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1. Introduction

In the RAN Plenary meeting #30 a new study item on further improved performance requirements for UMTS/HSDPA UE was approved [1]. The content of the study and methodologies to be used were also discussed in the RAN4 meeting#37 in Seoul [2]. During the discussions summarised in [2] it was identified and agreed that the first task to be done is to create appropriate models for the scenarios, which are then used for analysing the link level performance of a UE using  interference mitigation technique. This discussion was continued in RAN4 meeting #38 in Denver where different proposals were presented [3]

 REF _Ref132275258 \r \h 
[4]

 REF _Ref132275260 \r \h 
[5]. The proposals were discussed in Ad Hoc held during RAN4#38 and the parameters to derive the main system level parameters for link simulation scenarios were agreed [6]. In this contribution we present simulation results from agreed system level scenario. 
2. Main system level parameters
The main parameters of the scenario are given in Annex A at the end of this document. Different metrics were evaluated from this deployment scenario for nine strongest cells to be used as a basis of link level scenario. The main system level parameters used in the link level studies i.e. geometry, 
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, and dominant interferer portion of interferer i of total other cell interference, DIPi, were evaluated from the scenario given. Additionally the dominant inference ratio for interferer i, DIRi, used in [5] was also presented for information. It was discussed during the Ad Hoc held in RAN4#38 that more intuitive metric than DIRi would be preferred. Based on this the DIPi was introduced in [6] and further notational change was proposed in RAN4 HSDPA email reflector. 
2.1 Evaluated metrics
The environment is described with geometry factor for the nth strongest cell
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where Îorj is the received average power from base station j (where j indicates the order of magnitude) and N0 is the thermal noise power over the received bandwidth.  The DIR for ith interfering base station can be determined as 
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where NBs is the number of cells. Note that power from the strongest base station, Îor1 is excluded.
Similarly the DIP for the ith interfering base station can be given as
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Please note that this definition in terms of indexing of the interfering base station differs from the definition given in [6]
.
2.2 System simulation results
This section covers the main results extracted from the system level scenario. 
 Figure 1 shows the cdf of the Îor1/Ioc distribution gathered from the simulation. The maximum Îor1/Ioc value is limited to 17dB as dictated by antenna front-to-back ratio. Additionally Figure 2 shows the Îor/Ioc distribution for nine strongest cells, i.e. for the serving cell and eight strongest interferers.
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Figure 1. Cumulative distribution of Îor1/Ioc values from the evaluated scenario.
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Figure 2. Cumulative distribution of Îor/Ioc values for nine strongest cells in the evaluated scenario.


Figure 3 shows the average portion of eight strongest interfering cells of total inter-cell interference. Strongest interferer consists in average 42% of the total inter-cell interference observed in evaluated scenario. Figure 4 shows the cumulative portion for the eight strongest interferers. Eight strongest interferers consist in average nearly 90% of the total other cell interference. 
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Figure 3. Average portion of eight strongest interferers of total inter-cell interference.
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Figure 4. Cumulative portion of eight strongest interferes of total inter-cell interference.


Figure 5 and Figure 6 presents cdf of DIP and DIR for eight strongest interferers. The DIR values are presented also for information. The average DIP  and DIR values for the eight strongest interferer are presented in Table 1.
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Figure 5. Cumulative distribution of DIP for eight strongest interferers.
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Figure 6. Cumulative distribution of DIR for eight strongest interferers.


Table 1. Summary of average DIP and DIR values
	i
	DIPi
	DIRi [dB]

	1
	0.42
	-1.5

	2
	0.2
	-6.4

	3
	0.1
	-10.5

	4
	0.06
	-12.8

	5
	0.04
	-14.6

	6
	0.03
	-16

	7
	0.02
	-17.3

	8
	0.01
	-18.3


Additionally in the Ad Hoc held in RAN4#38 [2] it was discussed whether the portion of the interferer should be determined separately for each geometry or if a single set of values common values should be used. Figure 7 and Figure 8 shows the behaviour of the average DIP and DIR for eight strongest interferers in terms of Îor1/Ioc. In Table 2 the average DIP values have been summarised for case when Îor1/Ioc values are in the proximity of selected values [±0.5dB]. The figures for the cdf’s of the DIP values for the selected Îor1/Ioc are presented in Annex B.
	[image: image11.png]DIP

Average DIP of eight strongest interferers for different Todﬂoc values

0.9H

— DIP.
— DIP.
— DIP.
— DIP
— DIP,

0 at o s W e

0.5+

0.4r

03r

0.2r

0
-10

-5

0

I

5

ort o

[dB]

15

20




Figure 7. Average DIP for eight strongest interferers as a function of Îor1/Ioc.
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Figure 8. Average DIR of three strongest interferers as a function of Îor1/Ioc.


