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1. Introduction
The intention of this contribution is to discuss the motivation of the proposed Study Item on UE distribution in IDLE mode for LTE.
2. Background
With the wide deployment of LTE and the development of advanced features, some new challenges are raising for the distribution of IDLE mode UEs. 
As LTE is deployed in larger scale, it is expected that there will be more and more LTE UEs and more and more LTE traffic. Load balancing for connected mode UEs can be achieved via several mechanisms, such as load information exchange, dual connectivity, carrier aggregation, handover, redirection and so on.  However, existing cell reselection mechanisms may cause all idle mode UEs to concentrate on the cells with higher carrier frequency priority, which may defeat the connected mode load balancing strategies and then potentially cause overload issues.

In LTE networks, different cell types (e.g. small cell, pico cell, macro cell) can co-exist and realize quite heterogeneous networks. In scenarios with different cell types, it would be risky to distribute the UEs blindly to small cell carriers since they might have very different load situations. Additionally this might cause unnecessary UE power consumption for cell searching, since small cells have smaller coverage. On the other hand, it is also expected that small cells or pico cells can be utilized as much as possible. But according to the existing cell reselection mechanisms, it is difficult to balance the requirements of prioritizing small/pico cells on one hand and keep control of small/pico cells utilization on the other hand.
It is then suggested to initiate a Study Item on UE distribution in IDLE mode, to identify the required enhancements for distribution of IDLE mode UEs and evaluate potential solutions and gains.
3. Potential scenarios for the study
Some potential scenarios requiring IDLE mode UEs distribution enhancements are provided in the following for information. More scenarios can be discussed and evaluated in the SI.

1.1 Balanced idle UE distribution for Homogeneous Network

According to the existing cell reselection mechanism, all idle mode UEs will try to camp on the cells with higher carrier frequency priority. In Figure 1, assuming the purple frequency has the highest reselection priority, then all idle mode UEs -  including UEs which are already under the coverage area and UEs which are entering the coverage area - will try to camp on the purple frequency. This might cause potential access problems or extra signalling overhead due to subsequent connection reject or handover procedures to guide UEs to other cells. Enhancements to achieve a more balanced idle UE distribution should be considered. 
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Figure 1: Unbalanced idle mode UE distribution among carriers.
1.2 Load Balancing enhancements for HetNet
In current networks, the absolute priority for a specific frequency can be configured for the purpose of load balancing and be sent to the UEs by both system information and dedicated signalling. However, in some HetNet scenarios, the absolute priority cannot fulfill the requirement of load balancing. One example is provided in Figure 2:
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Figure 2: Example of the need for load balancing enhancements for HetNet.
In the figure above, CELL B and CELL C are two small cells deployed on the same frequency (i.e. F2) and in the coverage of macro cell CELL A. CELL D is a small cell in coverage of a macro cell CELL E with the same frequency. UE A, UE B and UE C are in the coverage of CELL B, C and D respectively. In case the load for both CELL B and C is low, the network may configure a higher absolute priority for F2 than F1, and force UE A and B to camp in CELL B and C respectively, to reduce the load of the macro cell. However, in case where CELL B is overloaded while the load of CELL C is still low, UE A may be expected to camp on CELL A, while UE B is still expected to camp on CELL C. Regarding UE C, considering that CELL D and CELL E are on the same frequency, the frequency level absolute priority cannot be used to achieve load balancing in this case.
4. Summary

This document explains the motivation of the proposed Study Item on the UE distribution in IDLE mode.

In the study item, the following aspects could be studied:
Load Balancing Enhancements for homogeneous networks and HetNet
· Identify scenarios for load balancing enhancements
· Evaluate solutions and gains for load balancing enhancements
· Study the impact on procedures and signalling.
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