priorities, since dedicated priorities can only be assigned at the time of a UE goes idle, for a moving idle UE, the assigned dedicated priorities cannot address the issue that traffic load changes over time and location, e.g. f1 is loaded heavily in cell 1 but loaded lightly in cell 2; more dynamic dedicated priorities’ updating mechanism may lead to unacceptable signaling overhead, i.e. the signaling for paging and connection setup/release are required.

· For the mechanism with reselection measurement threshold adjustment, the adjustment will lead to changing of the cell’s coverage size which needs to meet the coverage requirement and analyse the interference impact; due to the uneven distribution of the UEs over different geographic areas, it is actually difficult to use the reselection threshold to balance the loading.

[2] and [3] further confirm the problem mentioned in [1]. Cell-specific prioritization at reselection and hash algorithm based idle UE distribution are proposed in [2] and [3], respectively, trying to solve the problem in different ways.
In [4], further discussion about the additional needs of IDLE UE redistribution for various scenarios in the heterogeneous networks is provided. In general, different small cells of the same or different carriers may have different load condition, as a result they may have different load balance requirement relative to the macro cell carriers and other small cell carriers, which cannot be solved by existing load balance mechanism. Accordingly, additional efforts need to be made to address the new issues in HetNet scenarios.
In [5], one potential issue to be enhanced is analysed for CONNECTED UE load balance. RSRQ is typically used as a measurement quantity for inter-frequency handover. While RSRQ is a sufficient metric for mobility oriented handover to learn the poor service quality on the serving cell, it may not always result in achieving the high throughput for the load balancing purpose. It is proposed RS-SINR reporting together with RSRQ can be a potential solution to address this issue.
As we could see from the discussion history of load balance enhancements, it is quite necessary to further study the load balance enhancements for both IDLE mode and CONNECTED mode, to solve at least the following issues:

· The broadcast priorities for IDLE mode load balance may cause the swings of the loading surge among the carriers and heavy signalling overhead.

· The assigned dedicated priorities for IDLE UE cannot address the dynamically changed traffic load over time and location.
· In the heterogeneous network deployment, the uneven load status of small cells in the same carrier and macro cells in the different carrier may cause ping-pong offloading or lack offloading.
· In the CONNECTED mode, using RSRQ as the metric may not be sufficient to achieve the high throughput for the load balancing purpose.
3. Conclusions and Proposal

It is proposed to discuss the new study item proposal in [7] “New SI proposal: Load Balance Enhancements” for Release 13.
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