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1. Introduction
In the R12 SON SID, one of the objective is “identify SON enhancements and new features needed for the interworking between existing features and user type differentiation based on of UE configuration UE capability UE characteristic or location (considering SA5 work)”[1].  In R11 SON WI, the MRO use case was enhanced taking into account the UE class, allowing the network mobility optimisation by making adjustment of handover trigger based on different user type. In R12, for MLB use case, similar enhancement could be studied to achieve better performance of load balancing.

This contribution discusses the impact of UE type and UE location on MLB, and whether it is beneficial to enhance the load balancing by taking into account UE type, e.g. UE speed, UE CRE capability, or location.

2. Discussion
2.1. UE type
With cell load statistics based on UE speed, e.g. counting PRB usage of low/medium/high speed UEs separately, the eNB can know the cell load distribution on low/medium/high speed users. In case the load is contributed by high speed users in majority, and even the total load exceeds the configured threshold, the eNB may not need to trigger off-loading action, because the load would drop when high speed users move off and no more users move in. If high speed users move in and out continuously leading to the load sustaining at high level, the MLB is not adequate in this scenario while changing deployment might be the most appropriate action.

On the other hand, if the load is mainly contributed by low and medium speed users, and total load reaches the threshold, the eNB may decide to take actions to offload the cell(s), otherwise congestion would happen. It can be observed that load analysis based on UE speed is beneficial to enhance the load balancing actions in eNB.
Furthermore, in Hetnet scenario, if cell load statistics differentiates the load of CRE UEs from that of non-CRE UEs, the eNB may make change of different parameters correspondingly.  For example, in case the majority of cell load is contributed by CRE UEs, the eNB can off-load some traffics/UEs to overlapping pico cells by setting bigger bias for these cells. While in case the majority of cell load by non-CRE UEs, the eNB cannot increase bias, because non-CRE UEs can’t perform measurement on ABS sub-frames within the extension range of the pico cell. If non-CRE UEs are handed over to extension range of picos, they would likely encounter high interference leading to deteriorated QoS, and even RLF.
Observation 1: It is beneficial to differentiate load statistics based on UE type, i.e. CRE/non-CRE, high/low speed, for MLB.
For load statistics based on UE speed, in our understanding, the rough estimation of UE speed is adequate for MLB function, i.e. whether the UE is moving in high or low speed, without the necessity to get the accurate UE speed, e.g. 10km/h. This may simplify the UE speed estimation and leave more flexibility to the implementation.  
Observation 2: For enhancement of MLB considering UE speed, the rough estimation of UE speed is preferred.
2.2. UE location

To achieve offloading purpose, the MLB function can make adjustment of handover trigger leading to change of cell border. As such, in non-overlapping scenario only the UEs located near the cell border could be transferred off by MLB, meanwhile the UEs at the cell center area are not influenced. It means the location distribution of load can significantly affect the outcome of load balancing.

 It can be analyzed the impact on MLB of load location by the following examples.
Case a) In non-overlapping network deployment, the majority of load in the concerned cell (in green color) is located near the border area (as illustrated in the below figure 1). The concerned cell communicates with the neighbouring cell (in light blue color) for offloading, and if the neighbouring cell accepts, the concerned cell decides to adjust the intra-layer handover trigger, i.e. changing the border between the two intra-layer cells to transfer the load to the target cell.
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Figure 1.  Off-loading to intra-layer neighbour cells
Case b) In Hetnet deployment, the majority of load in the concerned cell is located at the center area (as illustrated in the below figure 2). In this case it cannot achieve offloading purpose from current cell by adjusting the intra-layer handover trigger. However, due to some hotspot cells available near the high load area, the concerned cell may determine to adjust the inter-layer handover trigger, i.e. the bias for the around picos, to offload to the target hotspot cells. 

[image: image2.emf]
Figure 2. Off-loading to inter-layer hotspot cells

Case c) In non-overlapping network deployment, the majority of load in the concerned cell is at the center area (as illustrated in the below figure 3). In this case, adjustment of the intra-layer handover trigger is not helpful, nor inter-layer hotspot cells are available. MLB may not be applicable to this case, but instead other optimisation could be applied to reduce the cell load, e.g. conducting cell-splitting via AAS, if available.
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Figure 3. Load balancing via cell partitioning
From the above cases, it can be observed that the information of load distribution on location can help the nodes to take appropriate optimisation action to achieve load balancing purpose in different scenarios.

Observation 3:  It is helpful for network nodes to acquire knowledge of load distribution on UE location, to determine the consequent actions for load balancing.
3. Conclusion and proposal
In above section, it is investigated that the potential benefit for MLB function taking into account UE type, including UE speed, CRE capability and location, and get the following conclusion. 

Observation 1: It is beneficial to differentiate load statistics based on UE type, i.e. CRE/non-CRE, high/low speed.
Observation 2: For enhancement of MLB considering UE speed, the rough estimation of UE speed is preferred
Observation 3: It is helpful for network nodes to acquire knowledge of load distribution on location, to determine the consequent actions for load balancing.

Proposal: It’s proposed that RAN3 to further investigate enhancement on MLB considering the above  analysis. 
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