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Further Interference Statistics in SAIC Scenarios

1  Introduction 

At the GERAN SAIC Workshop#2 a preliminary interferer model for the SAIC link level simulations [1] was defined for network configurations 2 and 3 based on extensive network simulation studies from Cingular [2], Ericsson [3], Motorola [4], Nokia [5] and Siemens [6]. Due to the fact that different parameters could not be agreed on like the delay of the interferers and their frequency offset, companies were asked to provide further results on those parameters and to check the integrity of the proposed SAIC link level model with their network simulation statistics.

This document provides further information on interference statistics gained by network simulations at Siemens. In particular the proposed power attenuations and the characteristic of the individual interferers as well as the delay profiles of the interferers have been investigated and compared against those of the preliminary defined model.

2  Network Simulation Model

The employed network simulation model has the following characteristics depicted below in Tab. 2-1. 

	Parameter
	Description

	Deployment
	regular 70 hexagonal cells with centered BS locations  

	Cell radius
	750 m (BS separation distance 1200 m)

	Network configurations 
	2a (FL: 20 %) and 2b (FL: 40 %) with 750 m cell radius

3a (FL: 40 %) and 3b (FL: 70 %) with 750 m

cell radius  

	Power control
	level based, with PC range limitation to 14 dB

	Investigated number of MS locations
	500

	Dumped bursts per interferer for one scenario
	~107 000


Tab.2-1:  Description of the used network simulation model.

3  Results 

Three issues were investigated in these evaluations:

a) the power attenuation factors of the interferers defined in the peliminary interferer model [1] to be used in SAIC link level simulations,

b) the characteristics of the distribution of each defined interferer and 

c) the delay profile of the each defined interferer.

The results are discussed separately for each of the four network configurations.  The distribution of the frequency offset of each interferer has not been investigated and is for further study., although a simplified proposal is given in section 4.

3.1  Network Configuration 2a
The power attenuation factors versus the dominant interferer CCI_1 for the second strongest cochannel interferer CCI_2, the third strongest cochannel interferer CCI_3, the rest of the cochannel interferers CCI_r, for the strongest adjacent channel interferer ACI_1 and finally for the rest of the adjacent channel interferers ACI_r have been evaluated (see Annex A.1, Fig. A.1-1 for the cumulative distribution of the interferer levels) and are listed in Tab. 3.1-1 below. 

	Interferer
	Power attenuation vs. dominant interferer (GERAN SAIC Workshop #2) [1]
	Power attenuation versus dominant interferer (Siemens proposal)
	 of lognormal fading 

distribution (Siemens proposal)

	dominant cochannel 
	-
	-
	6 dB

	second strongest cochannel 
	not defined
	- 9 dB
	5.5 dB

	third strongest cochannel
	not defined
	(-17.5 dB)
	6.5 dB

	cochannel rest
	not defined
	-11 dB
	4 dB

	stongest adjacent channel
	not defined
	(-20 dB)
	8 dB

	adjacent channel rest

(lower channel/upper channel)
	not defined
	(-21.5 dB)

(-24.5 dB/-24.5 dB)
	4.5 dB

(3 dB/3 dB)


Tab. 3.1-1: Link Level Parameters for Network configuration 2a.

If the preliminary interference model is extended to scenario 2a, the given power attenuation factors are proposed to be used for the defined interferers. In here it is proposed to take out the third strongest cochannel interferer and all the adjacent channel interferers, i.e. the value in brackets in column 3, due to their relative high power attenuations versus the dominant interferer around 20 dB. The interference model in this scenario hence would consist only of the dominant interferer, the second strongest interferer and the rest of the cochannel interferers. 

At the GERAN SAIC Workshop #2 all interferers of the model were suggested to have rayleigh distributed envelopes except the residual co-channel and adjacent channel interferers, which were defined even without fading. In our investigations we also analysed the interferer characteristics. It was observed in general that the statistic of the interferer power levels is not well approximated by an exponential distribution for the received linear power level corresponding to a rayleigh distribution for the envelope of the linear received power or by a non-fading envelope, respectively. In fact, if the formerly defined median values in [1] are used for the mean values of the rayleigh faded signals, an error of about 2 dB is observed between the obtained median values of the network statistic and the exponential power distribution function, as can be seen in Fig. A.1-2 for CCI_1. This approximation error is permanent for all investigated interferer distributions. Instead of an exponential distribution a lognormal distribution for the received interferer power levels was used and closer approximation could be achieved. This is depicted exemplarily in Fig. A.1-2. As can be seen in Fig. A.1-1 the various interferers experience different variations, which can be described by different standard deviations , which are listed in column 4 of Tab. 3.1-1. To account for this, it is therefore proposed to adopt those distributions for the logarithmic received interferer power levels in the link level simulations.

