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1 Introduction
In the RAN4#51 meeting, the simulation assumption and parameters for FDD HeNB RF requirements [1] and LTE-FDD HeNB Interference Scenarios [2] were agreed. In [1] 4.2 Dense HeNB Deployment Modelling, Dual Stripe Model and 5x5 Grid Model are shown.
In this document, we show the Dual Stripe Model and 5x5 Grid Model simulation results based on [1].
2 Simulation Model
Here we show the simulation parameters and assumptions in Table 1-5. These assumptions and parameters are based on [1].

The power control used in our simulations is in Table.3.  We simulated two types of the power control. One is based on path loss and the other is based on full spec power control with a targeted IoT. In the former, transmission power is fixed and does not change throughout the simulation.

Table 1. Macrocell system assumptions

	Parameter
	Assumption

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

	Inter-site distance
	500 m

	Number sites
	7 (=21 cells) with wrap-around.

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See [1] section 5.2

	Shadowing standard deviation
	8 dB 

	Shadowing correlation
	Between cells
	0.5 

	
	Between sectors
	1.0 

	Penetration Loss (assumes UEs are indoors)
	20dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See [1] section 5.1

	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
	9 dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

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


	Traffic model
	Full buffer with 10 UEs per sector.

	Minimum distance between UE and cell
	>= 35 m

	UE speeds of interest
	3 km/h

	DL Receiver Type
	MRC (single stream) or MMSE (multiple streams). 

	UL Receiver Type
	MRC


Table 2. HeNB system assumptions

	Parameter
	Assumption

	HeNB Frequency Channel
	2000 MHz

	Min separation UE to HeNB
	20 cm

	Number Tx antennas HeNB
	1

	Number Rx antennas HeNB
	2

	HeNB antenna gain
	5 dBi

	Exterior wall penetration loss
	20 dB

	Path loss model
	See [1] section 5.2

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Max Tx power HeNB
	20 dBm

	DL Receiver Type
	MRC

	UL Receiver Type
	MRC


Table 3. Simulation assumptions

	Parameter
	Assumption

	Macrocell power uplink control
	Power control based on path loss

Or

Full spec power control aimed target IoT(=10dB)

	HeNB power uplink control
	Power control based on path loss

Or

Full spec power control aimed target IoT(=10dB)

	Link to System Mapping
	EESM, same β value for all MCS

	Scheduler
	Proportional Fair

	Carrier bandwidth
	10 MHz

	Number of RBs for PUCCH
	4

	Number of symbols for PDCCH
	3


Table 4. Urban-dense dual stripe model HeNB modelling parameters

	Parameter
	Value

	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%

	Probability of macro UE being indoors
	80%


Table 5. Urban-dense 5x5 grid model HeNB modelling parameters

	Parameter
	Value

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	1

	R (deployment ratio )
	0.2

	P (activation ratio)
	50%

	Probability of macro UE being indoors
	80%


3 Simulation Results

3.1 UL HeNB performance
We show the HeNB UL simulation results of Dual Stripe Model and 5x5 Grid Model with two types of the power control in Figs. 1-3. Fig. 1 shows the HUE UL average throughput. Fig. 2 shows HeNB 5% edge UE UL throughput. Fig. 3 shows the HeNB IoT. 
As expected, the 5x5 Grid Model, throughput is much worse than the Dual Stripe Model. 
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Fig 1: HeNB UE UL average Throughput
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Fig 2: 5% edge HeNB UE Throughput
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Fig 3: HeNB Cell IoT
3.2 DL HeNB Performance

In Figs. 4-6 we show the HeNB UE DL simulation results of Dual Stripe Model and 5x5 Grid Model with two types of transmission mode, 1) SIMO and 2) SIMO and MIMO. Fig. 4 shows the HeNB UE DL average throughput. Fig. 5 shows the HeNB UE DL throughput at 5% edge. Fig. 6 shows HeNB UE IoT. 
Note: SIMO means that Macro eNB and HeNB use SIMO. “SIMO and MIMO” means Macro eNB use MIMO and HeNB use SIMO.
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Fig 4. HeNB UE DL average Throughput
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Fig 5. 5% edge HeNB UE DL Throughput
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Fig 6. HeNB UE IoT 

4 Conclusion 

In this document, we showed the simulation results of Dual Stripe Model and 5x5 Grid Model deployed in the macrocell. 
In the 5x5 Grid Model, HUE UL performance is extremely poor. The poor performance of the 5x5 Grid Model is primarily due to the interference among HUEs served by different HeNBs. If two or more HeNBs are placed in the same room (e.g., a large office), some form of interference mitigation scheme will be essential. The interference mitigation scheme should not adversely affect the performance of either the macrocell or the HeNB.
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