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1. Introduction

For a small cell deployment, one of the major challenges is interference coordination. Based on the agreed assumptions in [1], Rel-12 candidate technologies for small cell enhancement (SCE) are to be evaluated toward the completion of the SCE study. The SCE study item description (SID) states the following. 
· 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 present our views on interference avoidance/coordination schemes for small cell deployment. We present the initial evaluation results for inter-cell interference coordination (ICIC) among small cells. 
2. Methods for Interference Coordination
Enhanced ICIC (eICIC) was introduced in Rel-10/11. The eICIC scheme is a time domain interference coordination scheme to reduce the co-channel interference from macro cells to pico cells. Almost blank subframes (ABS) are configured on the macro layer to protect the pico users offloaded to pico cells due to cell range expansion (CRE). Although eICIC is optimized for such a one-dominant-interferer scenario, the ABS technique in a dense small cell scenario would also be useful. 
In dense deployment of small cells, a UE in a small cell may have several dominant interferers. In addition, the traffic loads between small cells are quite unbalanced. Therefore, different ABS ratios and ABS patterns should be configured for different small cells considering the traffic load or number of users. A simple example of an ABS configuration among small cells is shown in Fig. 1.
In Fig. 1, we assume that cells 1 and 3 are dominant interferers to each other, and cells 2 and 3 are dominant interferers to each other. It is better to assign orthogonal time resources for interfering cells. In this way, small cells can benefit from restricted transmission resources. 
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Figure 1 – ABS configuration among small cells
3. Preliminary Evaluation Results
System-level simulations were conducted to evaluate the gains from ICIC among small cells in terms of the UE throughput performance. Table A-I in the Annex shows the simulation conditions [1]. The full-buffer traffic model with 30 UEs per cluster is assumed. File transfer protocol (FTP) model 1 in [2] is used for the finite buffer traffic model.  In this evaluation, we used two types of UE distribution models in order to investigate the impact of the UE distribution on the effect of ICIC as shown in Fig. 2. In Case 1, UEs are uniformly and randomly dropped within a radius of 70 m as described in the agreed evaluation assumption [1]. In Case 2, the radius of the cluster is set to 30 m to model a non-uniform traffic distribution. 
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Figure 2 – UE distribution models used in the evaluations.
Fig. 3 shows the probability density function (PDF) of the decided ABS ratio for small cells. The ABS ratio of 1.0 means that these small cells have no connected UEs. We observe that a large proportion of the small cells do not perform ICIC and have the ABS ratio of 0. For a non-uniform traffic distribution, however, the probability of an ABS ratio other than 0 and 1 being used is increased compared to a uniform traffic distribution.
Fig. 4 shows the cumulative distribution function (CDF) of the SINR for scheduled users. The SINR curves for uniform traffic and non-uniform traffic are similar to each other. The SINR of the ICIC in ABS is 3 dB higher than that without ICIC. The overall SINR of the ICIC is 0.5 dB higher than that without ICIC.
Table I shows the average, 5%, and 50% UE throughput performance with full buffer traffic. For uniform traffic, the gain in the 5% and 50% UE throughput from ICIC is significant. For non-uniform traffic, a larger 5% and 50% UE throughput from ICIC is observed compared to that in the uniform traffic. On the other hand, the uniform traffic exhibits a slight performance loss in the cell average throughput while the non-uniform traffic exhibits larger performance degradation. 
Table II shows the average, 5%, and 50% UE throughput performance with finite buffer traffic. In the simulation, the UE arrival rate is assumed to be 12 UEs/s and the corresponding resource usage (RU) is approximately 0.31~0.37. For both uniform traffic and non-uniform traffic, ICIC provides some performance gains in the 5% UE throughput. Although further evaluations are needed, the ICIC could be specified for the SCell if there is a gain for the small cell layer.
Observation: ICIC can provide some performance gain for small cell deployment. 
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(a) Uniform traffic
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Figure 3 – PDF of the ABS ratio
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Figure 4 – CDF of the SINR for scheduled users
Table I – System Throughput of Interference Coordination in Full Buffer Traffic.
(a) Uniform Traffic 
	
	5% UTP
	Gain (%)
	50% UTP
	Gain (%)
	Average UTP
	Gain (%)

	Baseline
	0.78
	0
	2.82
	0
	3.68
	0

	ICIC
	0.92
	17.9
	2.94
	4.3
	3.57
	-3.0


(b) Non-Uniform Traffic
	  
	5% UTP
	Gain (%)
	50% UTP
	Gain (%)
	Average UTP
	Gain (%)

