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1. Introduction

Since heterogeneous networks are composed of various cells (macrocell, microcell, picocell, femtocell, hotzone and relay) having different coverage, interference from heterogeneous nodes has significant impact to the performance (throughput, coverage, spectrum efficiency and etc.) of the overall networks [1]. Hence, efficient interference management (avoidance and/or mitigation) method is required.
In RAN4, interference scenarios were classified for HeNB (Home eNodeB) deployment where HeNB shares the whole or a part of the frequency band with MeNB (Macro eNodeB), and diverse interference management methods against each interference scenario were proposed [2]. Some companies proposed interference coordination schemes by using the network interface between HeNB and MeNB, and between HeNBs like X2 interface defined to MeNB [3-8]. Their simulation results demonstrated the effectiveness of interference control using HeNB network interface. On the other hand, RAN3 decided that X2 interface is not defined to LTE Rel.9 HeNB [9]. Toward LTE-Advanced, HeNB network interface and its effectiveness should be discussed.
In this contribution, we assume the HeNB network interface which can receive MeNB X2 signal, and propose DL (Down Link) network assisted ICIC (Inter-Cell Interference Coordination) based on RNTP (Relative Narrowband Tx Power) message transmitted by MeNB to the HeNB. In the performance evaluation, we focus on the effect of the RNTP message delay because HeNB has no high speed dedicated backhaul link and its receiving delay might be longer than that of MeNB. The proposed network assisted ICIC intends to coordinate the downlink interference from HeNB to UE connecting MeNB, called MUE (Macro UE).
2. DL Network Assisted ICIC
The proposed DL network assisted ICIC is described in this section. The basic concept is that if MeNB detects a MUE that is strongly interfered by HeNB, the MeNB sends an RNTP message to the HeNB via the network interface between MeNB and HeNB similar to X2 interface, and reserves some PRBs of the HeNB according to the RNTP message (see Figure 1). Each step of the proposed method is as follow.
1. MeNB monitors whether a MUE suffers strong interference from HeNB based on MUE measurement report. Notice that this contribution ignores an issue about the non CSG (Closed Subscriber Group) member UE measurement. In the current specifications, non CSG member UE does not measure RSRP from the CSG HeNB.
2. If the MUE that is strongly interfered by HeNB exists, the MeNB sends an RNTP message to the HeNB via the network interface between MeNB and HeNB. The RNTP message indicates the PRBs that are reserved to the MUE.
3. The HeNB must refrain from allocating those PRBs indicated by the RNTP message to the HUE.
4. The MeNB may preferably schedule those PRBs specified by the RNTP message to the MUE.

5. The MeNB sends a release message with RNTP message if the reserved PRBs are not needed.


[image: image27.bmp]
Figure 1: Schematic diagram of the DL network assisted ICIC

3. Simulation Model

Here we show the simulation conditions and HeNB deployment model in Tables 1-4. These follow the evaluation model agreed in RAN4 [10]. Note that only MUE distribution assumption is different from [10] (The different part is underlined in Table 3). Although RAN1 currently discuss the simulation model of heterogeneous networks, the results obtained in this simulation model may give us some insight into HeNB interference management.
Table 1: Macrocell system assumptions
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 3 sectors per site, reuse 1

	Number of sites
	7 (=21 sectors) with wrap-around

	Inter-site distance 
	500 m

	Carrier frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2 in [10]

	Log-normal shadowing standard deviation
	8 dB (see section 5.3 in [10])

	Shadowing correlation
	Between sites
	0.5 (fixed, see section 5.3 in [10])

	
	Between sectors
	1.0 (see section 5.3 in [10])

	Penetration loss (assumes UEs are indoors)
	20dB (see section 5.2 in [10])

	Antenna pattern (horizontal)

(For 3-sector sites with fixed antenna patterns)
	See section 5.1 in [10]

	Number of MeNB antennas
	2 Tx

	UE (MUE and HUE) antenna gain
	0 dBi

	UE (MUE and HUE) noise figure
	9 dBi

	Number of UE (MUE and HUE) antennas
	2 Rx

	Total MeNB Tx power
	46 dBm

	Inter-cell interference modelling
	Explicit modelling (all sectors occupied by UEs)

	Antenna bore-sight points toward flat side of cell
(For 3-sector sites with fixed antenna patterns)
	[image: image1]


	Traffic model
	Full buffer with 10 MUEs per sector
(MUE distribution is defined in Table 3)

	Minimum distance between UE (MUE and HUE)
and sector
	>= 35 m

	UE (MUE and HUE) speeds of interest
	3 km / h

	Fading model
	Ray based

	DL receiver type
	MMSE

	Number of symbols for PDCCH
	3


Table 2: HeNB system assumptions

	Parameter
	Assumption

	HeNB frequency channel
	Same frequency and same bandwidth as macro layer

	Minimum separation between UE (MUE and HUE) and HeNB
	20 cm

	Minimum separation between HeNB and MeNB
	35 m

	Number of HeNB antennas
	1 Tx

	HeNB antenna gain
	5 dBi

	Exterior wall penetration loss
	20 dB (See section 5.2 in [10])

