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1. Introduction

For the dense small cell deployment scenarios studied in Rel-12, one of the major challenges is severe interference. Based on the agreed assumptions in [1], Rel-12 candidate technologies for small cell enhancement (SCE) need to be evaluated. At the RAN1#73 meeting, the following observation was captured for small cell inter-cell interference coordination (ICIC).
Observations / next steps:

Proposals need to identify clearly the specification impacts on X2 signalling and eNB/UE behaviour. 

Continue evaluation until RAN1#74. 

In this contribution, we present our views on interference avoidance/coordination schemes for small cell deployment. We present evaluation results for ICIC among small cells and conclude with the potential specification impacts. 
2. Time Domain Interference Coordination
In Rel-10/11 enhanced ICIC (eICIC), 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 Rel-10/11 eICIC is optimized for a one-dominant-interferer scenario, the ABS technique in a dense small cell scenario would also be useful. 
In a 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 could be configured for different small cells considering the traffic load or number of users. Here, a time domain interference coordination method is introduced as follows.

· Step 1: The macro eNB decides the small cells that need to perform ABS. 
· The target of this step is to find the small cells that impart severe interference to neighboring cells. These small cells are selected to perform ABS to improve the SINRs of UEs in the neighboring cells. More specifically, if the reported RSRP of a small cell is within a threshold, e.g. 6dB, compared to that of the serving cell, this cell is regarded as an interfering cell and needs to perform ABS.
· Step 2: The macro eNB calculates the muting ratios for the cells with ABS. 
· The muting ratio is used to define how many subframes the cell needs to blank. The decision is made according to the resource utilization or the number of UEs in each interfering cell. The basic principle is that, the higher resource utilization or UE number the cell has, the lower muting ratio there should be. More specifically, the ABS ratio of a small cell is defined as 1 – the resource utilization of that cell / average resource utilization among the small cells.
· Step 3: The macro eNB designs the muting pattern based on the muting ratio. 
· In order to cancel the interference to/from the neighboring cells, the ABS pattern should be well coordinated. The following principles should be used.
· Normal subframe pattern among interfering cells should be orthogonal as much as possible.

· If the orthogonality could not be satisfied, select the least-interfered subframes as normal subframe.

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 the dominant interferers to each other, and cells 2 and 3 are dominant interferers to each other. Orthogonal time resources for interfering cells are assigned. In this way, the small cells can benefit from restricted transmission resources. 
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Figure 1 – Time domain coordination among small cells
3. Frequency Domain Interference Coordination

Multiple component carriers (CC) are applied to the small cells to provide more radio resources in the frequency domain. However, if all the CCs are configured for every cell, severe interference will exist in each CC. In addition, power consumption and scheduling complexity for the cell with multiple CCs will be increased significantly. In order to reduce the inter-cell interference and ease the effort of scheduling, smart CC-level coordination should be investigated. We note that the CCs in small cells are denoted as secondary cells (Scells) and one of the Scells is denoted as the primary Scell (PScell). The proposed method is outlined as below.
· Step 1. Orthogonal Primary Scell (PScell) between small cells.
· The target of this step is to reduce the inter-cell interference. A different CC is selected as the PScell for a different geographical area in the same way as in a frequency reuse cellular deployment. The PScell selection is performed in two ways depending on the real network deployment, i.e., based on macro eNB assistance or based on the location information of the small cells.
· Coordination between small cells is based on the following
· Information exchange

· Monitoring the interference using a DL receiver if the small cell is equipped with it
· Step 2. Addition of a Secondary Scell (SScell) for a specific UE.
· The target of this step is to ensure a high throughput for the UE with high channel quality. This target is achieved by assigning additional resources while avoiding the unnecessary addition of a CC which may cause interference. More specifically, the criterion for adding an SScell for a UE is given below.
· Reference Signal Receiving Quality (RSRQ) of the SScell is higher than a threshold.

