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1 Introduction

This contribution introduces an interference coordination method that deals with the downlink interference between HeNBs.
2 Frequency Partitioning Mode
The interference coordination method is based on frequency partitioning. The following frequency partitioning modes can be adopted:
· Mode 1: The total available spectrum (e.g., 10MHz) operates as a single carrier and is divided into multiple subbands.

· Mode 2: The total available spectrum (e.g., 10MHz) is divided into multiple carriers (e.g., 2×5MHz).

In Mode 1, a BS or UE can work on multiple subbands simultaneously. In Mode 2, a BS or UE can work on multiple carriers using carrier aggregation. Control channel interference coordination cannot be performed directly in Mode 1. The following interference coordination method, which focuses on the coordination of data channel, is applicable to both Mode 1 and 2.
3 Interference Coordination Method
The interference coordination process is divided into the following two steps.
3.1 Step 1: Orthogonal frequency partitioning (OFP)
In this step, the available spectrum is divided into multiple carriers (or subbands) and shared by all the HeNBs on a nonoverlapping basis. When a HeNB is powered on, it measures the RSRP of the surrounding HeNBs and determines the set of HeNBs that are likely to have an interfering relationship with it by checking whether the RSRP is above a certain threshold. Then, the HeNB will be assigned those carriers (or subbands) that are nonoverlapping with its interfering HeNBs. The assignment can be determined by the HeNB itself or by the HMS. The carriers used by its interfering HeNBs may be changed or not according to different algorithms. The carriers (or subbands) that are assigned to the HeNB in this step are referred to as its orthogonal carriers (or subbands), and the HeNB has a priority in their usage. This usage priority is reflected in the next step of the interference coordination process. 
3.2 Step 2: Adaptive frequency reuse (AFR)
In this step, a HeNB i decides whether it can share the orthogonal carriers (or subbands) of its interfering HeNBs based on the geometry of its HUEs. Assume the simplest case where there is only one HUE associated with a HeNB, where the HUE and HeNB share the same index for notation simplicity. The HUE i measures the RSRP of its serving HeNB i and also the RSRPs of its interfering HeNBs. Then, if the serving HeNB i uses an orthogonal carrier (or subband) k of its interfering HeNBs, the SINR of HUE i on carrier (or subband) k can be calculated as: 
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where 
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represents the set of interfering HeNBs which currently uses the carrier (or subband) k. 
[image: image3.wmf]k

Y

 is consisted of those HeNBs in 
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whose orthogonal carriers (or subbands) include k and also those HeNBs in 
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 whose orthogonal carriers (or subbands) do not include k but are currently using it (these HeNBs have gone through the adaptive frequency reuse process before HeNB i). 
If the SINR of HUE i is above a certain threshold, HeNB i decides it can use the carrier (or subband) k. It then sends frequency reuse request to those HeNBs in 
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 which are currently using carrier (or subband) k. When a HeNB 
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 receives the frequency reuse request, it can calculate the SINR of its associated UE j on carrier (or subband) k (SINRkj), assuming that this carrier (or subband) is granted to HeNB i using a similar equation as (1), where the RSRPserving and RSRPinterfering are with respect to HeNB j.  If the SINR of the HUE j is above a certain threshold, HeNB j decides that carrier (or subband) k can be granted to HeNB i. It then sends a frequency reuse permission to HeNB i. Else, it sends a frequency reuse denial to HeNB i. 
For further optimization of system performance in terms of spectrum efficiency and fairness, additional information of HeNB i may be carried in the frequency reuse request message, e.g., its current throughput, the amount of throughput increase if the requested carrier (or subband) is granted to it, or any related utility metrics. HeNB j can then make its decision on the permission/denial of the requested carrier based on this information. For example, HeNB j can refuse the frequency reuse request of HeNB i even if the SINR of HUE j is above a certain threshold, given that the current throughput of HeNB i is already much larger than HeNB j without the requested carrier (or subband).
If HeNB i receives the frequency reuse permissions from all the HeNBs in
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, it can start to use carrier (or subband) k, which is referred to as its reuse carriers (or subbands). Else, it must not use this carrier (or subband). Fig. 3.1 illustrates the above process. Assume there are five carriers (or subbands) in total, where ‘O’ stands for orthogonal carriers (or subbands) while ‘R’ stands for reuse carriers (or subbands). After HeNB (g) is powered on and has selected its orthogonal carriers (or subbands), it examines whether it can reuse the rest of the carriers (or subbands) with its neighbors. Fig. 3.1 shows the signalling process for reusing the second carrier (or subband).
The UEs periodically measure the RSRPs of its serving HeNB and interfering HeNBs. If a HeNB 
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 finds out after a period of time that its HUE SINR on carrier (or subband) k  (SINRkj) is below a certain threshold, possibly due to the change of its UE location, it examines whether carrier (or subband)  k is its orthogonal carrier (or subband) or not. If so, HeNB 
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 sends a frequency reuse withdraw signalling to one or more HeNBs 
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 whose orthogonal carrier (or subband) does not include k but are currently using it. If these HeNBs receive the frequency reuse withdraw signalling, it must stop using carrier (or subband) k. On the other hand, if carrier (or subband) k is not the orthogonal carrier (or subband) of HeNB j (
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), it will have to stop using this carrier (or subband). 
On the other hand, if a HeNB 
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originally sends a frequency reuse denial to HeNB i, and after a period of time it finds out that its HUE SINR on carrier (or subband) k  (SINRkj) is above a certain threshold even if carrier (or subband) k is granted to HeNB i. This is possibly due to the change of the orthogonal/reuse carriers (or subbands) of the interfering HeNBs of HeNB j. In this case, HeNB j will send a frequency reuse permission to HeNB i. If HeNB i can still use carrier (or subband) k according to its own HUE SINR condition at this time, it can send frequency reuse request to other interfering HeNBs in
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.
When the orthogonal/reuse carriers (or subbands) of a HeNB are changed, it notifies its interfering HeNBs about this change. Also, a HeNB can periodically notify its interfering HeNBs about its orthogonal/reuse carriers (or subbands). If HeNB j does not receive the notification of its interfering HeNB i beyond a certain period of time, it will consider HeNB i as power down. The change of interfering HeNBs’ orthogonal/reuse carriers (or subbands) can trigger the above two steps for a HeNB.
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Fig.3.1 Adaptive Frequency Reuse Process
4 Motivation for the Request/Grant Mode Coordination