Furthermore the delay profiles for the three cochannel interferers CCI_1, CCI_2 and CCI_3 as well as for the strongest adjacent channel interferer ACI_1 have been evaluated in resolution of quarter symbols.The effective range of the delay of the interferer is between 

–0.5 and about 4 symbols. The results are depicted in Annex A.1-3 to A.1-6. It can be seen, that for CCI_1 about 12% of the interferers come from the same site. CCI_2 and CCI_3 have their maximums nearto 1 symbol delay. The strongest adjacent channel interferer has a maximum at 0 symbols in 23% of the cases. 

3.2  Network Configuration 2b
The power attenuation factors as depicted in section 3.1 have been evaluated for this network configuration (see Annex A.2, Fig. A.2-1 for the cumulative distribution of the interferer levels) and are listed in Tab. 3.2-1 below.
	Interferer
	Power attenuation vs. dominant interferer (GERAN SAIC Workshop #2) [1]
	Power attenuation versus dominant interferer (Siemens Proposal)
	 of lognormal fading 

distribution (Siemens Proposal)

	dominant cochannel 
	-
	-
	6 dB

	second strongest cochannel 
	-6 dB
	-7.5 dB
	5 dB

	third strongest cochannel
	-10 dB
	-15 dB
	6 dB

	cochannel rest
	-9 dB
	-8 dB
	3.5 dB

	stongest adjacent channel
	-14 dB
	-18.5 dB
	7.5 dB

	adjacent channel rest

(lower channel/upper channel)
	-15 dB

(-18dB / -18 dB)
	-19 dB

(-22 dB/-22dB)
	5.0 dB

(3.5dB/3.5dB)


Tab. 3.2-1: Link Level Parameters for network configuration 2b.

The observed power attenuation factors are compared against the figures from the preliminary interference model for SAIC. Figures with more than 1 dB difference are highlighted in Tab. 3.2-1. In all cases figures with higher attenuations have been observed, especially for the third strongest cochannel interferer and both adjacent channel interferers, which experience about 5 dB higher attenuations (green marked fields). 

The variation of the received interferer power levels is again not well approximated by exponential power distribution functions, which yields again an error of about 2 dB between the obtained median values of the network statistic and the exponential power distribution function, as can be seen in Fig. A.2-2 for CCI_1. Instead the received interferer power level distributions were approximated by lognormal power distributions (an example is depicted in Annex A.2-2). The standard distributions  vary between 3.5 dB for CCI_r and 7.5 dB for ACI_1.  Note a non fading signal assumed for CCI_r would correspond to a power variation with 0 dB.

Furthermore the delay profiles for the three cochannel interferers CCI_1, CCI_2 and CCI_3 and for ACI_1 are depicted in A.2-3 to A.2-6. It can be seen, that the delay profiles are very similar to those of network configuration 2a. For CCI_1 again about 12% of the interferers come from the same site. CCI_2 and CCI_3 have their maximums again nearto 1 symbol delay. The strongest adjacent channel interferer has a maximum at 0 symbols again in 23% of the cases. 

3.3  Network Configuration 3a
The power attenuation factors as depicted in section 3.1 have been evaluated for this network configuration (see Annex A.3, Fig. A.3-1 for the cumulative distribution of the interferer levels) and are listed in Tab. 3.3-1 below.
	Interferer
	Power attenuation vs. dominant interferer (GERAN SAIC Workshop #2)[1]
	Power attenuation versus dominant interferer (Siemens Proposal)
	 of lognormal fading 

distribution (Siemens Proposal)

	dominant cochannel 
	-
	-
	6 dB

	second strongest cochannel 
	-6 dB
	-7 dB
	5 dB

	third strongest cochannel
	-10 dB
	-14 dB
	5.5 dB

	cochannel rest
	-9 dB
	-7.5 dB
	3.5 dB

	stongest adjacent channel
	-14 dB
	-18 dB
	7.5 dB

	adjacent channel rest

(lower channel/upper channel)
	-15 dB

(-18dB / -18 dB)
	-18 dB

(-21dB/-21dB)
	4.5 dB

(3 dB/3 dB) 


Tab. 3.3-1: Link Level Parameters for network configuration 3a.

The observed power attenuation factors are again compared against the figures from the preliminary interference model for SAIC. Figures with more than 1 dB difference are highlighted in Tab. 3.3-1. In all cases figures with higher attenuations have been observed, especially for the third strongest cochannel interferer and both adjacent channel interferers, which experience about 4 dB higher attenuations (green marked fields). Thereagainst the attenuation for the residual cochannel interferer was observed to be 1.5 dB stronger than the defined value (red marked field).

The variation of the received interferer power levels is again not well approximated by exponential power distribution functions, which yields again an error of about 2 dB between the obtained median values of the network statistic and the exponential power distribution function, as can be seen in Fig. A.3-2 for CCI_1. Instead the received interferer power level distributions were approximated by lognormal power distributions (an example for CCI_1 is depicted in Annex A.3-2).  The standard distributions  vary again between 3.5 dB for CCI_r and 7.5 dB for ACI_1. The figures are very similar to those for network configuration 2b.