	Baseline
	0.49
	0
	1.89
	0
	2.72
	0

	ICIC
	0.62
	26.5
	2.02
	6.9
	2.52
	-7.4


Table II – System Throughput of Interference Coordination in Finite Buffer Traffic.
(a) Uniform Traffic 
	RU = 0.31
	5% UTP
	Gain (%)
	50% UTP
	Gain (%)
	Average UTP
	Gain (%)

	Baseline
	4.01
	0
	13.38
	0
	18.58
	0

	ICIC
	4.09
	2.0
	13.56
	1.3
	18.74
	2.2


(b) Non-Uniform Traffic
	RU = 0.37  
	5% UTP
	Gain (%)
	50% UTP
	Gain (%)
	Average UTP
	Gain (%)

	Baseline
	1.12
	0
	5.59
	0
	8.58
	0

	ICIC
	1.17
	4.5
	5.63
	0.7
	8.61
	0.3


4. Considerations on DL TPC
As another approach for ICIC, DL transmission power control (TPC) can be utilized to change the cell size considering the traffic load among small cells as shown in Fig. 5. An extreme case for the DL TPC is not transmitting any DL signal by deploying a new carrier type (NCT) or by applying the dormant mode. Similar gains from DL TPC are to be expected.
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Figure 5 – DL TPC
When DL TPC is applied, a measurement mechanism for the RSRP, RSRQ, and path-loss for UL TPC should be investigated. We assume that the cell association is the same for the DL and UL transmission. The following measurement mechanisms are considered.
· Method 1: No power adjustment for the measurement subframes (Fig. 6(a)) 
· The DL Tx power is not adjusted to the subframes for the measurement, e.g., 0th and 5th subframes for NCT while DL Tx power is adjusted in other subframes.

· When a large power reduction is applied in neighboring cells and the coverage of a UE is expanded as shown in Fig. 6(a), the UE may not be able to receive the DL RS for measurement. In such a case, the discovery signal studied in the SI would be beneficial for accurate measurement in addition to the enhanced cell detection.

· The UE may not need to know information on the DL Tx power and this method would be suited to dynamic DL TPC. The UE will calculate the RSRP, RSRQ, and path-loss for UL TPC using the measurement subframes without DL Tx power adjustment. 

· The RSRP can be adjusted at the eNodeB since it knows information regarding the DL Tx power.

· It is not clear how the RSRQ is adjusted at the eNodeB.

· Method 2: Power adjustment for the measurement subframes (Fig. 6(b))
· The DL Tx power is adjusted to all the subframes.

· The UE may need to know information regarding the DL Tx power for calculating the path-loss for the UL TPC. In this case the time scale of the DL TPC is very important. If dynamic DL TPC is found to be effective and is to be supported, a mechanism to signal information regarding the DL Tx power needs to be further investigated.
Proposal 1: Time scale of the DL TPC providing gains should be investigated.

Proposal 2: A mechanism for the measurements should be further investigated considering the time scale of the DL TPC.
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(a) No power adjustment for measurement subframes
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(b) Power adjustment for measurement subframes

Figure 6 – DL TPC for measurement
5. Conclusion
In this contribution, we presented our views on interference avoidance/coordination schemes for small cell deployment. Based on our evaluation results for ICIC among small cells, we observed the following.
Observation: ICIC can provide some performance gain for small cell deployment. 
We also discussed the potential issues regarding the DL TPC and made the following proposals for further studies.
Proposal 1: Time scale of the DL TPC providing gains should be investigated.

Proposal 2: A mechanism for the measurements should be further investigated considering the time scale of the DL TPC.
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Annex

Table AI – Simulation Conditions

	Parameters
	Assumptions

	Cell deployment
	Hexagonal grid, 3 sectors per site, scenario 2a;

Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Total BS TX power
	30 dBm

	Distance-dependent path loss/penetration/shadowing
	ITU UMi with 3D distance

	Small cell number
	1 cluster per macro sector, 10 small cells per cluster;

	Traffic model
	Full buffer/ FTP traffic model 1, 0.5 M

	UE distribution
	100% small cell UEs and 20% outdoor and 80%indoor

	UE receiver
	MMSE-IRC

	UE moving speed
	3 km/h

	Antenna configuration
	2x2, CPA

	MIMO scheme
	Single point transmission with SU-MIMO,

Rank adaptation up to rank 2

	Control delay
	6 ms

	CSI-RS channel estimation
	Non-ideal without a priori PDP information

	DM-RS channel estimation
	Non-ideal 

	Overhead
	PDCCH (2 symbols), DMRS (12 REs per RB), CRS (2 ports in 4/10 non-MBSFN subframes)
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