A demonstrative example of the CC-level coordination is shown in Figure 2. Here, the “Central UE” represents the UE with a high RSRQ value and the “Edge UE” represents the UE with a low RSRQ value. The Central UE can enjoy additional resources while the Edge UE cannot benefit from the SScell because it does not want to generate inter-cell interference to UEs in other cells.
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Figure 2 - CC-level coordination among small cells.
4. Evaluation Results
System-level simulations were conducted to evaluate the gains from different ICIC schemes among small cells in terms of the UE throughput performance. Table AI in the Annex gives the simulation conditions [1]. File transfer protocol (FTP) model 1 in [2] is used for the finite buffer traffic model. CRS interference [3] is considered in the evaluation. 
Table I shows the 5%, 50%, and 95% UE throughput performance of time-domain ICIC with different traffic loads. The small cell UE ratio is approximately 85%-86% for these three traffic loads with 6 dB RSRQ bias. In the simulation, we found that there are approximately 2.5%, 3%, and 4% of the small cells applying ABS for load 12, 16, and 20, respectively. In Table I, time domain ICIC achieves a significant 5% UE throughput gain. We note that a larger gain is achieved for a medium-to-high traffic load than that for a low-traffic load. 
Observation 1: Time domain ICIC is able to provide clear performance gains for cell edge UEs for small cell deployments. 
Table I – System Throughput of Time Domain Interference Coordination with One CC per Small Cell
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In order to evaluate the performance of the frequency domain interference coordination, we further added one carrier to the small cells in addition to the previous assumptions. Table II shows the corresponding results. The small cell UE ratio is approximately 90% for all cases, which is higher than the case of a single carrier in a small cell. The reason for this is that more UEs are “offloaded” to small cells to take advantage of the more abundant resources. According to the results, we observed that CC-level coordination is beneficial for the system in terms of both cell edge UEs and cell average UEs, especially for low and medium traffic loads (RU = 15%~40%). For a high traffic load, some performance loss is observed for the cell edge UEs. This is due to the fact that the same RSRQ threshold for SScell addition is used for all traffic load cases. If the RSRQ threshold is adjusted according to different traffic loads, the gains would still be expected.

Observation 2: Frequency domain ICIC (CC-level) could provide clear gains for both cell edge UEs and average UEs in small cell deployments.
Table II – System Throughput of Frequency Domain Interference Coordination with Two CCs per Small Cell 
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5. Potential Specification Impact
· Specification Impact on Time Domain ICIC

According to the results in Section 4,  we observed that the performance gain in the UE throughput is achievable by “blanking” or “muting” some of the small cells in the time domain, frequency domain or both when the small cell is imparting severe interference to neighboring cells. For Rel-10/11 eICIC, the macro eNBs perform ABS and restricted subframe measurement is supported on the Pcell only. However, if the small cells need to perform ABS, and the small cells are the Scells for UEs, e.g., CA for macro-small cell scenario, restricted subframe measurement should be supported on the Scell. Toward the completion of the SCE study item, we propose the following.
Proposal 1: Restricted subframe measurement should be support on Scell to support time domain ICIC on Scell. 
· Specification Impact on Frequency Domain ICIC

CC-level coordination described in Section 3 can be regarded as an extension of the small cell on/off scheme for multiple carrier operations. Therefore, the specification impacts of supporting small cell on/off schemes can be directly applied to CC-level coordination. For efficient operation of CC-level coordination, it is highly desired to perform measurement of both active and inactive CCs. For the single carrier case, i.e., small cell on/off, it is shown in [4] that a burst transmission of the DL RS is beneficial for such measurement. More specifically, an efficient discovery mechanism using a discovery signal has many advantages in terms of the detection probability and intra-/inter-frequency measurements [5]. In addition, a measurement mechanism for multiple carrier operations in a small cell should be established, e.g., whether or not to perform measurement for multiple carriers or for one of multiple carriers, as discussed in [6]. Therefore, we propose the following. 
Proposal 2: An efficient discovery mechanism for multiple carrier operations in a small cell should be supported in Rel-12.
6. Conclusion
In this contribution, we presented our views on interference avoidance/coordination schemes for small cell deployment. Based on our evaluation results for time and frequency domain ICIC among small cells, we observed the following.
Observation 1: Time domain ICIC is able to provide clear performance gains for cell edge UEs for small cell deployments. 
Observation 2: Frequency domain ICIC (CC-level) could provide clear gains for both cell edge UEs and average UEs in small cell deployments.
In order to support time and frequency domain ICIC among small cells, we propose the following.

Proposal 1: Restricted subframe measurement should be support on Scell to support time domain ICIC on Scell.
Proposal 2: An efficient discovery mechanism for multiple carrier operations in a small cell should be supported in Rel-12.
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Annex

Table AI – Simulation Conditions

	Parameters
	Assumptions

	
	Macro cell
	Small cell

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

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

	System bandwidth per carrier 
	10 MHz

	Number of carriers
	1
	2

	Carrier frequency
	2.0 GHz 
	3.5 GHz

	Total BS TX power
	46 dBm
	30 dBm

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

	Number of small cells
	1 cluster per macro sector, 10 small cells per cluster;

	Traffic model
	FTP traffic model 1, 0.5 Mbytes

	UE distribution
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Cell selection criteria
	RSRP for intra-frequency and RSRQ for inter-frequency, with cell common bias if CRE is applied.

	UE receiver
	DMRS based Wishart-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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