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1 Introduction

Mobility Load Balancing (MLB) has been addressed in R9 and is basically completed [1]. For R10 though RAN3 is expected to still check if any enhancements to the load/capacity information is needed. 
This contribution discusses some additional parameter(s) to potentially monitor and exchange between primarily overlaid LTE cells. They would then be used by an algorithm to enhance load distribution between such overlaid cells to improve capacity. 
2 Discussion
Multiple LTE bands and carriers within a band can exist resulting in overlaid carrier deployments. RAN3 has enabled exchanging loads between eNBs for the purpose of MLB in R9 [2]. A limitation with exchanging the total (and GBR, non-GBR) UL/DL PRB usage of a cell in the Radio Resource Status IE and balancing therefrom is the possibility of reduced cell capacity due to not taking into account cell-edge UE (CEU) load imbalance between carriers. CEUs require greater tx power and they are often power limited internally or limited to avoid interference to neighbours. This means more resource block usage and limitation in terms of data throughput (e.g. rank and MCS) they can achieve due to low C/I resulting in less spectral efficiency.  Using a frequency reuse of one for CEUs can result in interfering signal powers near their own intended signal power. 
To avoid this various interference management schemes, e.g. Inter-cell interference coordination (ICIC), use a reuse of one only for cell-center UEs (CCU). Meanwhile, the CEUs generating highest potential interference are assigned separate frequencies from a neighbour CEU. CEU imbalance among overlaid cells will then reduce the frequency space available for the CEU in the adjacent cells to those with the higher unbalanced CEU load assuming fractional frequency reuse (FFR). If neighbour cells on the same carrier also are serving the larger portion of an unbalanced CEU load, then max capacity is reached on that carrier even though overall overlaid system capacity remains.
As an example, Figure 1 assumes two overlaid carriers (A and B) needing 80% PRB usage, with carrier B having allocated 43% CEU load (37% CCU load) on two adjacent carrier B cells. Meanwhile carrier A is mobility balanced with carrier B w.r.t needing 80% total PRB usage, but its eNBs need to allocate 55% CEU load (25% CCU). Thus carrier A is overloaded w.r.t. CEU load (5% of needed cell PRB usage cannot be allocated) given CEUs do not permit a frequency reuse of one.
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Classification of eNB load into CEU/CCU can also be beneficial in inter-RAT MLB procedures for similar reasons, namely the FFR preferred by CEUs. So a proposed capacity enhancement to consider as a SON R10 WI is distinguishing the number (or fraction) of CEU from CCU (or similar metric such as near/mid/far) to enhance Mobility Load Balancing, particularly via exchange between overlaid cells. This should be viewed in connection with the existing RESOURCE STATUS UPDATE as well as LOAD INFORMATION messages (interference indications) already exchanged. Further investigation of the interaction between MLB and its impact on FFR and interference coordination might also be done in R10.
To achieve load balancing based on such a classification, it is important to define how to classify CEU versus CCU. One potential metric to exchange between cells in order to enable such a classification might be to use p-a [3] (expressed as a UE percentage) used for downlink power allocation [4]: 
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The largest p-a  assigned by RRC to UEs in the PDSCH-Config IE of the RRCConnectionReconfiguration message would be expected to correspond to the p-a assigned to CEUs. The fraction of such UEs provides a good metric of the percentage of CEUs in a cell. So in addition to exchanging the number of UEs per p-a value, exchanging the total number of RRC connected UEs in a cell would then provide the percentage of CEUs. Alternately the reporting eNB could report its total RRC connected load in terms of the percentage of the eight defined p-a values, or the percentage making up GBR/non-GBR PRB load.
CEU balance across the overlaid cells could be achieved  using the normal handover procedure from neighbours by the neighbours having knowledge of the CEU load by exchanging the proposed enhancement parameters to the Resource Status Reporting procedure. CCU balancing might be done via UE assisted measurement procedures or blindly by knowing the cell overlay geometry or learning it. 
Another metric for consideration to complement balancing cell edge users might be to exchange the cell noise rise (RoT). While the MLB goal for overlaid carrier cells planned for broad coverage might be to equally balance the carrier loads for both the cell edge and cell center users, for alternate “hot spot” deployment scenarios the density and coverage of overlaid cells may be significantly less than the “common” carrier(s). That is a few overlaid cells exist in a hotspot area to provide additional capacity, but the overall hotspot carrier coverage is “spotty”. In such a deployment “hot spot” cells may in fact be capable of a much greater number of cell edge users than a typical common carrier given they experience less interference due to there being less neighbouring cells. In this case the exchange of RoT (or some similar metric) could further enhance the cell distance metric, e.g. a Hot Spot cell experiencing limited interference might rather then be equally balanced with the common carrier, be instead assigned a greater number of CEU. RoT could provide an indication of which of the two different scenarios mentioned above exists in order to improve CEU load distribution and capacity offered across the carriers.
3 Conclusions
We believe additional parameters that refine the currently reported UL/DL cell load can enable improved load balancing. We have outlined potential benefits of balancing cell load based on a CEU and CCU classification that can benefit FFR and suggested parameters that could be exchanged over X2 to enable this UE classification. Among the proposed parameters, we currently prefer p-a as the metric. We propose RAN3 discusses such a MLB enhancement for R10.
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Figure 1 CEU Imbalance resulting in lost capacity on carrier A





80





eNB B Carrier  A


Power





eNB A Carrier  A


Power





CEU 





Frequency





eNB B Carrier  B


Power





eNB A Carrier  B


Power





100





20





10





Frequency





100








