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1. Introduction 
Small cell enhancement is identified as one of the most important topics in R12. The scenario and requirement of the small cell enhancement have been 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 was approved. According to the approved SID, it was 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 provide some discussion on the interference problem in Section 2, and then present some analysis on the potential solutions in Section 3. Some general discussion on the interference measurement enhancement is given in Section 4 and conclusion is given in Section 5.
2. Interference problem in R12 small cell
The densification of the network is considered to be a way to boost the system capacity. However, this also brings the complexity in handling the interference problem among the cells. In previous study on the interference management such as eICIC and FeICIC in Rel-10 and Rel-11, we have already identified the interference problem for some scenarios such as co-channel interference between macro and pico cells, and also the solutions to handle the interference such as using TDM based resource partition, UE side IC (advanced receiver) and the CB ICIC. However, there are some differences on the interference scenario according to the approved SID for small cell [1] compared with the ones we worked on in previous releases.
1) The densely deployed small cells

In Rel-10 and Rel-11 eICIC and FeICIC studies, the main focus was on sparse deployed pico cells under the Macro-cell coverage in Hetnet deployment. In small cell study, the deployment of small cells could be much denser than the previous pico and macro-cells deployment. That could lead to much severe interference problem compared with what we have recognized in the previous studies. The existing solutions may not be enough to handle the interference problem in R12 small cell deployment scenario. 
2) Dynamic activity of the small cells

One of the most important use cases for deploying the small cell would be indoor scenario. For this case, typically the small cells could be user-deployed and their activity would be quite dynamic and un-predictable since operator may not be able to impose too much control on the user-deployed small cells. On the other hand, the small cell deployment may require less planning and small cells could be turned on and off more frequently as compared with macro-cell. These would potentially lead to   more dramatically changed interference levels as observed on the UE side. It is therefore not clear if existing interference management methods are capable of handling this kind of new interference scenario.
3) New signaling design for new carrier type
Potential new signaling design would be introduced for small cell to improve the system performance such as the efficient cell discovery as pointed out in [1]. Also the multi-carriers could be used for the small cell to boost the system capacity and ease the inter-cell interference, the small cell could also configure some of their available carriers as the NCT for such purpose. Although it is not yet clear what exact new signaling could be designed in phase 2 work of NCT WI [3], as NCT WI is closely coupled with the small cell study,  NCT may introduce new interference scenarios for small cell.
Observation:

· The densification and the dynamic nature of activities due to introduction of  small cells in R12 would create new interference scenario that we should further consider
3. Analysis of existing solutions for interference management
In this section, we give a brief analysis on the existing solutions. 
1) TDM/FDM based resource partition

In the ICIC and eICIC studies,  the focus was on the co-channel deployment between the Macro and pico cells in Hetnet deployment, the resource partition which allows the interfering cell and victim cells occupy different time or frequency resource (FFR) was widely investigated. The TDM based resource partition that can be realized by configuring the ABS or MBSFN subframes was concluded as the baseline eICIC solution. However, the interference issues as observed in small cells deployment could be different. The reason is that the densely deployed small cells could create more interfering cells to a UE than in the macro-pico cases. In this sense, the existing TDM/FDM based ICIC and eICIC methods may not be sufficient to handle the interference problem among the small cells. For example, if number of interfering small cells is large, it would be hard to coordinate between neighbor cells use eICIC and ICIC to reduce interference among them. Additionally, cell condition (e.g., traffic load, number of user served) can vary very quickly in the small cell scenario, possibly making the slow X2-interfaced based ICIC/eICIC mechanism insufficient.

However, we think ICIC and eICIC should still be used as the starting points for any new mechanisms, and the suitability of existing ICIC and eICIC mechanisms in the small cell environment should be evaluated first.
Proposal 1:

· The existing TDM/FDM resource partition may not be sufficient, but could be used as a benchmark for any new mechanisms
2) CoMP

Macro cell with pico cells and RRH within its coverage area has been discussed in CoMP Scenarios 3 and 4. In case of ideal-backhaul, Rel-11 provides extensive support of CoMP operation which also solves the inter-cell interference problem from another angle. Rel-12 eCoMP WID proposal includes CoMP with non-ideal backhaul, which could cover the case between macro cell and small cells within its coverage area on the same frequency. It is not clear if the work will also cover CoMP among small cells.  So we need to clarify the scope of the eCoMP WI on whether it will support CoMP for both scenarios between Macro and small cells and between small cells to avoid the overlapping. 

Proposal 2:

· Clarify the scope of the eCoMP WI on whether it will support CoMP for both scenarios between macro and small cells and between small cells to avoid the overlapping.
3) Dynamic on/off switching of small cell 
The dynamic on/off switching of the small cell is mentioned in small cell PHY SID as one possible way for interference mitigation and avoidance. However, it is not clear to us what does “dynamic” means and what will be the scope of dynamic on/off switching of small cells.  For example, whether it means to completely switch on/off a small cell dynamically, or to turn on/off transmission in a subframe- by -subframe basis, or increase/reduce transmission power in a more dynamic way. Namely, it is not clear what time scale “dynamic” implies: subframe level, radio frame level, or other time units. It also needs to be made clear how this mechanism differentiates from the existing higher-layer mechanism of deactivating/re-activating a cell. The other issues may need to be looked at include who and how to decide to switch on/off a small cell and the impact on RRM measurement due to such dynamic on/off switch.  

Proposal 3:

· Clarification is needed on dynamic on/off switching of a small cell. 

4. Interference measurement enhancement

For the densely deployed small cells scenario, the accuracy of the interference measurement is a key aspect to enable the interference avoidance. Some observations are made on the enhancement of the interference measurement as follows:

1) The number of IMR configurations  for Rel-12 small cell deployments
During CoMP WI, some operators have raised the concern that even with the existing deployment. The number of IMR configurations is limited and substantially complicates operator planning efforts. Now considering R12 small cells deployment scenario, small cells could be deployed in a much more dense way, in order to keep the capability of measuring large number of interferers, the number of the IMR configuration may need to  be re-considered. Some solutions have already been proposed in the CoMP study [4] to solve this issue, the feasibility and complexity to apply them in the R12 small cell scenario could be evaluated first before starting to look for other enhanced solutions.
2) Interference measurement accuracy
As stated in section 2, the dynamic activity of the small cells will lead to a more dynamic interference level observed at the UE side in both time and frequency domain. This imposes the challenge to get an accurate interference measurement result. For example, more traditional interference measurement through averaging may not provide more accurate interference measurement as it may not be able to capture the instantaneous interference.  We should further address how to accommodate the dynamic interference level when developing/improving interference measurement for small cell, without significantly increasing the burden on UE.
Proposal 4:

· Interference measurement may need to be improved for small cells to deal with large number of interfering sources and more dynamic interfering level
5. Conclusions

In this contribution, we have discussed possible interference issues in Rel-12 dense small cell deployment and have the following observation.

Observation:

· The densification and the dynamic nature of activities due to introduction of  small cells in R12 would create new interference scenario that we should further consider

Based on the observation, we have the following proposals:
Proposal 1:

· The existing TDM/FDM resource partition may not be sufficient, but could be used as a benchmark for any new mechanisms
· Clarify the scope of the eCoMP WI on whether it will support CoMP for both scenarios between macro and small cells and between small cells to avoid the overlapping.

· Clarification is needed on dynamic on/off switching of a small cell. 

· Interference measurement may need to be improved for small cells to deal with large number of interfering sources and more dynamic interfering level
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