Table 2. Summary of average DIP values for eight interferers for selected Îor1/Ioc values
	                     Îor1/Ioc 
DIPi
	-3dB
	0dB
	5dB
	10dB

	DIP1 
	0.37
	0.49
	0.43
	0.36

	DIP2 
	0.22
	0.17
	0.17
	0.18

	DIP3
	0.12
	0.09
	0.09
	0.11

	DIP4
	0.07
	0.06
	0.06
	0.09

	DIP5
	0.05
	0.04
	0.05
	0.06

	DIP6
	0.03
	0.03
	0.04
	0.04

	DIP7
	0.02
	0.02
	0.03
	0.03

	DIP8
	0.01
	0.01
	0.02
	0.02


2.3 Main system level parameters for link level simulations

In the discussions had in RAN4#38 two link level scenario related questions were notified and agreed to be addressed in the RAN4#39 once results from the agreed scenario would be available from different companies. One open question was that how many interferers should be explicitly modelled and which portion of the interference could be modelled as noise. Another aspect for discussion was whether the scenario in terms of interferer levels should be separately defined for each evaluated geometry or whether a single set of values would be representative.
Based on the results presented in Figure 3 and Figure 4 it can be seen that the major portion of the interference is contributed by few strongest interferers. As indicated the eight interferes contribute 90% of the total inter-cell interference. Additionally can also be seen that cumulative portion of three, four or five strongest interferers make approximately 72%, 79% or 83% of the total inter-cell interference. Based on the results it would seem that modelling more than five interferers would not give any significant benefit in terms of more accurately modelled interference behaviour. It also would appear that at least three interferers are required to get the majority of the interference sources covered. Therefore it is felt that explicitly modelling the transmission of three to five interferers in link level scenario should be sufficient. The median DIP values for five strongest interferers are given in Table 3.
Table 3. Median DIP values for five interferers for selected Îor1/Ioc values.
	                     Îor1/Ioc 
DIPi
	-3dB
	0dB
	5dB
	10dB
	All

	 DIP1 
	0.35
	0.43
	0.37
	0.3
	0.36

	DIP2 
	0.19
	0.14
	0.14
	0.14
	0.16

	DIP3
	0.09
	0.06
	0.07
	0.09
	0.07

	DIP4
	0.04
	0.03
	0.04
	0.07
	0.04

	DIP5
	0.02
	0.02
	0.02
	0.04
	0.02


Figure 5 showed the behaviour of the average DIP with different Îor1/Ioc values. The median values for five strongest interferers were summarised in Table 3above for the selected Îor1/Ioc values. When comparing the DIP values at different Îor1/Ioc levels to each other it seems that these are relatively well aligned, within few percentage units of each other. In this respect it might not be necessary to create different scenario for each Îor1/Ioc value of interest. One option would be creating a main overall scenario for most the cases and then more accurate scenarios only for one or two selected case. 
3. Conclusions
In this contribution we have presented system simulation results in a scenario agreed in [6] for identifying main parameter values for the initial link simulations of interference mitigation studies.  
Evaluation of the main system level parameters, Îor/Ioc, DIPi and DIRi, is presented in Section 2 of the document. These results are presented for the serving and eight strongest interferers i.e. nine strongest cells. Based on the observed average levels of the interferers it was felt that modelling three interferers explicitly could be sufficient and that modelling more than five would not offer any additional benefit. Furthermore the definition of scenarios could be simplified by using common set of DIP values for all evaluated geometries and more detailed setting could be done for selected cases if seen beneficial.
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Annex A. Main system level parameters
	Parameter


	Assumption as in [3]

	Cellular layout
	Hexagonal grid, 19 sites with 3 sectors

	Site to site distance 
	1000m

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	Std. of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	2000MHz

	BS antenna gain
	14dBi

	BS antenna pattern
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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used is 70 degrees .

	BS total TX power
	20W

	UE antenna gain
	0dBi

	UE noise figure
	9dB
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Figure A.1 Cell layout of the studied scenario. Blue colour marks the evaluated area.

 Annex B. Additional results
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Figure B.1 DIP cdf for eight strongest interferers at Îor1/Ioc of -3dB
	[image: image19.png]Probability

0.8

i
Q

I
N

=4
in

<
=

i
5

0.2

0.1

DIP cdf of eight strongest interferers for Todﬂoc value of 0dB [+0.5dB].

DIP
DIP.
DIP.
DIP,
DIP,

0 at o s W e

0.4

0.5
DIP

0.6





Figure B.2. DIP cdf for eight strongest interferers at Îor1/Ioc of 0dB
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Figure B.3. DIP cdf for eight strongest interferers at Îor1/Ioc of 5dB
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Figure B.4. DIP cdf for eight strongest interferers at Îor1/Ioc of 10dB


� The definition of DIP used in this contribution links to the definition of DIP given � REF _Ref132275395 \r \h ��[6]� as DIPi=DIP’i+1,where DIP’ is the definition given in � REF _Ref132275395 \r \h ��[6]�. As the DIP is used in context of interfering cells, this change of indexing was seen beneficial.
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