	Path loss model
	See section 5.2 in [10]

	Log-normal shadowing standard deviation
	4 dB

	HeNB maximum Tx power
	20 dBm


Table 3: HeNB suburban modelling assumptions
	Parameter
	Value

	House size
	12 x 12 m

	House + lot size
	(12f) x (12f) m where f = sqrt(1+p)
and p is the ratio of outdoor HUE

	Probability of outdoor HUE
	10 %

	Number of active HUE per HeNB
	1

	House distribution
	Random uniform within macro coverage area, subject to minimum separation to MeNB and non-overlapping constraint
(Don’t allow house + lot to overlap)

	HUE distribution within house + lot
	Random uniform subject to minimum separation to HeNB

	HeNB distribution within house
	Random uniform

	MUE distribution
	Random uniform within macro coverage area, subject to minimum separation to MeNB. If a MUE is located within house, the MUE is indoors, othewise outdoors.


Table 4: Other simulation assumptions
	Parameter
	Value

	Carrier bandwidth
	10 MHz

	Scheduling algorithm (MeNB and HeNB)
	Proportional fairness

	Link to system mapping
	EESM, same 
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 value for all MCS


4. Simulation Results
Simulation results for the various RNTP message delays are shown in Figures 2-5. The HeNB density, which is the number of HeNB per macro sector, is set to 10 (The results of other HeNB densities are shown in appendix. Those results show almost same behavior).
For comparison, we also show the results of the conventional method where no restriction on PRB usage and transmission power is applied to HeNB, and the network assisted TPC (Transmission Power Control) proposed in [8], which algorithm is as follow (Notice that this algorithm might require new X2 signals between HeNB and MeNB).

1. MeNB monitors whether a MUE suffers strong interference from HeNB based on MUE measurement report. 
2. If the MeNB detects a MUE that is strongly interfered by a HeNB, the MeNB sends the decreasing ratio of HeNB transmission power to the HeNB via network in order to maintain SINR of the MUE at a certain level, taking into account the additional interference from the HeNB.
3. HeNB determines own transmission power according to the minimum value of the requests from MeNB.
4. If the MeNB does not need the suppression of HeNB transmission power, the MeNB sends a release message to the HeNB.
Figures 2 and 3 show that the average throughputs of MUE and HUE are almost same in all cases.
In Figure 4, the average throughput of MUE near HeNB is shown. The average throughput of the DL network assisted ICIC is clearly improved than that of the conventional method. Although the longer RNTP message delay degrades the average throughput of MUE near HeNB, the average throughput of the DL network assisted ICIC is much higher than that of the network assisted TPC and the conventional method. The proposed network assisted ICIC is superior to the other two methods even though the delay reaches 100ms.
Figure 5 shows that the average throughput of HUE near MUE degrades. This is because some PRBs are reserved for the MUE. However, the DL network assisted ICIC can maintain the average throughput of HUE near MUE at a high value than the network assisted TPC. It is because only a few MUEs are located near HeNB and a few PRBs are reserved to the MUE in the DL network assisted ICIC whereas all PRBs are restricted at low transmission power in the network assisted TPC.

As can be seen from the above mentioned results, the DL network assisted ICIC has good interference mitigation ability to MUE near HeNB and can keep the throughput of HUE near MUE at a high value even if the RNTP message delay becomes 100ms. In case that only a few HUE are located near HeNB, the DL network assisted ICIC can achieve the better performance than the network assisted TPC.
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Figure 2: Average throughput of MUE


Figure 3: Average throughput of HUE
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Figure 4: Average throughput of MUE near HeNB

Figure 5: Average throughput of HUE near MUE
6. Conclusions

In this contribution, assuming the network interface between HeNB and MeNB, we evaluated the interference management ability of the DL network assisted ICIC where MeNB detects the presence of significantly interfered MUE from HeNB, and sends the RNTP message to the HeNB to reserve PRBs for the MUE. The simulation result showed that the network assisted ICIC has good interference mitigation ability to MUE near HeNB and keeps the throughput degradation of HUE near MUE at a low level, even though the network signalling delay becomes long. It implies that the proposed DL network assisted ICIC is robust against network signalling delay and the network interface between HeNB and MeNB is quite useful for interference management. Therefore, we believe that RAN1 should discuss about the network interface between HeNB and MeNB, and between HeNBs for LTE-Advanced.
In the study of HeNB interference mitigation using the HeNB network interface, the following issues should be discussed.

· What signal is defined for HeNB network interface? : Same as MeNB X2 signal, subset of MeNB X2 signal or new signal.
· Effect of transmission delay should be investigated. 
· UE and HeNB measurement: non-CSG member UE doesn’t measure HeNB. The HeNB measurement should be investigated for HeNB interference control.
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Appendix

Figures A1-A4 respectively show average MUE throughput, average HUE throughput, average MUE nearby HeNB throughput and average HUE nearby MUE throughput for various HeNB densities. These figures show that the proposed DL ICIC works well for various HeNB densities. 
Figures A1 and A2 indicate the follow.

