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1. Introduction

At RAN#57, the study item on the heterogeneous networks (HetNet) of UMTS was agreed [1]. As identified in the SID, the objective of this study item is to define deployment scenarios and simulation assumptions for heterogeneous networks. 
In this contribution, we propose a set of system simulation assumptions to evaluate the UMTS HetNet system performance.
2. Basic system level parameters
The parameters given as follows are proposed to be used in the scenario of UMTS HetNet, which is with small cells deployed in Macro, including the scenario of multi-flow.
2.1 General parameters
The parameters used for system simulation for Macro cell and small cell are listed below respectively. 

Table 1: UMTS HetNet Basic System Level Parameters (Macro Cell)
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	500 m
1000m(Optional)

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
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3GPP ant (2D ant):                                                     
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                                                                              = 70 degrees,     Am = 20 dB

	Channel Model
	PA3, VA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	43dBm

	Max BS Antenna Gain
	14dBi

	Max UE Antenna Gain
	0dBi

	Noise figure of NodeB
	3dB 

	Noise figure of UE
	9dB

	Thermal noise density
	-174dBm/Hz

	HS-PDSCH code number
	15

	HS-SCCH code number
	4

	HS-DPCCH PO
	TBD

	UE Receiver
	Type 3 (LMMSE 2-rx)
Type 3i (LMMSE 2-rx with IC)

	Soft Handover Parameters
	R1a (reporting range constant) = 3dB

R1b (reporting range constant) = 6dB

	Max active set num
	3

	Power control
	UL: Target 10% IBLER after the first transmission 

DL: Based on CQI. No IBLER control

	Uplink load
	RoT: 6dB

	Traffic model
	Full buffer and Burst Traffic Model


Table 2: UMTS HetNet Basic System Level Parameters (Small Cell)
	Parameters
	Values and comments

	Path Loss
	L=140.7 + 36.7log10(R), R in kilometres [2]

	Antenna pattern
	2D Antenna, omni-directional

	Maximum Tx Power of BS
	37dBm, 30dBm,
24dBm (Optional)

	Max BS Antenna Gain
	5dBi

	Noise figure of NodeB
	3dB


2.2 Placing of Small and UE
2.2.1 Placing of Small Cell
The deployment of small cell is as follows:
· The minimum distance between small cell and Macro is 75m;
· The minimum distance between small cells is 50m (another value is 40 which used for capacity simulation).
There are two schemes for small cell deployment:

· Small cell can be randomly and uniformly distributed within a Macro cell;

· Small cell can be deployed according to the received CPICH RSCP of macro cell [See Appendix A]. 
2.2.2 Placing of UE

The deployment of UE is as follows：

· The minimum distance between UE and Macro cell is 35m;
· The minimum distance between UE and small cell is 10m [2].
There are two schemes for UE deployment:
· Random: UE randomly and uniformly distributed within a Macro cell 
· Hotspot: Randomly and uniformly drop Photspot of the total users within a r m radius of small cell base station, and randomly and uniformly drop the remaining users to the entire macro geographical area of the given macro cell (incluing the small cell user dropping area).
· Type 1: Photspot will be 1/2, and the UE number in small cell is given is Table 3;
· Type 2: Photspot will be 3/4, and the UE number in small cell is given is Table 3;
· The radius of small cell r will be 20m, 35m, and 60m when the power of small cell is 24dBm, 30dBm, and 37dBm [See Appendix B]. 
Table 3: Placing of Small cell and UE
	Configuration
	Nusers
	Ptotal
	Number of small cells per macro 
	Photspot

	Hot spot type1
	16
	24 dBm
	4
	1/2

1/2

1/2

1/2

1/2

1/2

	
	
	
	8
	

	
	
	30 dBm
	2
	

	
	
	
	4
	

	
	
	37 dBm
	2
	

	
	
	
	4
	

	Hot spot type2
	16
	24 dBm
	4
	3/4

3/4

3/4

3/4

3/4

3/4

	
	
	
	8
	

	
	
	30 dBm
	2
	

	
	
	
	4
	

	
	
