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1 Introduction

Many different interference mitigation/avoidance schemes are being studied in RAN1. Three main categories can be identified:

-
Inter-cell Interference randomization

-
Inter-cell Interference cancellation

-
Inter-cell Interference coordination/avoidance

Different interference avoidance schemes and their performance evaluation in the framework of E-UTRA uplink is presented in this paper.  All the methods presented here dose not require any signaling between different cell sites.  Methods that are primarily based on “pathloss” grouping ([1] & [2] type methods) are compared against the ones based on variants of the fractional reuse methods for the edge/cell centre users. 

The paper is organized as follows: Section 2 presents a discussion on the different interference coordination scheme that are evaluated, section 3 contains a brief summary of the simulation assumptions, followed by the simulation results and discussion in section 4 and Conclusions in section 5.

2 Discussion
2.1 Interference controlling method in E-UTRA UL

During the previous RAN meetings a number of concepts for interference avoidance have been presented to elevate the cell edge performance in E-UTRA UL. Some of the solutions on interference coordination/avoidance requires centralized coordination between cell sites. These methods can be rather complicated, requiring additional signaling in the network.  Methods that does not require inter site coordination are compared in this paper. Primarily four different interference avoidance methods are compared. These methods are labeled as methods 1,2,3 &4.   

Method 1
In this method the cell edge users of each sector are assigned a re-use pattern 1/3 and the cell center users are left to use the remaining 2/3 of the spectrum.  Adjacent cell/sectors at the cell edge will be assigned non overlapping frequency bands.  Channel dependent scheduling (proportional fair) is done on the 2 different groups (cell edge and the cell center).  Cell geometry was used to identify the cell edge users. The cell lay out is shown in Figure 1.

Power control : : Different power control target levels for cell edge and cell center users  
Method 2

In this method the cell edge users of each sector are assigned a re-use pattern 1/3 and the cell center users are assigned a re-use factor of 1 (i.e the full spectrum).  Adjacent cell/sectors at the cell edge will be assigned non overlapping frequency bands.  Channel dependent scheduling (proportional fair) is done but the cell edge users are only allowed to schedule in allocated 1/3 of the spectrum.  Cell geometry was used to identify the cell edge users. The cell lay out is shown in Figure 1.

Power control : Different power control target levels for cell edge and cell center users  

Method 3
This method “pathloss grouping” was proposed in [2], where users are grouped based on their pathloss.  Then each group is assigned a different target power control level. The cell edge users are given a lower target then the cell center ones. Channel dependent scheduling was then performed in each group. The results presented in this paper are based on 3 pathloss dependent groups.

Power control : group specific power control
Method 4

This method “UE alignment” was proposed in [1], where users are grouped based on their pathloss (similar channel quality) from the highest to the lowest.  Round robin scheduling was then performed.  The base line assumption was that users with similar channel quality will “generally” be aligned. 

Power control : fractional power control [3]


Spectrum allocation for the cell edge 
Figure 1 : Cell layout  

3. Simulation conditions
Table 1.  Simulation conditions

	Parameter
	Assumption

	SC-FDMA Receiver
	SC-FDMA with 2 Rx antenna Diversity

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	500m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB 

	Channel model
	Typical Urban (TU)

	Antenna pattern (horizontal)

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


	BS Antenna Gain plus cable loss
	14 dBi

	Carrier Frequency
	2.0GHz

	Bandwidth
	10 MHz

	RB bandwidth
	375 kHz

	UE’s per Sector
	20

	UE speeds of interest
	3 km/h,

	Minimum distance between UE and cell
	>= 35 meters

	Maximum UE TX power including PAPR backoff
	21 dBm 

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	Slow Power Control
	ON

	Coding
	Release 6 Turbo Coding

	HARQ
	ON

	Channel-dependent scheduling
	Round robin, Proportional Fair

	CQI processing delay (AMC, Scheduling)
	Processing delay of 3 subframe

	Overhead Channels
	 2 short blocks & 1 long block per subframe

	Data Channels 
	5 symbols per subframe

	Resource Block Carrier Allocation
	Localized


4. Results and discussion

The following table shows the average user, cell average and cell edge throughputs for the four different interference avoidance methods.
	Interference avoidance method
	Avg. user throughput (Bits/s/Hz)
	Cell Avg. throughput (Bits/s/Hz)
	Cell edge throughput(Bits/s/Hz)

	Method #1
	0.0598
	0.6643
	0.0055

	Method #2
	0.0734
	0.7485
	0.0107

	Method #3
	0.0554
	0.5402
	0.0049

	Method #4
	0.0479
	0.4697
	0.0233


It is seen that fractional reuse at the cell edge helps the cell edge users in improving the cell edge throughput without sacrificing the cell average throughput significantly. What is also observed is that having 2 different target power control threshold i.e. one for the cell centre and for the cell edge users is beneficial.  Method #4, also, shows very good cell edge performance at the expense of the cell average throughput. Since method#4 uses round robin scheduling with pathloss grouping, cell edge users are at an advantage over proportional fair based methods. In addition to this the graded power control helps the cell edge users. 
Conclusion 

In this paper 4 different interference avoidance methods were presented and compared. There benefits and weakness were evaluated. Methods that uses fractional reuse at the edged and cell centre have the benefit of balancing the cell edge and cell centre throughput/cell average throughput i.e getting higher cell edge performance without sacrificing the cell average throughputs significantly. The “pathloss” grouping method have the advantage of using round robin scheduler and it achieve high cell edge throughput at the expense of the cell average. It all the methods graded/group based power control is beneficial over fixed single target.      
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