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1. Introduction
It is widely acknowledged that dense small cell deployment is one of the very important scenarios to handle the traffic explosion through the small cell studies. This scenario creates more cell edge regions between small cells. Therefore, inter-small-cell interference coordination will be more important to achieve better services for the cell-edge users. On the other hand, it would not be a good idea to introduce a completely new ICIC technique taking into account the RAN1 timeline. Thus, modification of the existing ICIC techniques (i.e. feICIC, CoMP and/or advanced receiver) would be reasonable. In this contribution, we analyse how to extend the existing ICIC techniques to optimize small cell operations, and show the technical challenges for this purpose. 

2. Discussions

In this section, we show our view how to extend the existing ICIC techniques to the small cells in Rel-12. For the reference the summary and challenges for feICIC, CoMP and advanced receiver are shown in section A in Annex.
If the ideal circumstances can be assumed for UE and eNB implementation, CoMP would be one of the promising solutions to solve inter-cell interference issue. Especially, the scalability of CoMP is considerable; i.e. four-dominant interference situation can be handled by using multiple CSI processes. However, CoMP requires very complicated implementation, such as multiple CSI processes, QCL assumption and IM, for UEs. In addition, ideal backhaul and synchronization are also required to eNBs as well in order to achieve optimum throughput gain. Since it was agreed that non-ideal backhaul is the baseline of backhaul assumption, Rel-11 CoMP techniques may not be applicable for the small cells in Rel-12 without modifications.
On the other hand, Rel-11 TDM based feICIC is a very simple approach applicable to one dominant interference situations such as macro-to-pico interference in HetNet. While this approach is easier to deploy than CoMP, the scalability is not sufficient. Namely, only two types of subframe (i.e. ABS and non-ABS) are supported for feICIC to mitigate macro-to-pico interference, and hence it is not so easy to apply this mechanism to the situations that multiple interferers are present. Thus, we believe that some standard supports are necessary to adjust the existing feICIC to the small cell scenarios. Although carrier-based ICIC may be applicable to the small cell scenarios, it should be kept in mind that multiple component carriers are not always available.
Given these analyses, flexible control of ABS subframe (a.k.a. flexible on/off switching of small cells) as an extension of Rel-11 feICIC would be a good approach for this study item. Furthermore, CSI enhancement would also be required because the dominant interferer would not be limited to one. We believe that the mechanism RAN1 defined for CoMP would be applicable. Furthermore, RAN1 should also clarify the necessary time span of on/off switching to obtain the sufficient performance gain because it impacts the standardization; i.e. no spec support might be necessary if long-span control is sufficient. 

Regarding advanced receiver, it would be premature to make the decision because the S.I. has just started. Small cell aspect should be taken into account in the corresponding S.I.

Proposal:
· Extension of ABS subframe (a.k.a. flexible switch on/off of small cells) should be considered as an interference management schemes of small cells.
· required time span of on/off control should be clarified in this S.I.
· CSI enhancements should be studied since the dominant interferer is not limited to one.
· Try to reuse existing mechanism, e.g. defined for CoMP
3. Conclusion
In this contribution, we analysed how to extend the existing ICIC techniques to optimize small cell operations, and showed the technical challenges for this purpose. Our proposal is summarized as follows.
· Extension of ABS subframe (a.k.a. flexible switch on/off of small cells) should be considered as an interference management schemes of small cells.
· required time span of on/off control should be clarified in this S.I.
· CSI enhancements should be studied since the dominant interferer is not limited to one.
· Try to reuse existing mechanism, e.g. defined for CoMP
Annex
A Detailed analysis of ICIC techniques

The summary of current specs for each technique is shown below. The sentences with yellow shadow are the challenges in Rel-12, i.e. some spec change would be required.
A.1. feICIC (TDM-based and Carrier-based)

· Inter-cell interference is semi-statically controlled in terms of subframe.
· Transmission point is fixed. 
· CSI report is calculated based on subframe type (ABS or non-ABS).
· Maximum two subframe types are available in Rel-11
· A new specification is necessary if more than 3 subframe types are necessary
· CRS interference can be avoided/mitigated by:
· UE receiver
· In Rel-11, only HetNet is the target 
· In Rel-12, new SI for HomoNet CRS canceller has been agreed
· NCT without CRS or with reduced CRS
· it should be defined in Rel-12
· Use of MBSFM subframe
· More than 7 subframes per radio frame might be available in Rel-12 NCT.
· Semi-static switching on/off of small cells
· It can be supported without spec support if the time span is sufficiently long.
· Spec supports are necessary if dynamic on/off is necessary.
· Flexible Power control
· Only zero power ABS is supported in Rel-11.
· Throughput gain by more flexible power control should be investigated.
· Any transmission mode is potentially supported
· robust for backhaul delay and capacity
A.2. CoMP

· Inter-cell interference is dynamically controlled in terms of subframe.
· Transmission point can be switched.
· CSI report is calculated based on configured CSI-RS resources, i.e. CSI processes.
· 1,3 and 4 CSI processes are available in Rel-11 depending on UE capability. FFS whether more than 5 CSI process is necessary.
· CRS interference can be avoided by:
· UE receiver
· In Rel-11, only HetNet is the target 
· In Rel-12, new SI for HomoNet CRS canceller has been agreed
· NCT without CRS or with reduced CRS
· should be defined in Rel-12
· Flexible Power control
· DMRS based TM supports flexible power control.
· TM 10 based TM is supported
· delay and capacity limitation of the backhaul impacts on the CoMP performance
· the sensitivity depends on CoMP schemes (i.e. JT, DPS and CS/CB)
· X2 based CoMP solution has not been discussed in Rel-11.
A.3. Advanced receiver (Network assisted Interference canceller)

Observation:

· Inter-cell interference is dynamically cancelled in terms of subframe by using MMSE-IRC.
· Co-variance matrix of interference channel is not so accurate.
· Network assistance may help to improve the accuracy.
· What is the application domain of advanced receiver (including NW assisted IC)?
· How many interferences can be cancelled?
· Possibility of receivers other than MMSE-IRC
· This should be studied under the S.I. of NW assisted IC.
2