	37 dBm
	2
	

	
	
	
	4
	


2.3 Traffic model
Both full buffer and burst traffic should be considered in HetNet simulation.
Full buffer traffic assumes that each user always has data [3]. 
Burst traffic models are presented in Appendix C.
2.4 Performance Metrics
2.4.1 Burst traffic

The following performance metrics should be compared to the scenario without small cells：
· Average burst rate:
· The burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system.
· The total time the burst spent in the system is the time difference measured between the instant the data burst arrives at the Node B and the instant when the transfer of the burst over the air interface is completed.
· The total time the burst spent in the system is equal to the sum of the transmission time over the air and the queuing delay.
· Total system throughput.
· UE throughput:

· Average UE throughput

· 50% UE throughput

· 5% UE throughput
· Coverage of small cell
· MAC PDU delay: The MAC PDU delay is defined as the time between the PDU arriving at MAC layer and the PDU delivered through air interface.
· Average RoT for UL
2.4.2 Full buffer traffic

The following performance metrics should be compared with the scenario without small cells: 

· Sector throughput 

· UE throughput:

· Average UE throughput

· 50% UE throughput

· 5% UE throughput

· Coverage of small cell

· Average RoT for UL
3. Conclusion
In this contribution, we have proposed a set of system simulation assumptions to be used for Heterogeneous network of UMTS. It is proposed to discuss and agree to include the simulation assumptions and placing of small cell and UE in the TR.
Appendix A
The function used to calculate CPICH RSCP used for deploy small cell is: 
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Where: 

TxPow_CPICH is the CPICH tx power of Macro cell, which is 33dBm usually;

AntGain is the antenna gain;

PL is large scale fading which calculated according to path loss model;

PenLoss is penetration loss.
The deployment of small cell will be far, middle, and near from Macro cell according to CPICH RSCP, which are defined as follow:

Table 4: Placing of Small cell according to CPICH RSCP
	Position of Small cell
	CPICH RSCP(dBm)

(+/- 1dB)

	Centre ( the min distance between UE and Macro cell, and UE is in main beam of antenna)
	-46

	Near ( 1/3 from centre to edge )
	-66

	Middle ( 1/2 from centre to edge )
	-74

	Far ( 2/3 from centre to edge )
	-80

	Edge ( edge of Macro cell, 120)
	-88


Appendix B
To understand what hotspot radius is more suitable for UE dropping in the simulation for different small cell transmit powers, we have performed the following simulation. 
We assume Photspot is 1/2, and 2 small cells randomly and uniformly placed in a macro cell. The simulation results are given in Fig. 1, in which the Photspot is 1/2, and 2 small cells randomly and uniformly placed in a macro cell. The X-axis means the radius of small cell used to deploy UE, and the Y-axis means the UE percentage served by the small cell. From the results we can see that the coverage is different when the transmit power of the small cell is different, so the radius of small cell should not be the same. Considering the restriction of minimum distance between small cell and UE, and the RE used in HetNet, the radius of small cell should not be too large, and 30% coverage of small cell may be suitable. For 37dBm, the radius would be too large if 30% coverage is considered (beyond the coverage of macro cell). Considering the ISD and the minimum distance between UE and Macro cell, 60m is an acceptable value. So the radius of 20m, 35m, and 60m, will be used when the power of small cell is 24dBm, 30dBm, and 37dBm, respectively.
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Fig1 UE Ratio for Small cell
Appendix C
The burst traffic model given as follow [3] will be used in HetNet simulation in downlink.

Table 5: Down link burst traffic model

	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 0.5 Mbytes

Std. Dev. = 0.1805 Mbytes

Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec, 20 sec
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In multi-flow scenario, the burst traffic model described in [4] is used for downlink:

Table 6: Down link burst traffic model (MultiFlow)

	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 0.125 Mbytes

Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec, 20 sec
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For uplink, the burst traffic defined as follow [5] will be used:
Table 7: Up link burst traffic model

	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 0.125 Mbytes

Std. Dev. = 0.045 Mbytes

Maximum = 0.3125 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec, 20 sec
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