3GPP TSG-RAN WG1 #61bis              






                                                                       R1-104051
Dresden, Germany, June 28 – July 2, 2010
Source:
CMCC
Title:
Co-channel Interference Aspects in Macro-Femto and Macro-Pico Deployments
Agenda Item:
6.8

Document for:
Discussion/Decision
1. Background

In 3GPP RAN #47, it was agreed to identify and evaluate non-CA based strategies of heterogeneous network deployments, as well as determine the standardization work necessary to support enhanced inter-cell interference coordination solutions for control and data channels if need is identified (targeted for completion by RAN#49)[1]. 

In this contribution, we investigate the downlink co-channel interference aspects in Macro-Femto and Macro-Pico (outdoor) deployments and obtain downlink wideband SINR distributions. Based on the SINR results, some observations on DL control channel supporting in Macro-Femto and Macro-Pico (outdoor) are given.
2. Macro-Femto
No power control or interference management methods are used in this simulation. Macro cells and femto cells share one frequency band. The detailed simulation assumptions for macro-femto are described in Tables 1, 2 and 3 in Annex. The downlink wideband SINR (geometry) distributions for different cases in macro-femto deployment are shown in Figure 1 below. For the legend, 35% and 80% mean the probability of macro UE being indoors, R means the femto deployment ratio * femto activation ratio. MUE means UEs served by macro cells and HUE means UEs served by HeNB or femto cells.
We can see from Figure 1 that the SINR distribution of HUE is better than that of MUE. With more femto cells activated, the SINR distributions of both HUE and MUE are becoming worse. Larger probability of macro UE being indoors, worse SINR distribution of MUE while the SINR distributions of HUE is unchanged. One can further observe that the SINR value of some MUE is even in region from -60dB to -20dB due to some MUEs are in close proximity of Femto and these UEs are seriously interfered by Femto. The SINR value of some HUE is located from -20dB to -10dB. It is obvious that these UEs’ DL control channels e.g., PDCCH, PCFICH and PHICH can not work. Some R8/R9 and even R10 interference management methods are needed for both MUE and HUE.
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Figure 1. DL wideband SINR in macro-femto deployment.
3. Macro-Pico
We choose Configuration 1 in Table A.2.1.1.2-4 in [2] for macro-pico simulation. The RSRP-based user assignments approach without RE is used for this simulation. No power control or interference management methods are used in this simulation. Macro cells and pico cells share one frequency band. The detailed simulation assumptions are as described in Tables 4 in Annex. The downlink wideband SINR distributions for different cases in macro-pico deployment are shown in Figure 2 below. For the legend, N pico mean N pico cells per macro cell. MUE means UEs served by Macro cells and PUE means UEs served by Pico cells. 
We can see from Figure 2 that the SINR distribution of PUE is better than that of MUE. With more pico cells activated per macro cell, the SINR distributions of both PUE and MUE are becoming worse. The SINR distribution of Macro-Pico scenario is much better than that of Macro-Femto scenario and most SINR values are above -5dB. That is because UE is served by the cell (No matter Macro cell or Pico cell) whose RSRP is the strongest received RSRP by this UE. There is no big problem for DL control channels in Macro-Pico scenario (Configuration 1) when the number of pico cells per macro cell is small.
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Figure 1. DL wideband SINR in macro-pico deployment (Configuration 1).
4. Conclusion
In this contribution, we obtain downlink wideband SINR distributions in Macro-Femto and Macro-Pico (outdoor) deployments. Based on the results, some observations are given:
1) Macro-Femto

The SINR distribution of HUE is better than that of MUE. With more femto cells activated, the SINR distributions of both HUE and MUE are becoming worse. Larger probability of macro UE being indoors, worse SINR distribution of MUE while the SINR distributions of HUE is unchanged. The SINR value of some MUE is even in region from -60dB to -20dB and the SINR value of some HUE is located from -20dB to -10dB. It is obvious that these UEs’ DL control channels e.g., PDCCH, PCFICH and PHICH can not work. Enhanced interference management methods in Release 10 are needed for both MUE and HUE.

2) Macro-Pico

According to Configuration 1 for placing of new nodes and UEs, the SINR distribution of PUE is better than that of MUE. With more pico cells activated per macro cell, the SINR distributions of both PUE and MUE are becoming worse. The SINR distribution of Macro-Pico scenario is much better than that of Macro-Femto scenario and most SINR values are above -5dB. There is no big problem for DL control channels in Macro-Pico scenario (Configuration 1) when the number of pico cells per macro cell is small.
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6. Annex
Table 1. Macro-femto system assumptions

	Parameter
	Assumption

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

	System bandwidth
	10MHz

	Inter-site distance
	500 m

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

	Shadowing standard deviation
	4 dB for link between HeNB and HeNB UE. 8 dB for other links.

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	BS antenna height
	32m

	UE antenna height
	1.5m

	UE noise figure
	9 dB

	Total BS TX power
	46 dBm

	UE power class
	23 dBm

	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.

	Minimum distance between UE and macro cell
	35 m

	Minimum distance between HeNB and macro cell
	75 m

	Minimum distance between UE and HeNB
	3 m

	Minimum distance among HeNB
	40 m


Table 2. 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, 0.2, 0.5

	Femto UE number per active HeNB
	1

	Probability of macro UE being indoors
	35% or 80%


Table 3. Path loss models for urban (dense apartment) deployment in Macro-femto deployment
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PLLOS(R)= 30.8+24.2log10(R) 

PLNLOS(R)= 2.7+42.8log10(R) 

For 2GHz, R in m.

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	
	(2) UE is inside an apt
	               PLLOS(R)= 30.8+24.2log10(R) + Low

PLNLOS(R)= 2.7+42.8log10(R) + Low

For 2GHz, R in m

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	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

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(2.7+42.8 log10 R, 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 

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(2.7+42.8 log10 R, 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


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. 

Low is the penetration loss of an outdoor wall, which is 20dB.

Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.
Table 4. Macro-Pico system assumptions
	Parameter
	Assumption

	Deployment scenario
	2 /4 /10 Picos randomly overlay onto Case 1 Macro-cells (19-cell, 57-sector wrap-around)

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	UE density across macro cells
	Uniform 25/macro cell

	Large scale fading
	Path-loss model 2 described in TR36.814

	Shadowing standard deviation
	ITU-RM.2135(i.e., according to LOS, NLOS)

	Shadowing correlation between cells*3
	0.5

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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[image: image13.emf]θ

etilt

= 15 degrees

	Combining method in 3D antenna pattern
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	Pico antenna pattern
	Omni-directional

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	BS antenna height
	32m

	UE antenna height
	1.5m

	UE noise figure
	9 dB

	Total BS TX power
	46 dBm

	Pico TX power 
	24 dBm

	Macro eNB antenna gain
	14dBi

	Pico antenna gain
	5dBi

	Serving cell attachment 
	RSRP-based 

	Minimum distance between UE and macro
	35 m

	Minimum distance between Pico and macro 
	75 m

	Minimum distance between UE and Picos
	3 m

	Minimum distance among Picos
	40 m
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