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Example 1

Although resource 

status information

indicates 100% total 

PRB usage, cell could 

dedicate 30% PRBs for 

load balancing since 

e.g. non-GBR users' 

data rates could be 

reduced
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

missed opportunity for load balancing

Although resource 

status information

indicates 70% total 

PRB usage, cell 

cannot accomodate 

more load due to 

specific reasons



unsuccessful load balancing attempts
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1 Introduction and Abstract

In [1] load balancing has been included as a SON use case for the Rel. 9 work item on SON. This document discusses the information required from neighbour cells for efficient and successful load balancing, reviews the available measurements and information in Rel. 8, and proposes a way forward to remove the existing gap.

2 Discussion
Any load balancing algorithm needs to decide which UEs shall be handovered to which other cell. To select an appropriate target cell, it requires information on the capability and capacity of other cells to accept additional users for load balancing reasons. Although some related information can be extracted from Rel. 8 X2 resource status update procedure, it will not be sufficient for such a decision, as will be explained in the following.
2.1 Deficiencies of related existing information according to Rel. 8 
Resource status reporting over X2 for Rel. 8 is based on eNB load measurements. This means that an overloaded eNB can obtain information of other cells about 
· the current radio resource usage (UL / DL GBR PRB usage, UL/DL non-GBR PRB usage, UL/DL total PRB usage),

· the current HW load indicator (UL/DL HW load: low, mid, high, overload),

· the current TNL load indicator (UL/DL TNL load: low, mid, high, overload).

However, although there's some relation, this is not exactly the information required for load balancing. For load balancing, an overloaded cell would be interested in knowing the available resources for load balancing purposes in neighboring cells. There are multiple reasons why this is not identical to resource status reporting.

It is not possible to conclude from radio resource usage to available resources for load balancing. Especially for non-GBR users there might be possibilities to reduce the resources allocated without compromising their satisfaction. As an example consider that only one non-GBR user (say doing a file download) is in the cell. A scheduler might assign all available resources to this user allowing him for extremely fast download, and that cell would report a resource usage of 100%. The overloaded cell would thus based on the existing signaling conclude that this cell cannot take over load, although in principle by simply reducing the data rate of the non-GBR user load balancing would have been possible. This problem has been addressed in [2] and the missed opportunity for load balancing is visualized also in example 1 of Figure 1.

On the other hand there might be the case that although the current resource usage is indicating, e.g. 30% of unused resources, that those are not available for load balancing due to other reasons, such as implementation-specific or cell-specific reasons (e.g. reservation of PRBs as security margin due to high traffic variance, high new call rate, etc.). In that case the overloaded cell would initiate HO requests with cause load balancing, but be refused. This will result in delayed overload resolution and unnecessary signaling load.
Furthermore resource status reporting provides only separate indications for radio, HW and TNL load. There is no straight way forward to combine this information into a final figure giving the available resources for load balancing purposes.

  
Figure 1: Examples why load status reporting is suboptimal for load balancing purposed

2.2 Proposed improvement of X2 signalling 

As shown in the examples above, the available information on resource usage is not providing sufficient information for efficient load balancing, resulting in poor load balancing performance due to missed opportunities, as well as delay and overhead on X2 due to unsuccessful load balancing attempts.

In order to allow efficient load balancing it is therefore proposed to enable X2 signalling of a composite measure indicating the available PRBs for load balancing purposes: this measure should include the best estimate of the eNB including all implementation-specific considerations. 
3 Summary and Proposal

Existing information on resource usage is considered not sufficient for efficient load balancing. It is therefore proposed to work towards X2 signaling of a composite measure indicating the available PRBs for load balancing purposes.
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