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1. Introduction
Employing multiple carriers is one of the common solutions to address network load especially at the hotspots. It requires a balanced load among the multiple carriers to ensure proper utilisation of the spectrum. Load balancing across multiple carriers should consider a variety of deployment scenarios arising due to different capacities, different UE capabilities, different deployment scenarios such as eMBMS, HetNets and the different numbers of the carriers available in a given area. Balanced load among the carriers allows optimal utilization of the available spectrum resources. 
2. Discussion

When multi-carriers are deployed, different areas may be covered by different number of carriers of different bands, bandwidths and different cell sizes. It is more important to have balanced load among the carriers to allow most efficient utilization of the available spectrum resource. For example, as shown in figure 1, it is a common scenario that UE density is different at different areas and multiple carriers could be deployed in areas with high mobile density. While in most areas with normal user density, fewer carriers will be employed. Operators may also deploy pico cells on the same or different carriers at hot spots within the coverage of a macro cell as shown in Figure 2. When UEs move from the normal area into the hotspots with more carriers, it is beneficial to split the UE traffic and have balanced load among the carriers. 

[image: image1.emf]f1, f2

f1

High density areas covered 

by both f1, f2

Normal user density area 

covered globally by f1 only

f1

f2

f1

When the flow of idle UEs move into dense 

areas, they will be steadily split between f1 and 

f2. The operator should be able to control the 

percentage of the UEs spliting between f1 and f2.


Figure 1: An example of more carriers being deployed at the high density areas
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Figure 2: An example of macro and small cell coverage scenarios in HetNets.

Load balancing of Idle mode users provide many benefits. Typically, the active load on a cell reflects the number of Idle users camped on the cell. The number of Idle users has a direct relationship with the initial access load on the cell. It can impact load on the RACH and burstiness of access load. These can then cause other performance impacts due to increased RRC connection Rejects and Access class barring. Furthermore, unbalanced Idle distribution of users will subsequently cause unbalanced Active load from connected users leading to bad spectrum utilisation. To overcome this, network will need to perform Handovers leading to increasing signalling load and potential call drop. This is made it worse due to inter-eNB handovers required for HetNet and small cell deployments. Better Idle mode load balancing and pro-active re-distribution of Idle users in cell that is overloaded can be used to avoid these issues.  

Solutions for Idle load balancing should allow network to achieve for Idle mode load (re-distribution) in different potential deployment scenarios.  In particular, the solution should support at least the following requirements:
1) It should be possible under network control to re-distribute among the different carries a fraction of users currently camped on these carriers

2) It should be possible under network control to distribute among the different carries a fraction of users moving into the cells from other cells

3) Different deployment scenarios should be supported – macro only networks, co-channel and inter-frequency small cell deployments

4) It should be possible to achieve load distribution at an individual cell level (for example the scenario that the macro cell in a co-channel HetNet deployment and/or certain small cells on another carrier may be overloaded) 

5) Solutions should cater for different (re)distribution decisions in the network that take into consideration other factors:

a) eMBMS deployments on macro or small cell layer

b) Number of devices supporting a certain capability – such as legacy UEs may only support some bands while newer devices may support more bands
c) Bandwidth of the different carriers may be different

6) The solution should avoid a user ping-pong among carriers

3. Summary and proposal

This document discussed the motivation for load balancing and re-distribution of Idle users among the different carriers in a region.  

Proposal: The solution should support at least the following requirements:

1) It should be possible under network control to re-distribute among the different carries a fraction of users currently camped on these carriers

2) It should be possible under network control to distribute among the different carries a fraction of users moving into the cells from other cells

3) Different deployment scenarios should be supported – macro only networks, co-channel and inter-frequency small cell deployments

4) It should be possible to achieve load distribution at an individual cell level (for example the scenario that the macro cell in a co-channel HetNet deployment and/or certain small cells on another carrier may be overloaded) 

5) Solutions should cater for different (re)distribution decisions in the network that take into consideration other factors:

a) eMBMS deployments on macro or small cell layer

b) Number of devices supporting a certain capability – such as legacy UEs may only support some bands while newer devices may support more bands

c) Bandwidth of the different carriers may be different

6) The solution should avoid a user ping-pong among carriers 
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