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1. Introduction 
Small cell enhancement is identified as one of the most important topics on Rel-12 and onward. The scenario and requirement of the small cell enhancement are widely discussed and captured in TR 36.932 [1]. In RAN #58th meeting, a new study item [2] on the physical layer enhancement for small cell is approved. According to the approved SID, it is agreed that we should study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

In this contribution, we give a discussion on the interference problem in section 2, and then present the analysis on the potential solutions in section 3 including multi-carriers and single carrier cases. Conclusion is given in section 4.
2. Interference in Rel-12 small cell
In Rel-12 small cell deployment scenario, two types of interference problems should be addressed, the first one is the interference problem between Macro cell and small cells, the other one is the interference problem between small cells. 
The interference between Macro and small cells under co-channel deployment has been widely discussed in previous releases (Rel-10 and Rel-11) under eICIC and FeICIC, the TDM based solution such as ABS was concluded as the baseline solution. In  Rel-12 small cell deployment , since the small cells could be densely deployed , cell-range expansion to expand the small cell’s coverage as studied in Rel-11 may not be the focus. . Therefore, the interference level between macro cell and small cells is similar to the inter-cell interference seen in Rel-8, and thus, the Rel-8 ICIC scheme could be reused to handle the interference problem between Macro and small cells.

The interference between small cells may become a new issue in Rel-12 when small cell are densely deployed. Although CB based and/or ABS based ICIC could  still be used,  they may not be as efficient as before due to some differences [3] in  the new interference scenarios, i.e.,  
1) The densely deployed small cells

In Rel-11 FeICIC WI, the main focus is on sparsely deployed pico-cell under the macro-cell coverage and the main issue is to deal with the interference between macro-cell and pico-cell, not the interference between pico-cell and pico-cell. That is different from Rel-12 small cell scenario where denser small cells are deployed and one of the main issue is to deal with interference between small cells. In small cell deployment, the interference between small cells could be much severe compared with that we have recognized in Rel-11 FeICIC WI. Therefore, the existing solutions may not be enough to handle the interference seen  in Rel-12 small cell deployment scenario. 
2) Dynamic activity of the small cells

One of the most important use cases for small cells would be indoor scenario. If  small cells are  user-deployed,  their activity would be quite dynamic and un-predictable since operator has less control on the user-deployed small cells. This would potentially imply a dramatically changing interference level observed at  the UE side. It is not clear the existing interference management methods could be capable enough to handle this kind of interference scenario.
Observation 1:

· The traditional ICIC scheme could be used to handle the DL interference between macro-cell and small cells

· The densification and the dynamic nature of the small cell in Rel-12 would create new interference scenario that should be further studied
3.  Possible solutions for interference avoidance
In this section, we present some possible interference avoidance solutions between small cells. In Rel-12 small cell deployment scenarios, the small cells are densely deployed, and thus, one small cell may interfere with several neighboring small cells. The small cell needs to coordinate its transmission to handle the mutual interference issue. However, it may be difficult  to rely on the macro-cell to perform the coordination as this would bring much complexity on the macro-cell. In order to enable an efficient operation across the small cell layer, it is beneficial to form a small cell cluster that contains small cells that have mutual interference to each other. As the first step  it is then important to study how to form a small cell cluster in order to facilitate the interference avoidance.

 Proposal 1:

· Study efficient methods to form a small cell cluster

According to TR36.932 [1], the considered spectrum configurations are shown as follows.

1. Carrier aggregation on the macro layer with bands X and Y, and only band X on the small cell layer

2. Small cells supporting carrier aggregation bands that are co-channel with macro layer

3. Small cells supporting carrier aggregation bands that are not co-channel with macro layer

The interference issue may be quite different regarding different spectrum configurations. To support different spectrum configurations, solutions for interference avoidance between small cells are discussed in the following subsections focusing on  two scenarios:
1) Multi-carriers case

2) Single carrier case

3.1. Multi-carriers case

Method 1: Autonomous carrier selection
If multiple carriers are available for  the small cells, one straightforward interference avoidance solution is to allocate different carriers to different  small cells with mutual interference [4]. Once a small cell is turned on, it would scan the transmission on all available carriers and pick up the carrier that is not used to provide service as illustrated in the figure below:
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Figure 1: Illustration of the carrier division solution
However, the spectrum efficiency is low for this autonomous carrier selection solution. The other issue is that when the number of the interferers is larger than that of the available carriers, the new small cell would find no available carrier to provide service. Thus, some other solutions such as power control may need to be applied as well.
Proposal 2:

