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1 Introduction
Various contributions on enhanced ICIC techniques for efficient small cell operations have been proposed in RAN1#73 and the next steps were identified [1]. This contribution focuses on Enhancement of frequency domain and time domain ICIC to multi-cell scenarios and load balancing techniques and summarizes the specification impacts and the potential benefits of techniques. 
2 Frequency domain ICIC Enhancement
In [2], the motivations and potential benefits of employing enhanced ICIC for protecting EPDCCH in dense small cell scenarios have been discussed. In small cell scenarios, it is expected that each small cell may not have many active UEs at a time, yet multiple small cells would be active at a time and the active cells change dynamically. Consequently, the interference situation changes dynamically and interference level is fluctuating. To address the interference among multi-cells, it is natural to consider using EPDCCH for efficient small cell operation. With the small number of active UEs per small cell, the number of PRBs used for EPDCCH is expected to be small. Thus, overall, protecting EPDCCH PRBs by coordination among cells can be considered to achieve stable and efficient EPDCCH performance. 

As discussed in [2], applying Rel-8 RNTP to protect EPDCCH has the limitations. Thus, a few alternatives can be considered. 

(1) Enhanced RNTP with additional X2 signalling: as PRBs configured for an EPDCCH set will be semi-statically reconfigured, protection of such PRBs should be guaranteed semi-statically. With additional signalling, each eNB may signal a set of PRBs which will be used with low power for a relatively long time such that neighbour eNBs can use those PRBs for the EPDCCH transmission. The signalling may also include the power level used and the duration how long the low power will be used for those indicated PRBs. The concept is similar to apply ABS in frequency domain. To help the decision of a set of PRBs configured with low power for a long time, each eNB may exchange the information of its EPDCCH configuration including the list of PRBS with loading/interference level with neighbour eNBs. Based on the exchanged information, each eNB may reconfigure the set of low power PRBs. 
(2) Time-domain ICIC: to minimize the interference from PDSCH on EPDCCH PRBs, the same set of PRBs can be coordinated to be used for EPDCCH transmission among cells within a group/cluster. Small cells coordinate not to schedule PDSCH within the configured common EPDCCH PRB set and to apply time-domain ICIC to avoid EPDCCH collision. 
In summary, the exchange of EPDCCH configuration among small cells would be necessary to enhance the performance of EPDCCH in a dense small cell scenario. 

Proposal 1: Additional X2 signalling to support EPDCCH protection in small cell scenarios should be considered.

3 Load Balancing Techniques
In realistic small cell scenarios, it is likely that UEs are distributed non-uniformly and also traffic arrivals are not random. Moreover, deploying small cells may not be well planned to reduce the cost and also to consider environments where small cells are installed. Thus, it is highly expected that load balancing among small cells are not automatically achieved in realistic operation. It is shown in [4] that load balancing in un-balanced load situation in fact considerably enhances the overall user throughput and system performance. Thus, we believe a simple mechanism to support efficient load balancing between macro and small cell and among small cells are essential in small cell operation. 
Effective load balancing can be implemented in different approaches. One is to use hand-over mechanism such that macro cell or controller hands over or offloads users to cells with low loading condition. Since in small cell scenarios, user/traffic generations are rather bursty and the backhaul latency is relatively large, this network-driven offloading/hand-over mechanism for load balancing would not work so effectively. Thus, autonomous load balancing (UE-driven) by cell association should be considered such that a UE can select the cell with consideration of both signal strength and also cell loading level. To learn the load level of a cell, overall two approaches can be considered. 
1. Load information is known to UE via signaling: various signaling mechanisms can be considered to inform the load level of each candidate cell to a UE including load level indication in synchronization/discovery signals or in PBCH/SIB. If a UE knows the load level of neighbor cells, cell association can be tailored to consider both RSRP and cell loading. One example is to use different metric than RSRP to select a cell as shown in below: a UE selects a cell with the highest value 
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is the ratio of available resource compared to the total resource (e.g., average # of unused RBs/total RBs).

2. Estimating the load level in cell acquisition: another mechanism is to manipulate RRM RS (RS used for RRM measurement) or synchronization signals to imply the cell loading level and thus a UE can estimate the loading level of a cell by reading RRM RS or synchronization signals. 
A. Reducing TX power with increased loading level: one approach is to reduce the transmission power of RRM RS as the cell loading increases so that measured RSRP becomes lower. It can be used for synchronization signal as well so that the detection probability of synchronization signal becomes lower.
B. Reducing Frequency of RRM RS transmission with increased loading level: another approach is to transmit less number of discovery/RRM RS so that a UE can infer the loading level of a cell by reading the number of discovery/RRM RS per given period. If the cell is highly overloaded, discovery signal or synchronization signal may be omitted. 
Proposal 2: Indication of load level at cell association is supported to perform load balancing in small cell scenarios.

4 Conclusion
This contribution reviews specification impacts to support enhanced frequency domain ICIC to support efficient EPDCCH transmission in small cell scenarios. Furthermore, it reviews a few potential mechanisms to support load balancing at cell association to enhance the user throughput. 
Proposal 1: Additional X2 signalling to support EPDCCH protection in small cell scenarios should be considered.

Proposal 2: Indication of load level at cell association is supported to perform load balancing in small cell scenarios.
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