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1 Introduction
In 3GPP RAN1#72, the following small cell enhancement (SCE) scenarios were agreed [1].
1. SCE scenario 1: 
· The small cells are deployed in the presence of an overlaid macro network
· Co-channel deployment of the macro cell and small cells
· Outdoor small cell deployment
2. SCE scenario 2a:
· The small cells are deployed in the presence of an overlaid macro network
· Separate frequency deployment of the macro cell and small cells
· Outdoor small cell deployment
3. SCE scenario 2b:
· The small cells are deployed in the presence of an overlaid macro network
· Separate frequency deployment of the macro cell and small cells 

· Indoor small cell deployment is considered
4. SCE scenario 3:
· Macro cell coverage is not present
· Indoor deployment scenario is considered 

Additionally, the RAN1 work to exploit the relevant evaluation methodology was almost finalized [2] and it was agreed that the evaluations for all SCE scenarios considers both ideal and non-ideal backhaul for the following interfaces:
· between the small cells within the same cluster
· between a cluster of small cells and at least one macro eNB
For all other interfaces, non-ideal backhaul is assumed. The approved backhaul latency values for evaluation are {2ms, 10ms, 50ms}. Given the above agreement on SCE evaluation methodology including non-ideal backhaul assumption, one issue following up would be how to coordinate small cells considering backhaul latency. This contribution discusses on coordination schemes among small cells with non-ideal backhaul.
2 Coordination for Small Cells with Non-Ideal Backhaul
Coordination among multiple cells has been intensively discussed for Rel-11 CoMP standardization which focuses on air-interface without considerations for non-ideal backhauls. Among the different CoMP schemes considered in Rel-11, joint transmission (JT) and dynamic point selection (DPS) would require a tight backhaul to manage the HARQ process among multiple cells or transmission points. As a result, these two schemes seem inadequate for application to small cell scenarios where the backhaul is subject to latency and bandwidth limitation. Likewise, coordinated beamforming (CB) requires the exchange of precoding information between cells or transmission points. Such exchange of precoding information needs to be made with a latency that is small enough in comparison with the channel variation in the time domain. Additionally, the precoding information would have to be accurate enough so that precise coordination can be achieved. Given these requirements, it is unclear whether CB could in fact provide coordination gains where UEs provide quantized precoding information and the network is implemented with non-ideal backhauls.
On the other hand, we think coordinated scheduling (CS) could be a robust coordination scheme even in case of non-ideal backhaul. For CS schemes, the wireless resources for downlink transmission of each cell or transmission point participating would be coordinated to enhance the system performance. In this contribution, this operation will be referred to as resource coordination. The resource coordination could be considered as a centralized approach in that the UEs’ CSIs from multiple cells or transmission points are collected and processed together. The result of the resource coordination would be forwarded to the individual cells or transmission points. Upon receiving the result of the resource coordination, the eNB would know how the wireless resources can be used for each of its cells. Each eNB would transmit its downlink according to the allocated wireless resources. 
Further performance enhancement could be possible if individual eNBs perform its own UE scheduling within the allocated resources. In other words, if available wireless resources of small cells are determined in a centralized manner, UE scheduling in the allocated resources could be done in per-cell basis. By performing the UE scheduling at the individual eNBs, we expect the system performance would be less sensitive to the latency introduced by backhauls. Figure 1 shows the exchange of CSI information of multiples cells for the resource coordination. 
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Figure 1: Sharing of CSIs of multiple cells or transmissions points subject to backhaul delay.
Observation:

· JT/DPS requires a tight backhaul to manage HARQ process among multiple cells

· CB requires a low latency backhaul as well as high precision precoding information
· CS could be a promising coordination method among small cells with non-ideal backhauls
· Resource coordination would be decided in a centralized manner

· UE scheduling would be done in per-cell basis

Based on the above observation, the coordination method for SCE evaluation fulfilled in a companion paper [3] is a CS scheme which is operated in the following two steps:
1st step (Resource coordination based on the shared CSI with backhaul delay)

· The available wireless resources of N small cells in a coordination area are determined in RBG level such as
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 denotes the optimal resource allocation of the N small cells in the coordination area. 
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2nd step (UE scheduling in each small cell based on the CSI available at individual eNBs)

· Each small cell checks allocated resources based on the decision in the resource coordination step
· For the allocated resources, each small cell conducts UE scheduling taking into account the resource allocation of the interfering cells and available CSI
The simulation results in [3] show that the above coordination scheme based on CS can provide a huge user-experienced throughput gain. In particular, 50%~90% mean user throughput gain is achieved under moderate resource utilization compared to the case without interference coordination among small cells.
3 Conclusions
This contribution discusses on coordination schemes among small cells with non-ideal backhaul. Throughout the discussion, it is observed that
Observation:

· JT/DPS requires a tight backhaul to manage HARQ process among multiple cells

· CB requires a low latency backhaul as well as high precision precoding information
· CS could be a promising coordination method among small cells with non-ideal backhauls
· Resource coordination would be decided in a centralized manner

· UE scheduling would be done in per-cell basis
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