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1 Introduction

During RAN4 #51 meeting, the simulation assumptions and parameters for FDD HeNB RF requirements [1] and LTE-FDD HeNB Interference Scenarios [2] were agreed. Other simulation results were also presented in [3];however, these simulation parameters were a bit different from those of [1].

In this document, we present simulation results for the performance of Macro UEs (MUEs) with HeNB deployments based on [1] for two different types of the power control.

2 Simulation Model
Here we show the simulation parameters and assumptions in Tables 1-4. These assumptions and parameters are based on [1].

The two types of the power control used in the simulations are listed in Table.3. One is based on path loss and the other uses full spec power control with target IoT. In the former, the 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. Suburban HeNB modelling parameters

	Parameter
	Value

	House size
	12x12 m

	Probability HeNB UE outdoors
	10%

	Probability of macro UE being indoors
	100%

	Macro UEs allowed in HeNB house
	Yes

	Allow HeNB houses+lots to overlap
	No

	Minimum separation UE to HeNB
	20 cm

	Minimum separation HeNB to macro BS
	35 m

	Number of active HeNB UEs per femtocell
	1

	Distribution of HeNB houses
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint.

	Distribution of HeNB UE within HeNB house
	Random uniform, subject to minimum separation to HeNB

	Distribution of HeNB within HeNB house
	Random uniform


3 Simulation Results

Figs 1-5  show the simulation results  using the above assumptions and parameters. 

Fig. 1 is the MUE UL sector throughput with full spec power control and power control based on path loss. Fig. 2 plots the CDF of macro sector IoT with full spec power control. Fig. 3 plots the CDF of macro sector IoT with power control based on path loss. Fig. 4 provides the 5% edge MUE throughput performance. In this case multiple runs were 6 times  averaged, except suburban40, to smooth out the curves. Fig. 5 shows not averaged data of the 5% edge MUE throughput. 
[image: image1.emf]0

1000

2000

3000

4000

5000

6000

7000

8000

9000

suburban05 suburban10 subruban20 suburban40

Macro Sector Throughput[kbps]

Full Spec PC

PC based on PL


Fig 1. Macro Sector Throughput
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Fig 2.  Macro Sector IoT in full spec power control condition
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Fig 3.  Macro Sector IoT in power control based on path loss condition
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Fig4. 5% edge Macro UE Throughput
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Fig5. Not averaged 5% edge Macro UE Throughput
Based on the results from the above figures, we observed the following:

- In the Macro sector throughput, there is a decline in MUE’s performance as the number of HeNBs increases within a cell.
- When the number of HeNB is 5, 10 and 20, the results using full spec power control are better than the results using power control based on path loss. This is especially true for the 5% MUE throughput. In contrast, when the number of HeNB increases to 40, the result using full spec power control is worse than the result using power control based on path loss. 
4 Conclusion 

In this document, we presented the simulation results based on the assumptions and parameters in [1] for two types of the power control. 

We use the full spec power control using Load Information to improve the MUE performance up to targeted IoT.  We apply the same method for HeNB as well. In the result, there are some differences of MUE performance.
We showed the Macro UE uplink results using Sector Throughput, 5% edge UE Throughput and CDF for Macro sector IoT.  We believe the CDF results provided above are more informative than the average values provided in [2]. 
In this simulation, we did not take into account of the backhaul related delays which may degrade the performance of the full spec power control. We believe it would be useful to study how backhaul affect the power control algorithms and how the user throughput can be improved when Macro eNB and HeNB use the same frequency.

In the case of 5% edge throughput results, we noted that the simulation results were very sensitive to the arrangement of MUE. Therefore, it might be necessary to use to a fixed MUE arrangement or 5% edge is assumed to be the 5 % of MUE of all simulations for fair comparison. As an example Fig.5 shows one result of 5% edge MUE throughput, the result varies widely. 
We believe it is important to study effective power control schemes that can minimize interference to the Macro eNB.   
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