The proposed coordination method adopts the request/grant interaction mode between HeNBs. The motivation is as follows:
1. When HeNB i wants to use a carrier (or subband) that is currently used by HeNB j, only HeNB j has the knowledge of the exact SINR degradation that will be caused by this frequency reuse action based on its HUE measurement. Therefore, it is only reasonable for HeNB i to consult HeNB j on whether the frequency reuse action is acceptable or not.
2. The total available carriers (or subbands) are divided into orthogonal and reuse carriers (or subbands) for each HeNB. Each HeNB i has priority in the usage of its orthogonal carriers (or subbands), in that if other HeNBs want to use these orthogonal carriers (or subbands), they have to get the permission of HeNB i. Also, if HeNB i finds that the link quality on its orthogonal carriers (or subbands) is below a certain threshold, it can force the other HeNBs to stop using these carriers (or subbands) by the frequency reuse withdraw message. In this way, the system is more controllable, in that each HeNB can guarantee its SINR performance on its orthogonal carriers (or subbands), while it can also try to improve its throughput performance by the reuse carriers.
5 Simulation Results

The simulation parameters mostly follow the evaluation methodology document in [2] with the following specific parameters listed in Table 2.1 and 2.2. 
Table 4.1 System simulation parameters
	Parameter
	Femto cell

	Cellular Layout
	Urban dual-strip 

	Carrier Frequency
	2000 MHz

	Shadowing standard deviation
	3dB for LOS Link between HeNB and HeNB UE; 4dB for NLOS Link between HeNB and HeNB UE

	Exterior wall penetration loss 
	20 dB

	Antenna pattern
	omnidirectional

	BS antenna gain after cable loss
	0 dBi

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE noise figure
	9 dB

	Maximum BS TX power per carrier
	17 dBm

	Carrier bandwidth
	5 MHz × 3

	Minimum distance between UE and HeNB
	1 m


Table 4.2 Urban dual-strip parameters
	Parameter
	Urban

	L (number of floors per block)
	6

	R (deployment ratio)
	0.2, 1

	P (activation ratio)
	50% 

	Number of active HUEs per femto-cell
	1


The femto path loss model 2 from UE to HeNB for dual-strip deployment in [1] is used. Assume there are three 5MHz carriers. When only step 1 (OFP) is used, a HeNB chooses one or more carriers that is orthogonal with its interfering HeNBs. When step 2 is used in addition to step 1 (OFP+AFR), a HeNB can use the other carriers if the HUE SINRs of itself and its interfering HeNBs are acceptable. Table 3.3 shows the average and cell edge throughput, while Fig. 4.2 and 4.3 show the HUE SINR and throughput CDF curves when the proposed interference coordination method is used (OFP+AFR) or not (Reuse one). It can be observed that OFP+AFR achieves approximately the same average cell throughput and larger cell edge throughput compared to reuse one.
Table 4.3 Average femto cell throughput under different frequency partitioning configuration

	Frequency Partitioning Configuration
	Average cell throughput (Mbps)
	5% Cell-edge throughput (Mbps)

	
	R=0.2
	R=1
	R=0.2
	R=1

	Reuse one
	71.6524
	34.7670
	17.9980
	5.5369

	OFP+AFR
	73.0171
	33.0014
	24.0010
	8.7864
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(a) R=0.2                                                                           (b) R=1
Fig.4.2 HUE SINR CDF
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(a) R=0.2                                                                       (b) R=1
Fig.4.3 HeNB throughput CDF

6 Conclusion
In this contribution, we introduce an interference coordination method between HeNBs. Simulation results show that this method can achieve better performance than a simple frequency reuse one scenario, especially in terms of the cell edge throughput. Furthermore, each HeNB can guarantee its performance on its orthogonal carriers (or subbands) since its interfering HeNBs can only use these carriers (or subbands) with its permission.
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