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1. Introduction
Due to the recognized importance of system simulation results for defining eICIC-related requirements, it has been agreed during the #57AH meeting discussions that

· In parallel to link level studies, the group should also evaluate the system performance,
· The interference levels agreed as working assumptions for link simulations can be revisited depending on further system/link level simulations.
This contribution provides system-level simulation assumptions for studying signal levels and interference variation for defining side conditions in eICIC-related UE requirements for macro-HeNB deployments.
2. System-level simulation assumptions
The assumptions are for macro-HeNB deployments according to [1]. 

Further, ABS subframes with no PDSCH transmissions are configured at the HeNB layer only, in all HeNB cells simultaneously, which is a straightforward network configuration. Full load full buffer traffic is assumed in non-ABS subframes. 
As no control channel and data channel in ABS subframe, 10dB offset is simulated as well as 0 dBm HeNB Tx power for comparison. 
2.1
Macrocell assumptions
The macrocell parameters are proposed as follows:
Table 1. Macrocell system assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500m or 1732m

	Number sites
	19 (=57 cells) or 7 (=21 cells) with wrap-around

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See Table 5

	Shadow fading
	Lognormal, 

std. deviation=10 dB, 

shadowing correlation between cells=0.5

	Penetration Loss (assumes UEs are indoors)
	10dB or 20dB (see section 4.2)

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	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

	UE power class
	24dBm (250mW)

	Traffic model
	Full buffer initially with 10 UEs per sector, other traffic models later

	UE distribution
	80% Macro UEs are uniformly dropped in the HeNB block and the rest UEs are dropped with uniform density over the rest coverage area. 

	Minimum distance between UE and cell
	>= 35 meters

	UE speeds of interest
	3 km/h


Table 2. Macro cell antenna model [1]

	Antenna pattern (horizontal)
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	Antenna pattern (vertical)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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2.2
HeNB Parameters

The HeNB parameters are proposed as follows:
Table 3. HeNB system assumptions

	Parameter
	Assumption

	HeNB Frequency Channel
	Same frequency and same bandwidth as macro layer

	Min separation UE to HeNB BS
	1 m

	Number Tx antennas HeNB BS
	1

	Number Rx antennas HeNB BS
	2

	HeNB BS antenna gain
	2.2 dBi

	Exterior wall penetration loss
	10 or 20 dB (See section 4.2)

	Interior path loss model
	See section 4.2

	Interior to Exterior path loss model
	See section 4.2

	Exterior path loss model HeNB BS to UE
	See section 4.2

	Log-normal shadowing standard deviation
	4dB

	Noise figure HeNB BS
	8 dB

	Min/Max Tx power HeNB BS
	0/20 dBm

	ABS Power Offset
	10 dB

	Carrier bandwidth
	10 MHz


3. HeNB deployment – Dual Stripe Model

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 randomly dropped. It is assumed that each HeNB blocks are not overlapping with each other.  

Each HeNB block has L floors, L is chosen randomly (L could be a number between 1 and 6).  If more than one HeNB blocks are dropped, each HeNB block can have different number of floors.

To simulate the realistic case that an apartment may not have a HeNB, we use a parameter named “deployment ratio” to determine whether an apartment is deployed with a HeNB or not. If the deployment ratio is 0.2, in our example, it means that on average, each floor has 8 (=0.2*40) HeNBs and each block has 8L HeNBs. The occupation ratio can vary from 0.0 to 1.0. Another parameter called “activation ratio” is defined as the percentage of active HeNBs. If a HeNB is active, it will transmit with suitable power at the traffic channel. Otherwise, it will only transmit the control channels. Activation ratio can be from 0 to 100%. A femto cell block is illustrated in figure 1. An example parameter table is provided as follows:
Table 4. Urban-dense HeNB modelling parameters

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	6

	R (deployment ratio )
	0.2

	P (activation ratio)
	50%
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 Figure 1. A HeNB block

Macro UEs are dropped uniformly and randomly throughout the sector. It’s possible that some Macro UEs will be dropped into the HeNB area. It is assumed that there is one HeNB UE per HeNB cell, which is dropped randomly in the active HeNB. The HeNB BS is also randomly placed in each HeNB. 

4. Channel Models (urban deployment)
The path loss models for urban deployment are proposed as follows:

Table 5 Path loss models for urban (dense apartment) deployment’’
	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 HeNB BS
	(3) Dual-stripe model: UE is inside the same apt stripe as HeNB 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 HeNB 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 HeNB 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 HeNB BS


Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 
5. Conclusions

We have proposed in this paper a set of the simulation assumptions and parameters to be used for the study of interference between LTE macrocells and HeNBs. We recommend RAN4 to approve these assumptions and parameters in order to facilitate the alignment of the simulation results, and define the FDD HeNB RF requirements accordingly.
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