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1 Introduction

This contribution provides a text proposal of load shifting/balancing and UE association enhancements, which is a potential technique to ensure efficient operation in small cell enhancements study. The text proposal includes

· Overview of load balancing/shifting and cell association schemes
· Standards impacts
-------------------------------------------Start text proposal----------------------------------------------------------
7.1.4
Load balancing/shifting
The study for cell association is included in this subclause.

Load shifting/balancing plays an essential role in a small cell network as it can change the traffic load distribution over cells/layers and the interference profile of the network, which can considerably affect network performance. There are generally two aspects associated with load shifting/balancing schemes:

· Load balancing: Shifting the load so that the load is more evenly distributed across the cells/layers in the network, which can improve the overall network throughput performance and user experience. It addition, it can increase the robustness of the network by avoiding saturation of the heavily loaded cell (e.g., when the number of utilized time-frequency resources reaches a threshold at a time in that cell). 
· Load aggregation: Shifting the load so that the load is aggregated in a subset of network resources (e.g., cells) and the rest of the network resources do not transmit, which can reshape the network interference profile and hence the transmission efficiency may be improved. Load aggregation may further enhance the performance gain of small cell on/off schemes as it tends to increase the number of small cells that can be turned off. 
Both of these two aspects may be utilized in a single load shifting/balancing scheme and improved throughput performance may be expected. 

Load balancing/aggregation may be achieved via cell association. Several cell association options have been studied, including:

· Association schemes based on RSRP with a cell association bias
In these schemes, the cell with the highest value of RSRP plus a cell association bias is selected as the serving cell. Load balancing may be achieved using the cell association bias, with which the cell selection will be biased towards lightly-loaded layer (usually the small cell layers) or lightly-loaded cells.
· Association schemes based on realistic buffer RSRQ with a cell association bias or threshold
In these schemes, two methods may be used:

· Method 1: the cell with the highest value of RSRQ plus a cell association bias is selected as the serving cell
· Method 2: the small cell with the highest RSRQ is selected if the RSRQ is larger than a predetermined threshold, otherwise it selects a macro cell

RSRQ is the ratio between RSRP associated with a (potentially serving) cell and RSSI, and thus in the inter-frequency case, it will bias towards the layer with lower RSSI (usually the small cell layer). More generally, since RSRQ increases with the SINR associated with the cell and decreases with the loading of the cell, the resulting cell association will bias towards lightly-loaded cell. Hence, a cell association bias or a predetermined threshold may need to be adjusted according to the loading of the cells, which is desirable for load balancing.
· Association schemes based on realistic buffer long-term SINR measurements, with a cell association bias
In these schemes, the SINR and cell loading based bias may be independently adjusted as needed, which is desirable for load balancing.
· Association schemes to optimize a performance metric (e.g. local-area weighted sum throughput) based on UE measurements (RSRP, RSRQ, long-term SINR, etc.) and network-side information (e.g. cell resource utilizations, etc.)
In these schemes, load balancing/aggregation may be achieved. Outcomes of these association schemes may be UE-cell association decisions and small cell on/off and carrier selection decisions. The involved optimizations are generally performed by the network and are mainly implementation issues.
· Association schemes based on RSRQ/SINR with shortened measurement interval

In these schemes, a shortened measurement interval may enable faster adaptation rate to the load change between frequency layers, which can result in better layer association decisions.
For RRC_CONNECTED, UE reports measurement results and the actual cell association is carried out by the network. For RRC_IDLE, UE makes cell association based on its measurement. Some cell association bias may be indicated to the UE. For RRC_CONNECTED UE, the association bias may be implemented within the network which is solely the cell association decision.
Several cell association options for load balancing/shifting have been evaluated. It is generally observed that SINR and RSRQ based association with association bias achieves significant user throughput gains than RSRP based association with association bias. Further user throughput gain may be achieved with association scheme based on the optimized performance metric (e.g. local-area weighted sum throughput). It is also observed user throughput gains may be achieved with shortened measurement interval; however that the impacts of the accuracy of RRM measurement need to be considered when measurement interval is shortened. Most of load shifting/balancing and UE association schemes may be implemented without any standards impact. For example, although long-term SINR measurement does not exist in current standards, it may be estimated by the network based on the UE RSRP/RSRQ reports and network-side cell resource utilization information. The following enhancements in the standards have been identified for consideration:

· Introducing new RRM measurements, such as long-term SINR measurements at the UE. The RRM measurements may be based on resources such as CSI-IM resources. The resultant measurements have potential to be more accurate than the network estimate of long-term SINR. The long-term SINR measurements from more than one candidate cells may need to be derived and reported.
· Introducing enhanced network coordination and backhaul information exchange mechanisms to assist load shifting/balancing decision making. A load shifting/balancing decision may impact multiple cells and multiple UEs, and the impacts need to be estimated or measured during the decision making process. For example, currently available information about the cells and UEs’ may be exchanged/aggregated/processed to estimate the impacts of the decision, or alternatively the cells and UEs may be coordinated to measure the impacts of the decision based on some measurement resources.

------------------------------------------------------End of text proposal--------------------------------------------











































































