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1 Introduction

From Rel-8 through Rel-11, inter-cell interference coordination scheme such as ICIC and eICIC have been studied for homogenous networks and heterogeneous networks, respectively. ICIC is a frequency-domain interference coordination scheme to reduce macro-to-macro interference in co-channel deployment scenarios by exchanging power restriction in PRB-level while eICIC is a time-domain coordination scheme to reduce the macro to small cell interference in co-channel deployment scenarios by configuring ABS (almost blank subframes) for the macro cell cell. In small cell enhancement scenario, a number of proposals [1~5] were made to improve existing ICIC schemes considering dense small cell deployment scenarios. This contribution considers enhancements of frequency-domain power control and/or ABS to multi-cell scenarios for efficient interference mitigation operations.
2 ABS enhancement for interference mitigation
2.1 Need of enhancement

In Rel-11 the X2 interface supports signaling of ABS information from a macro cell to neighbouring small cells. The ABS information includes 20/60/70-bit size of muting pattern from the macro cell for both TDD and FDD. The ABS information can be updated every 1 sec or slower. After receiving the ABS information from the macro cell, a small cell can restrict UE measurements by configuring multiple subframe sets. In Rel-12 small cell scenarios, UEs in a small cell cluster may have larger number of dominant interfering cells than in Rel-11 Het-Net scenario. Moreover, the loading of small cells may fluctuate more frequently in low/medium traffic loads. Along with TDM ICIC, FDM ICIC can be used for more intensive coordination of interference as shown in [3,4]. However, details on how to configure TDM ICIC and FDM ICIC in a mutually beneficial manner is a network implementation issue.  Shortcomings of Rel-11 ICIC schemes for use in small cell deployment include:
· Slow coordination (not possible to follow short term traffic fluctuations)

· Different type of dominant interferer and possibly more than one dominant interferers (either macro or small cell can be a dominant interferer)

2.2 Discussion on ABS enhancement
Time scale of coordination

As previously mentioned, the X2 interface supports signaling of ABS information that can be updated every 1 sec or slower. It was shown in [4] that it is useful to adjust the utilized resources based on the traffic load fluctuations and that the transmission power adjustments to the traffic load distribution improve the overall system performance. The same principle as for the dynamic traffic load based resource adjustment can also apply to other resources such as time and frequency. Note that traffic fluctuation of small cell also depends on the time scale properties of small cell on/off such as the time interval between consecutive OFF periods. Considering the time scale of small on/off, the backhaul requirements need to be studied in determining whether to enhance the signaling and a faster adaptation rate than supported in Rel. 11 can be considered. 
Proposal 1: Study backhaul requirements as a first step in determining whether to support faster adaptation rate for ICIC.
TDM ICIC and FDM ICIC
In a dense deployment of small cell scenario 2, the magnitude of interference from small cells can be significant especially when there are many small cells within a cluster. Even in small cell scenario 1, due to the relatively closer distance between small cells within a cluster, both macro and small cells should be considered as the source of dominant interference in coordinating inter-cell interference. If Rel-8 ICIC and Rel-11 eICIC schemes are reused without further enhancements, they may have limited benefits for dense small cell deployments. Moreover, signaling and operation for FDM ICIC and TDM ICIC are  independent. One area of possible ICIC enhancements in Rel-12 would be to design the resource coordination mechanism in the time and frequency domain in a coordinated manner considering the interference generated among small cells of a same cluster. The potential benefits of ideal coordination (time/frequency/power) among small cells are shown in Table 1. The Rel-10 ABS is used to control interference from macro cell to small cells in scenario 1. It can be observed that the time-scale and/or resource resolution for interference coordination need to be further studied. Detailed simulation assumptions can be found in [6,7].
Table 1: Performance results of ideal coordination

	
	RU
	Average user packet throughput (Mbps)

	
	No coordination
	Ideal coordination
	No coordination
	Ideal coordination

	Scenario 1 without ABS
	0.35
	0.30
	23.8
	27.5

	Scenario 1 with 3 ABS
	0.34
	0.23
	26.2
	29.7

	Scenario 2a
	0.31
	0.21
	25.8
	38.2


Proposal 2: Frequency/time/power resource should be jointly considered in order to maximize the benefits of interference coordination in SCE.
Signaling for multi-cell coordination
As shown in [4], the signaling for multi-cell coordination can be optimized in both centralized and distributed manners. If centralized coordination is used, one coordinating cell (e.g. macro cell or small cell within a cluster) can be signaled interference coordination information using peer-to-peer backhaul communication. The coordinating cell requests ICIC information to other cells. The requested cells respond by conveying the coordinating results  based on collected information. The centralized coordination may be useful if star-like network topology and non-ideal backhaul exist among cells.
If distributed coordination is used, one possible way is that each cell broadcasts information to neighboring cells in one time period and collects information from other cells in other time periods. Based on that information, each cell can adjust its time/frequency/power resource to avoid generating very adverse interference to neighboring cells. The distributed coordination may be useful if asymmetric network topology is used and somewhat fast backhaul is available.

Depending on the network topology and backhaul requirements, both schemes can have benefits. Further study and additional evaluations will be needed for multi-cell coordination.
Proposal 3: Both centralized and distributed coordination can be considered for eICIC enhancement evaluations.
CSI feedback
In Rel-11, a UE can be configured to perform multiple CSI/interference measurements. One approach is to configure two subframe sets within a single CSI process and a single IMR. Another approach is to configure multiple CSI processes with different IMRs. As a consequence of the dense small cell scenario, the design needs to consider the fact that the dominant interferer can be either one or more small cells in the same cluster, a macro cell, or even both. It may not be sufficient to measure different interference levels with two subframe-set. Relying on multiple IMR resources (or multiple CSI processes with different IMRs) can be one possible way to measure more than two interference levels but it is limited to UEs that support multiple CSI processes. Another alternative is to consider supporting more than two subframe sets. Note that there is ongoing discussion on a similar matter in the context of eIMTA+ICIC. It may be useful to discuss enhancement of CSI measurement schemes together with eIMTA and eCoMP.
Proposal 4: Enhancement to CSI measurements should be studied together with ones for eIMTA and eCoMP
3 Conclusion
This contribution considered aspects of inter-cell interference coordination in dense small cell scenarios and proposes the following:

Proposal 1: Study backhaul requirements as a first step in determining whether to support faster adaptation rate for ICIC.

Proposal 2: Frequency/time/power resource should be jointly considered in order to maximize the benefits of interference coordination in SCE.
Proposal 3: Both centralized and distributed coordination can be considered for eICIC enhancement evaluations.
Proposal 4: Enhancements to CSI measurements should be studied together with ones for eIMTA and eCoMP.
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