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1 Introduction

In this paper, we present our simulation results to exhibit the performance of indoor UE with/without HeNBs and the interference between LTE macrocells and HeNBs.
2 Simulation assumptions 
The assumptions are following those agreed by RAN4 for defining FDD HeNB RF requirements [2]. Two models were proposed in the agreed RAN4 HeNB assumptions. One is Suburban Modeling, and the other is Dense HeNB Deployment Modelling. The Dense HeNB Deployment dual stripe model, which is more challenging for HeNB deployment, is choosed in this contribution. Other assumptions such as propagation models refer to [2]. And macrocell/femto system assumptions are introduced in table 1 and table 2. 
Table 1. Macrocell system assumptions [1]
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site.

	Inter-site distance
	500m 

	Number sites
	19 (=57 cells) with optional wrap-around.

	Carrier Frequency
	2000 MHz

	Shadowing standard deviation
	8 dB 

	Shadowing correlation
	Between cells
	0.5 

	Penetration Loss 
	20dB 

	BS antenna gain after cable loss
	14 dBi

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Traffic model
	Full buffer initially with 10 UEs per sector

	UE distribution
	UEs dropped with uniform density over entire coverage area, subject to a minimum separation to macro and femto BSs..

	Minimum distance between UE and cell
	>= 35 meters

	UE speeds of interest
	3 km/h

	Fading model
	Ray based 

	DL Receiver Type
	MMSE (multiple streams)

	Scheduler
	RR(Round Robin)


Table 2. HeNB system assumptions

	Parameter
	Assumption

	Femto Frequency Channel
	Either same frequency and same bandwidth as macro layer, or adjacent channel and same bandwidth as macro layer

	Min separation UE to femto BS
	20 cm

	Number Tx antennas femto BS
	2 

	Exterior wall penetration loss
	10 dB 

	Interior path loss model
	Appendix

	Interior to Exterior path loss model
	Appendix

	Log-normal shadowing standard deviation
	4dB

	Min/Max Tx power femto BS
	0/20 dBm

	Carrier bandwidth
	10 MHz


3 HeNB Deployment modelling 

In a dense-urban HeNB modelling, each block represents two stripes of apartments, each stripe has 2 by N apartments (N is 10 in the example illustrated in Figure 1). Each apartment is of size 10m X 10m. There is a street between the two stripes of apartments, with width of 10m.  Each HeNB block is of size 10(N+2)m X 70m. This is to make sure that the HeNBs from different HeNB blocks are not too close to each other. In each macro cell sector, one or several HeNB blocks are dropped randomly. It is assumed that the HeNB blocks are not overlapping with each other.  
Table 3. Urban-dense HeNB modelling parameters of Dual Stripe Model
	N (max number of cells per row )
	10

	M (number of blocks per cell)
	1

	L (number of floors per block)  
	6

	R (deployment ratio * (activation ratio ))
	0.1

	Femto UE number per active HeNB
	1

	Probability of macro UE being indoors
	80%
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 Figure 1. A HeNB block of Dual Stripe Model
4 Simulation Results
4.1 UE and HeNB distribution
UE and HeNB are dropped randomly，and figure 2 shows the position as below：
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Figure 2. Network TOPO

Note: “*” -- Macro UE; “.” – Femto UE;
4.2 Interference of HeNB to Macro cell

The performance of indoor Macro UE with/without femto are shown in figure 3 and table 4.
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Figure 3. Indoor Macro UE Geometry CDF
In order to exhibit the interference of femto to Macro cell，we present Average spectrum efficiency of the center 3 Macro cells：

Table 4. Average spectrum efficiency of different scenario
	Ant. Config
	Average spectrum efficiency
[bps/Hz/cell]

	DL
2x2
	without femto
	1.02

	
	with femto
	0.42


With the RAN4 contribution’s scenario (i.e.80% Macro UE dropped indoors etc.)，the interference by introducing the HeNB to the Macro cell is severe。
5 Conclusions
System level simulation results were presented for HeNB from which some conclusions can be obtained and this performance evaluation work shows that, the interference by introducing the HeNB to the Macro cell is severe, and in order to improve the performance of macro cells, the interference must be eliminated by adopting some algorithms after introducing HeNBs.
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Appendix
Path loss model
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =15.3 + 37.6log10R, R in m

	
	(2) UE is inside an apt
	               PL (dB) =15.3 + 37.6log10R + Low, R in m

	UE to femto BS
	(3) Dual-stripe model: UE is inside the same apt stripe as femto BS

	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and femto BS

In case of a single-floor apt, the last term is not needed

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m
q is the number of walls separating apartments between UE and femto BS 


	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and femto BS



R is the Tx-Rx separation，The path loss models shall apply when the Tx-Rx separation is larger than or equal to 1m,
Low is the penetration loss of an outdoor wall, which is 10dB 
Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D, indoor is the distance inside the house taking account of penetration loss which due to walls inside an apartment.
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