Furthermore the delay profiles for the three cochannel interferers CCI_1, CCI_2 and CCI_3 and for ACI_1 are depicted in A.3-3 to A.3-6. It can be seen, that for CCI_1 again about 12% of the interferers come from the same site. CCI_2 and CCI_3 have their maximums again nearto 1 symbol delay. The strongest adjacent channel interferer has a maximum at 0 symbols in 26% of the cases. 

3.4  Network Configuration 3b
The power attenuation factors as depicted in section 3.1 have been evaluated for this network configuration (see Annex A.4, Fig. A.4-1 for the cumulative distribution of the interferer levels) and are listed in Tab. 3.4-1 below.
	Interferer
	Power attenuation vs. dominant interferer (GERAN SAIC Workshop #2)
	Power attenuation versus dominant interferer
	 of lognormal fading 

distribution

	dominant cochannel 
	-
	-
	6.5 dB

	second strongest cochannel 
	-4 dB
	-6 dB
	4 dB

	third strongest cochannel
	-8 dB
	-12 dB
	5 dB

	cochannel rest
	-5 dB
	-5 dB
	2.5 dB

	stongest adjacent channel
	-14 dB
	-11 dB
	9.5 dB

	adjacent channel rest

(lower channel/upper channel)
	-14 dB

(-17 dB / -17 dB)
	-13.5 dB

(-16.5 dB/-16.5 dB)
	6.5 dB

(5 dB/5 dB)


Tab. 3.4-1: Link Level Parameters for network configuration 3b.

The observed power attenuation factors are again compared against the figures from the preliminary interference model for SAIC. Figures with more than 1 dB difference are highlighted in Tab. 3.4-1. Likewise for network configuration 3a we observed higher attenuations (green marked fields) especially for the second cochannel interferer (2 dB) and third strongest cochannel interferer (4 dB). Thereagainst the attenuation for the first adjacent channel interferer was observed to be 3 dB stronger than the defined value (red marked field).

The variation of the received interferer power levels is again not well approximated by exponential power distribution functions, which yield again an error of about 2 dB between the obtained median values of the network statistic and the exponential power distribution function, as can be seen in Fig. A.4-2 for CCI_r. Instead the received interferer power level distributions were approximated by lognormal power distributions (an example for CCI_r is depicted in Annex A.4-2).  The standard distributions  vary here even between 2.5 dB for CCI_r and 9.5 dB for ACI_1. 

Furthermore the delay profiles for the three cochannel interferers CCI_1, CCI_2 and CCI_3 and for ACI_1 are depicted in A.4-3 to A.4-6. It can be seen, that now for CCI_1 nearly 25% of the interferers come from the same site. CCI_2 and CCI_3 have their maximums still nearto 1 symbol delay but due to the increase of cochannel reuse at the same site the portion of interferers with 0 symbol delay increases to 12% for CCI_2 and even to 18% for CCI_3. The strongest adjacent channel interferer now even has a maximum at 0 symbols in nearly 70% of the cases.  

Hence the delay profiles for the interferers in network configuration 3b differ essentially from those investigated for network configurations 2a, 2b and 3a.

4  Conclusions

In this contribution we have investigated the interferer characteristics in SAIC scenarios based on the defined network configurations 2 and 3. In particular the power attenuations versus the dominant interferer, the distribution of the interferer statistics and the interferer delay profiles have been evaluated. 

· Concerning the power attenuations partial agreement to the defined figures in [1] could be observed. However in most cases the third strongest cochannel interferer and the adjacent channel interferers seem to have too strong levels in the defined interference model for SAIC link level simulations. Therefore it is proposed to refine those figures and to adopt those from this document.

· Concerning the interferer distributions, approximation by exponential distribution functions led to a high error, i.e. the mean value was offset by about 2 dB, whereas approximation by lognormal distribution functions yielded quite a close approximation. This is plausible as the system uses frequency hopping and thus the interferers vary from burst to burst and therefore will not experience a typical rayleigh distribution. Hence it is proposed to take these lognormal distribution functions as a basis for the link level modelling of the interferers. 

· Concerning the interferer delay profiles, it was observed that the delay profiles are very similar for network configurations 2a, 2b and 3a, whilst  for network configuration 3b the delay profiles differ essentially from those of the first three network configurations. Therefore it is proposed to define two different interferer delay profiles, one based on network configurations 3a and the other based on network configuration 3b. Due to the fact, that we based all our considerations on a cell radius of 750 m rather than taking 1000 m for network configurations 2a and 2b, it is proposed to derive those interferer delay profiles from that for network configuration 3a by taking the same histograms and multiplying the delay by the factor 1.33 (=1000/750).

In this contribution we did not study the frequency distribution of the interferers. