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1 Introduction
In RAN WG1 Meeting #72bis, it was agreed that the following candidate interference avoidance and coordination techniques for efficient small cell operation may be considered in the small cell enhancement (SCE) study:

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 
· Coordinated scheduling and beamforming with non-ideal backhaul

In this contribution, coordinated scheduling and beamforming (CS/CB), a set of candidate techniques for operation efficiency improvement in small cell networks with possibly non-ideal backhaul, will be discussed. 
2 CS/CB with non-ideal backhaul for SCE
The small cell enhancement study item considers a wide range of backhaul connection conditions including both ideal and non-ideal backhaul. For example, within a small cell cluster (as agreed in SCE simulation assumptions) ideal backhaul may be assumed, but among different clusters and between macro cells and small cells, non-ideal backhaul is more likely. Non-ideal backhaul may have various backhaul latency values, ranging from very low (e.g. 2ms) to very high (e.g. 60ms) [1].

CoMP, including CS/CB, has been shown as an effective technology for interference avoidance and coordination. In general, ideal backhaul connections are needed to support Rel-11 CoMP schemes, especially those requiring dynamic coordination. However, some CS/CB schemes, such as coordinated beam switching (CBS) and coordinated beam blanking (CBB), are applicable with non-ideal backhaul [2]
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[5] and may be especially useful for the study of small cell enhancement.
· CBS: Each cell determines its own beam cyclic period/pattern and schedules the UE to its preferred beam(s) in the pre-defined beam position. This is an effective method to alleviate the flashlight effect and it may work well in a small cell network where the interferences from the neighbouring cells are more random and severe. The beam patterns are semi-statically configured and exchanged among the coordinated cells over the backhaul.
· CBB: An interfering cell performs interference avoidance in the spatial domain towards the cell edge UEs of another cell over the time-frequency resources semi-statically configured for CBB. This can be viewed as the interfering cell sending a blank beam towards victim UEs and hence the name CBB. Performance benefits of CBB for the CoMP scenarios were provided in [5]. To perform CBB, the interfering cell can utilize the relevant long-term statistical information (e.g., long-term CSI) concerning its interference toward the victim UEs, which can be obtained via the backhaul link. The faster the backhaul is, the more frequent the long-term CSI may be exchanged, and the more dynamic the spatial domain interference avoidance may be done. If the backhaul latency approaches zero (i.e. becoming an ideal backhaul), then instantaneous CSI may be exchanged and CBB approaches coordinated beamforming (CBF). If the latency for exchanging CSI over the backhaul approaches infinity, CBB may behave as the ABS based eICIC scheme. 
Therefore, some CS/CB schemes have very low requirements on backhaul connections, and they may be able to flexibly utilize what the backhaul connection can offer. If a backhaul connection with a lower latency is available, faster coordination is possible and hence better performance may be obtained. Most of the components needed for CBS/CBB are already included in the existing framework of CS/CB as described in TR 36.819 and any addition is considered as very minor (see [5] for a detailed discussion).
Observation 1: Interference avoidance and coordination based on spatial domain information exchange over backhaul are adaptable to various backhaul latency values.

Observation 2: Coordinated scheduling and beamforming (including CBS/CBB) may be supported with limited standards impacts.
The following is proposed:

Proposal: Consider adopting coordinated beam switching (CBS) and coordinated beam blanking (CBB) to cope with non-ideal backhaul with various latency values.
3 Conclusion
This contribution discussed CS/CB schemes (including coordinated beam switching (CBS) and coordinated beam blanking (CBB)) which may improve operation efficiency. Specifically, CBB may be applicable to various backhaul latency values and adaptively take advantage of the existing backhaul. The following is proposed:
Proposal: Consider adopting coordinated beam switching (CBS) and coordinated beam blanking (CBB) to cope with non-ideal backhaul with various latency values.
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