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1 Introduction

In RAN1 #59, the baseline deployment scenario for Heterogeneous Network (Het-Net) was revisited and specified. Interference modelling in Het-Nets is substantially different from that in Homogenous Networks (Homo-Net) and hence it should be further evaluated. In this contribution, we quantitatively demonstrate some of these interference assumptions and show the SINR and the frequency efficiency for interference evaluation. The scenarios include the major two scenarios with higher priorities: Macro + HeNB/femtocell and Macro + outdoor Pico/Hotzone. More evaluations on other deployment scenarios will be expected when their simulation parameters are confirmed. 
2  Simulation analysis and discussion 

2.1 Evaluation assumptions

In this section, the interference situations and their impact to deployment scenario - Macro + femtocell and Macro + Hotzone, are analysed respectively through non-fast fading system simulations as a primary evaluation. 

Simulation assumptions, parameters and channel models are referred to [1][2]. The Placing of new nodes and UEs follow 36.814 baselines. In order to evaluate the interference effectively, UE dropping methodology and the UE distributions in the macro cell coverage area are treated as follows: 
(1) In Macro + femtocell, 10 UEs locate uniformly per macro cell, 80% outdoor and 20% indoor. One block (cluster) is dropped per macro cell randomly with active UEs dropped randomly in rooms. Furthermore, 6 floors with 4UE in each are assumed per block. The total number of active UEs in the macro coverage area is 10+6*4.
(2) In Macro + Hotzone, 10UEs locate uniformly per macro cell and then 4 UE clusters with 10 uniformly dropped UE in each are dropped randomly in macro cell. New nodes are allocated in the centres of UE clusters. The total number of UEs in the macro coverage area is 10+10*4.
In order to have a fair comparison with the homogenous macro-cell only deployment, the same UE distribution is assumed in Homo-Net. Details of the assumptions including large scale channel model and system assumptions are summarized in the annex A1. The UL and DL Frequency efficiency vs. SNIR are referred to [3] and the frequency efficiency of UE is calculated through the method described in annex A2. In our simulation, it is assumed that the resources are allocated evenly to the UE served by the serving cell. Fraction Power Control (FPC) is used to limit the interference caused by each UE to neighbour cells for uplink [4]. 
We focus on the performances under both co-channel and independent channel. In the independent channel deployment, ACIR of 30dB is selected. The cell-selection technique of max RSRP is used. 
Throughout this contribution, we adopt the following notations:

· MNB: macro eNB,

· MUE: UE served by a macro eNB,

· LNB: local eNB, e.g. pico eNB, femto eNB,

· LUE: UE served by a local eNB.

· ALL UE: all users in a macro cell area in Het-Net

· Homo All UE: all users in a macro cell area in Homo-Net

2.2  Macro-Femto Deployment Scenario
In Macro-Femto scenario, analysis on interference situation and impact, and system capacity under co-channel and independent channel are shown in section 2.2.1 and 2.2.2. UE SINR and frequency efficiency CDFs in Het-Net and Homo-Net are also compared.

2.2.1 Co-channel Macro-Femto deployment
· UE SINR Evaluation
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      Figure1Downlink SINR, Femto, co-channel                    Figure2 Uplink SINR, Femto, co-channel
The following can be observed from Figure 1 and 2:
1. Indoor MUEs suffer serious impact because of interference from Femto in downlink, which leads to these users’ dump.
2. Negligible interference impact to outdoor MUEs in downlink.
3. Coverage of edge MUE in uplink can be achieved.
4. Coverage of edge HUE in downlink can be achieved.
5. Although the impact to LUE in uplink due to interference is not so serious, there are still some cases that the SINR of LUE is low. The main reason is that LUE and indoor MUE are scheduled the same resources/part of resources, i.e. resource collision. In such a case, interference would be so high that some LUE cannot work. 
· Capacity gain evaluation
Table 1  Macro-Femto co-channel frequency efficiency 
	Macro-Femto Frequency Efficiency
	co-channel