· The average MUE throughputs slightly decrease as HeNB density increases. The reason of these degradation is expected the increase of the interference from HeNB. The throughput degradation of the MUE that is strongly interfered by HeNB does not affect average MUE throughput because only a few MUEs are located near HeNB. 

· The average HUE throughputs are not sensitive to HeNB density in all methods. This is because 90% HUE are located within HeNB house and they are protected by the exterior wall which has 20dB penetration loss. 
Figures A3 and A4 show that almost same behavior is observed in various HeNB densities. This is because in this range of HeNB density, only a few MUEs are located near HeNB. However, the average HUE nearby MUE throughputs in Fig. A4 have somewhat large variation with respect to HeNB density. This might require more trials in the simulation. In general, the simulation of heterogeneous networks requires many trials to reach convergence.
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(a) HeNB density = 5



(b) HeNB density = 10
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(c) HeNB density = 15



(d) HeNB density = 20

Fig. A1: Average MUE throughputs
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(a) HeNB density = 5



(b) HeNB density = 10
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(c) HeNB density = 15



(d) HeNB density = 20
Fig. A2: Average HUE throughputs
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(a) HeNB density = 5



(b) HeNB density = 10
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(c) HeNB density = 15



(d) HeNB density = 20

Fig. A3: Average MUE nearby HeNB throughputs
[image: image19.emf]0

5000

10000

15000

20000

25000

Average HUE nearby MUE throughput [kbps]

NW Assisted ICIC

(5ms delay)

NW Assisted ICIC

(20ms delay)

NW Assisted ICIC

(100ms delay)

NW Assisted TPC

Conventional

[image: image20.emf]0

5000

10000

15000

20000

25000

Average HUE nearby MUE throughput [kbps]

NW Assisted ICIC

(5ms delay)

NW Assisted ICIC

(20ms delay)

NW Assisted ICIC

(100ms delay)

NW Assisted TPC

Conventional


(a) HeNB density = 5



(b) HeNB density = 10
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(c) HeNB density = 15



(d) HeNB density = 20

Fig. A4: Average HUE nearby MUE throughputs
Figure A5 shows the UE throughputs for various priorities (PRB reservation periods) which might be determined with scheduling policy. 
The average MUE nearby HeNB throughputs in Fig. A5 (c) depend on the values of priority and delay. This means that the quest of optimal scheduling policy might be required with respect to HeNB network interface delay.
[image: image23.emf]0

200

400

600

800

1000

1200

1400

1600

Average Macro UE throughput [kbps]

ICIC (100ms priority,

5ms delay)

ICIC (300ms priority,

5ms delay)

ICIC (500ms priority,

5ms delay)

ICIC (100ms priority,

20ms delay)

ICIC (300ms priority,

20ms delay)

ICIC (500ms priority,

20ms delay)

ICIC (100ms priority,

100ms delay)

ICIC (300ms priority,

100ms delay)

ICIC (500ms priority,

100ms delay)

Conventional

[image: image24.emf]0

5000

10000

15000

20000

25000

Average Home UE throughput [kbps]

ICIC (100ms priority,

5ms delay)

ICIC (300ms priority,

5ms delay)

ICIC (500ms priority,

5ms delay)

ICIC (100ms priority,

20ms delay)

ICIC (300ms priority,

20ms delay)

ICIC (500ms priority,

20ms delay)

ICIC (100ms priority,

100ms delay)

ICIC (300ms priority,

100ms delay)

ICIC (500ms priority,

100ms delay)

Conventional


(a) Average MUE throughput


          (b) Average HUE throughput
[image: image25.emf]0

200

400

600

800

1000

1200

1400

Average MUE nearby HeNB throughput [kbps]

ICIC (100ms priority,

5ms delay)

ICIC (300ms priority,

5ms delay)

ICIC (500ms priority,

5ms delay)

ICIC (100ms priority,

20ms delay)

ICIC (300ms priority,

20ms delay)

ICIC (500ms priority,

20ms delay)

ICIC (100ms priority,

100ms delay)

ICIC (300ms priority,

100ms delay)

ICIC (500ms priority,

100ms delay)

Conventional

[image: image26.emf]0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

Average HUE nearby MUE throughput [kbps]

ICIC (100ms priority,

5ms delay)

ICIC (300ms priority,

5ms delay)

ICIC (500ms priority,

5ms delay)

ICIC (100ms priority,

20ms delay)

ICIC (300ms priority,

20ms delay)

ICIC (500ms priority,

20ms delay)

ICIC (100ms priority,

100ms delay)

ICIC (300ms priority,

100ms delay)

ICIC (500ms priority,

100ms delay)

Conventional


(c) Average MUE nearby HeNB throughput


(d) Average HUE nearby MUE throughput

Fig. A5: UE throughputs for various priorities (PRBs reservation period). HeNB density = 10.
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