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DIR statistics in SAIC scenarios

1. Introduction

At GERAN #13 various contributions have provided information on DIR statistics for tight reuse networks ([1],[2],[3],[4]). In these contributions two issues were focussed on, firstly the number of cochannel interferers to be taken into account for appropriate link level modelling and secondly the relevance of the adjacent channel interference (ACI). In the discussion it was concluded that the third cochannel interferer might be necessary to be modelled for the link level simulations in the context of SAIC evaluation and that adjacent channel interference from the first neighbour channel should be taken into account as well. This contribution contains an analysis of these two issues and gives further information on the composition of the interference signal. Note, it is believed that the description of the existing interference environment be a key issue for SAIC performance evaluation.

2. Simulation Model Description

The DIR statistics, i.e. the DIR_1, DIR_2 and DIR_3 values related to the strongest, second strongest and third strongest interferer have been recorded for the four scenarios depicted in table 1 according to [5].

	Parameter
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Configuration
	2
	2
	3
	3

	Radio channel profile
	TU 3 ideal FH
	TU 3 ideal FH
	TU 3 ideal FH
	TU 3 ideal FH

	Number of frequencies
	6
	6
	12
	12

	Frequency load
	20 %
	40 %
	40 %
	70 %

	Number of evaluated bursts
	2645
	6431
	6603
	8545


Table 1: Definition of investigated four scenarios for retrieving DIR statistics.

For each scenario a sequence of 10837 bursts (i.e. 50 seconds) has been recorded. In the simulation the interference data of one mobile station located at the mid of a base station sector are dumped. The wanted signal mean power is about – 73 dBm, which is about 35 dB above the receiver noise level (-109.6 dBm) assuming a receiver noise figure of 10 dB [6]. The adjacent channel protection (ACP) is 18 dB.  Table 1 also shows the number of evaluated bursts, which have a CIR below 10 dB, which is equivalent to the operating range of SAIC.

3. DIR Statistics

The DIR statistics for the scenarios 1 to 4 are depicted in figure 1 to 4 below. 
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Figure 1: Frequency Load = 20 % , number of frequencies = 6.
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Figure 2: Frequency Load = 40 % , number of frequencies = 6.
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Figure 3: Frequency Load = 40 % , number of frequencies = 12.


[image: image4.wmf] 

0

 

0.2

 

0.4

 

0.6

 

0.8

 

1

 

-

20

 

-

15

 

-

10

 

-

5

 

0

 

5

 

10

 

15

 

20

 

DIR_1, DIR_2 and DIR_3

 

DIR_1

 

DIR_2

 

DIR_3

 

dB

 


Figure 4: Frequency Load = 70 % , number of frequencies = 12.

	Parameter
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	DIR_1 (Median)
	4.0 dB
	3.5 dB
	2.8 dB
	0.1 dB

	DIR_2 (Median)
	- 0.7 dB
	-1.1 dB
	- 1.6 dB
	- 3.3 dB

	DIR_3 (Median)
	- 5.3 dB
	- 5.1 dB
	- 5.5 dB
	- 5.7 dB


Table 2: Median values of the DIR_1, DIR_2 and DIR_3 statistics for above listed scenarios.

In Table 2 the median values of the statistics are listed. As can be seen, the difference between median of DIR_1 and of DIR_2 is around 4.5 dB for the first three scenarios and decreases to 3.4 dB for the fourth scenario. Whereas DIR_1 and DIR_2 change a lot along the four scenarios, DIR_3 remains almost constant at about – 5.5 dB with low deviation. The median of DIR_3 is 9.3 dB less than that of DIR_1 and 4.6 dB less than that of DIR_2 for scenario 1, but only  5.8 dB less than that of DIR_1 and 2.4 dB less than that of DIR_2 for scenario 4. 

This indicates that the third interferer does not play a major role in the interference contribution at least for scenario 1. For scenario 2 and 3 this statement is also valid due to little differences to scenario 1. However for scenario 4 the situation is different, as the third strongest interferer approaches the second strongest one. Hence the necessity for modelling the third co-/adjacent channel interferer is given for scenario 4 only.

However it must be stated that this statement is related to the investigated scenario with a defined mobile location. For other locations this requires further analysis and could yield a different result.  

4. Analysis of the Overall Interference Signal

A summary of the analysis of the composition of the interference signal is given in table 3 including cochannel, adjacent channel interference and receiver noise. 