· The autonomous carrier selection solution is not efficient from the viewpoint of spectrum efficiency

Method 2: CoMP-like solution
In this solution, the small cells within a small cell cluster could coordinate their transmission like that used in CoMP to mitigate interference issue. For example, one carrier could be used as a common carrier for all the small cells within a cluster to provide broader coverage, while other carriers could be used to boost the traffic for each small cell.  For new UEs, all the small cells could acts as different transmission points like in CoMP scenario 4 and their transmission to the UE could be transparent to the UEs. This would be beneficial for UE mobility performance such as handover. For the legacy UEs, they could be served on the common carrier with CoMP transmission used for CoMP scenario 3 to reduce the interference. . While the mobility management is performed on the common carrier, UEs could also be served on other carriers depending on their traffic demand and carrier aggregation capability. An illustration for a CoMP-like scheme is illustrated in figure 2:
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Figure 2: Illustration to a CoMP-like solution

Further investigation is needed on the mechanism to enabling the CoMP-like operation including the measurement.
Proposal 3:

· Further study CoMP-like scheme to mitigate  the interference issue. 
3.2. Single carrier case

Method 3: TDM/FDM resource partition
In the FeICIC WI that is focus on the co-channel deployment between the macro and small cells, the resource partition which allows the interfering cell and victim cell occupy different time/frequency resource is widely investigated. Finally the TDM resource partition that can be realized by configuring  ABS or MBSFN is concluded as the baseline solution. However, the solution may not be enough to handle the interference problem among the small cells for two reasons. 
1. One reason is that the interference is bidirectional rather than unidirectional, namely, unlike in Hetnet scenario where the dominant interference is from macro-cell or pico-cell, here in small cell, the interference could be from one smell cell to the other and vice versa. 

2. The other reason is the dense deployed small cells will create more interfering cells. 
To solve these issues, more ABSs may need to be configured among small cells for cell-edge UEs and this will lead to substantial spectrum efficiency loss. In this sense, the existing TDM/FDM is not efficient to handle the interference problem among the small cells. However, we think it should still be used as the starting point for any new mechanisms, and the suitability of existing ICIC mechanisms in the small cell environment should be evaluated first.
Proposal 4:

· The existing TDM/FDM resource partition may not be sufficient, but could be used as the starting point  for any new mechanisms
Method 4: Dynamic on/off for small cell 
The concept of dynamic on/off of the small cell [5] is mentioned in last RAN1 meeting. The small cells could be dynamically turned on or off according to the traffic variance in the serving area. Such mechanism could also help to mitigate un-necessary interference. In our view, dynamic on/off of small cells should also cover the solutions that the small cells could reduce its transmission such as transmission power and signaling to a certain extent to mitigate the interference to other small cells, since the frequent turn on/off the transceiver of a small cell would requires more coordination and reduce the QoS of the UE.
Proposal 5:

· Reducing the transmission for the small cell such as transmission power and signalling could also be considered as part of  dynamic on/off of small cell.

4. Conclusions

In this contribution, we discuss the interference issue in Rel-12 small cell and have the following observation.

Observation:

· The traditional ICIC scheme could be used to handle the DL interference between macro-cell and small cells

· The densification and the dynamic nature of the small cell in Rel-12 would create new interference scenario that should be further studied
Based on the observation, we think forming small cell cluster is necessary to facilitate coordination and mitigate interference between the small cells

Proposal 1:

· Study efficient methods to form a small cell cluster

Further we divide the interference issues into two cases and analyse the solutions on the interference avoidance. For the multi-carrier case, we have the following proposals:
Proposal 2:

· The autonomous carrier selection solution is not efficient from the viewpoint of spectrum efficiency

· Further study CoMP-like scheme to mitigate  the interference issue. 

While for the single carrier case, we have the following proposals:

Proposal 3:

· The existing TDM/FDM resource partition may not be sufficient, but could be used as a starting point  for any new mechanisms
· Reducing the transmission for the small cell such as transmission power and signalling could also be considered as part of  dynamic on/off of small cell.
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