	
	UL
	DL

	Mean Frequency Efficiency gain
All vs. homo
	5859%
	5856%

	5% Frequency Efficiency gain

All vs. homo
	328.56%
	101.7%

	Percentage  of LUE to all Frequency Efficiency
	98.25%
	98.61%
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Figure3 DL Frequency efficiency, Femto, co-channel   Figure4 Uplink Frequency efficiency, Femto,co-channel
It can be observed from Table 1 and Figure 3/4 that significant gain of frequency efficiency can be achieved for Macro-Femto co-channel deployment than Homo-Net no matter UL/DL, average/cell edge.
· Summary
     From the above analysis, we can conclude that :

1. The interference in UL caused by Het-Net is not serious under Macro-Femto.

2. In DL, Macro UE located indoor can be significantly interfered by co-channel Femto, whose performances are deteriorated.
3. The capacities of both DL and UL are increased compared with the macro only deployment.

2.2.2 Independent Channel Macro-Femto Deployment
· UE SINR Evaluation
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Figure5 DL SINR,Femto,independent channel           Figure6 UL SINR, Femto, independent channel
The following can be observed from Figure 5 and 6:
1. In DL, the performances of MUE and LUE are improved obviously compared with co-channel deployment, especially for MUE indoor.
2. In UL, the performances are also improved although fewer gains are achieved than those in DL. It actually spells that the interference in co-channel uplink is not so serious.

3. Compared with co-channel deployment, the  number of LUE with low SINR decreases and the  number of LUE with SINR lower than 0dB can be negligible.

· Capacity gain evaluation
Table 2  Macro-Femto independent channel frequency efficiency
	Macro-Femto Frequency Efficiency
	Independent Channel

	
	UL
	DL

	Mean Frequency Efficiency gain

All vs. homo
	3128.5%
	3165.2%

	5% Frequency Efficiency gain

All vs. homo
	171.74%
	155.67%

	Percentage  of LUE to all Frequency Efficiency
	97.88%
	98.06%
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Figure7 DL Frequency efficiency, Independent Channel   Figure8 UL Frequency efficiency, Independent Channel
It can be observed from Table 2 and Figure 7/8:

1. Significant capacity gain in DL and UL can be improved compared with Homo-Net.

2. Compared with co-channel deployment, although the SINR is larger, the system bandwidth of independent channel case is doubled. Since the UE frequency efficiency should be calculated according to its scheduled resources and the system bandwidth, the UE frequency efficiency under independent channel deployment lower than under co-channel deployment
· Summary
  From the above analysis, we can draw the following conclusions:

1. The independent channel Macro-Femto deployment can resolve the problem of interference.

2. The capacities of DL and UL are increased significantly compared with the macro only deployment.

2.3 Outdoor Pico 
In this section, analysis on interference situation and impact, and system capacity under co-channel are shown for outdoor pico deployment. UE SINR and frequency efficiency CDFs in Het-Net and Homo-Net are also compared. 
· UE SINR Evaluation
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Figure9 DL SINR,Outdoor Pico, co-channel            Figure10 UL SINR, Outdoor Pico, co-channel
From Fig. 9 and 10, we can observe that:

1. In DL, Pico does not introduce excessive interference to the original network. The impact on the SINR is little.

2. In UL, the UE SINR distribution is acceptable.

3. In UL, SINR of some LUEs are pretty low because these LUEs are interfered by the edge MUE with high transmit power to MNB. 

· Capacity gain evaluation
Table 3  Macro-Outdoor Pico co-channel Frequency Efficiency
	Outdoor Hotzone  Frequency Efficiency
	UL
	DL

	Mean Frequency Efficiency gain

All vs. homo
	596.33%
	329.78%

	5% Frequency Efficiency gain

All vs. homo
	127.44%
	106.85%

	Percentage  of LUE to all Frequency Efficiency
	85.65%
	78.39%
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Figure11 DL Frequency efficiency, co-channel        Figure12 UL Frequency efficiency, co-channel
The following can be observed from Table 3 and Figure 11 and 12:
1. Significant capacity gain in DL and UL can be improved compared with Homo-Net.

2. Although the SINR varies a little, the adoption of outdoor hotzone brings more resource and the mean frequency efficiency increases obviously in DL.