	Nr.
	I1
	I2
	I3
	20% - 6fq
	40% - 6fq
	40% -12 fq
	70% - 12fq

	1
	Co
	Co
	Co
	56.74 %
	56.24 %
	56.67 %
	36.16 %

	2
	Co
	Co
	A/L
	13.57 %
	15.43 %
	15.28 %
	18.21 %

	3
	Co
	Co
	A/R
	13.46 %
	15.13 %
	14.68 %
	17.79 %

	4
	Co
	A/L
	Co
	2.38 %
	4.73 %
	4.88 %
	8.38 %

	5
	Co
	A/L
	A/R
	0 %
	0.67 %
	0.32 %
	1.16 %

	6
	Co
	A/R
	Co
	2.61 %
	4.57 %
	3.85 %
	9.02 %

	7
	Co
	A/R
	A/L
	0 %
	0.4 %
	0.36 %
	1.91 %

	8
	A/L
	Co
	Co
	0.38 %
	0.76 %
	1.48 %
	2.04 %

	9
	A/L
	Co
	A/R
	0 %
	0.14 %
	0.09 %
	0.27 %

	10
	A/L
	A/R
	Co
	0.04 %
	0.11 %
	0.08 %
	0.34 %

	11
	A/R
	Co
	Co
	0.38 %
	0.79 %
	1.51 %
	3.31 %

	12
	A/R
	Co
	A/L
	0 %
	0.05 %
	0.18 %
	0.7 %

	13
	A/R
	A/L
	Co
	0 %
	0.17 %
	0.17 %
	0.7 %

	14
	Co
	Co
	N
	10.4 %
	0.81 %
	0.45 %
	0.01 %

	15
	Co
	A/L
	N
	0 %
	0 %
	0 %
	0 %

	16
	Co
	A/R
	N
	0.04 %
	0 %
	0 %
	0 %


Tab. 2: Composition of the interference signal consisting of cochannel and adjacent channel interference and noise in all 4 scenarios. The strongest 3 interferers are listed.Co:=cochannel interferer, A/R:= adjacent channel on right upper side, A/L:= adjacent channel interferer on left lower side, N:=receiver noise, I1:=strongest interferer, I2:=second strongest interferer, I3:= third strongest interferer.

The first line in the table corresponds to the case when all 3 strongest interferer are cochannel interferers. It can be seen that this percentage decreases from scenario 1 to scenario 4 by about 20 %. This means that the adjacent channel interference plays an increasingly important role in tight reuse scenarios.

Table 4 depict an interpretation of the raw data in table 3, that can be used for link level modelling. For example for scenario 1 in 27.03 % of the cases the third interferer is an adjacent channel interferer and in 10.44 % it is receiver noise. In 5.03 % of the cases the second strongest interferer is an adjacent channel interferer and in 0 % it is receiver noise. In 0.76 % of the cases the adjacent interferer is the strongest interferer and in 0% it is receiver noise. Even in 0.04 % the adjacent interference identifies the first and second strongest interferer at the same time. For scenario 4 the percentage that the adjacent channel interference identifies either the strongest or second strongest interferer or both at the same time increases to 27.83 %. This is again a clear indication, that the adjacent channel interference be taken into account for the interference enviroment characterization.

	Evaluation criterion
	20% - 6fq
	40% - 6fq
	40% -12 fq
	70% - 12fq

	At least 1 adjacent channel interferer is under the 3 strongest interferers (Nr. 2-13, 15,16)           
	32.86 %
	42.95 %
	42.88 %
	63.83 %

	Adjacent channel interferer is third strongest interferer (Nr. 2,3)
	27.03 %
	30.56 %
	29.96 %
	36.0 %

	At least 1 adjacent channel interferer is second strongest interferer (Nr. 4-7,15,16)
	5.03 %
	10.37 %
	9.41 %
	20.47 %

	1 adjacent channel interferer is strongest interferer (Nr. 8,9,11,12)                    
	0.76 %
	1.74 %
	3.26 %
	6.32 %

	Both adjacent channel interferers are strongest interferers (Nr.10,13)                             
	0.04 %
	0.28 %
	0.25 %
	1.04 %

	Noise is third strongest interferer (Nr. 14-16)
	10,44 %
	0.81 %
	0.45 %
	0.01 %

	Noise is second strongest interferer 
	0 %
	0 %
	0 %
	0 %

	Noise is strongest interferer
	0 %
	0 %
	0 %
	0 %


Table 4: Significance of adjacent channel interference contribution in all 4 scenarios.

5. Conclusions 

In this document we have addressed two issues:

· we have analyzed the DIR statistics, namely DIR_1, DIR_2 and DIR_3, for different frequency loads related to the configurations 2 and 3 which were defined at the GERAN SAIC workshop #1 [6]. We found that the third interferer plays only a minor role in the interference contribution at least for scenarios 1 to 3. Thereagainst for scenario 4 related to configuration 3 (frequency load: 70%, 12 frequencies) the third interferer, whether cochannel or adjacent channel or even receiver noise, should be taken into account.

· we have analyzed the significance of the adjacent channel interference contribution to the overall interference signal.  We found that the adjacent channel interferer identifies the strongest interferer in 0.8 % (scenario 1) up to  7.36 % (scenario 4) of the cases. Despite the fact that in an earlier contribution [3] even a higher percentage of 10-14% is derived, the given one identifies a remarkable percentage at least for scenario 3 and 4. Hence for those scenarios the inclusion of adjacent channel interference in the link level modelling is indispensable. 

Section 4 also lists a proposal for generating the interference environment for the link level simulations.  However it has to be noted, that the given results are related to the dump of data for a given specified mobile location at the mid of a base station sector. Evaluation of further mobile locations (e.g. at the sector boundary) is therefore required to get a better basis for the evaluation work on SAIC. If GERAN agrees on such an approach for achieving the interference model definition for the link level simulations, Siemens will be ready to provide additional data for an agreement at GERAN#14. 
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