3. In DL, the difference between SINR of LUE and MUE is small, but in Fig. 11, the frequency efficiency of LUE is obvious higher than that of MUE. The reason is that fewer UEs served by the outdoor pico, and then LUEs served by pico can be allocated more resources.

· Summary
  From the above analysis, we can draw the following conclusions:

1. Under co-channel deployment, the interference is not so significant that the requirement for the coverage in UL and DL can be satisfied. 
2. Significant capacity gain in DL and UL can be got compared with homo network.

3. There is no need to use independent channel deployment. Only interference control management of co-channel needs to be researched.
3 Conclusion
In this contribution, the interference issue and its impact to Macro-femto and Macro-outdoor pico deployment have been evaluated and analysed. The Conclusion are as follows：

· Femto 

· For co-channel Macro-Femto deployment, indoor MUE can be significantly interfered by femto in downlink. It is expected that the control channel can not work well and interference control management, e.g. inter-cell interference coordination, may help data channel performance only.
· The independent channel Macro-Femto deployment can resolve the problem of interference, but the corresponding frequency efficiency is lower.
·  Outdoor Pico
· For co-channel, the interference is not serious, at the meanwhile the capacity can increase. So there is no need to use independent channel deployment.
· Only interference control management of co-channel need to be researched. 
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5 Annex
· A1.System Simulation Assumptions
Table1. Macro-cell system assumptions

	Parameter
	Assumption

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

	System bandwidth
	Co-channel: 10MHz
Independent channel: 10+10 MHz

	Inter-site distance
	500 m

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

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	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)
	


	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.

	Minimum distance between UE and cell
	>= 35 m

	Probability of macro UE being indoors
	20 %


Table2. HeNB system assumptions

	Parameter
	Assumption

	HeNB Frequency Channel
	Either same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm 

	HeNB antenna gain
	5 dBi

	Exterior wall penetration loss
	20 dB

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Min/Max Tx power HeNB
	20 dBm


Table3. Urban-dense HeNB modelling parameters of Dual Stripe Model 

	max number of cells per row 
	10

	number of blocks per cell
	1

	number of floors per block  
	6

	deployment ratio *activation ratio
	0.1

	Femto UE number per active HeNB
	1


Table4. 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 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




Table5. Outdoor Pico system assumptions

	Parameters
	Assumptions

	Carrier frequency
	2000 MHz

	System bandwidth
	10MHz

	Pico cluster number per sector
	4

	UE number per cluster
	10

	Path loss model
	See Table7

	Lognormal shadowing
	Log Normal Fading with 6 dB standard deviation

	Antenna gain
	0 dBi 

	Pico BS noise figure
	6 dB

	Maximum Pico TX power
	24dBm 

	Min separation UE to Pico BS
	2 m 

	Radius of UE cluster
	40m

	Minimum distance between pico BS and macro eNB
	70m


Table7. Path loss models for Outdoor Hotzone deployment

	Path Loss (dB)

	UE to macro BS
	PLLOS(R)= 103.4+24.2log10(R) 

PLNLOS(R)= 131.1+42.8log10(R) 

For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

Case 3: Prob(R)=exp(-(R-0.01)/1.0)



	UE to pico BS
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))


· A2.Frequency Efficiency Calculation Methodology
The resource amount of each UE is decided by the number of UEs belonging to the same cell. We assume that the resources are allocated uniformly. 

For a single UE, it is supposed that: the number of PRB used is N, the bandwidth of a PRB of 180kHz and the system bandwidth is W( W is 10MHz if the Macro cell and the Local cell use the same carrier, or 20MHz if Macro cell and Local cell employ two different 10MHz carrier respectively). Then the UE's frequency efficiency calculation procedure is presented as follow:

1. The frequency efficiency on one PRB can be obtained from SINR by using the look-up table of Table A.2 in 36.942. We use linear interpolation to make the results more smooth.
2. N is calculated. N=W/number of UEs connected to the target cell.
3. The frequency efficiency of each UE should be multiplied by N.

4. The frequency efficiency can be normalized by dividing the system bandwidth W, whose unit is then bps/Hz.
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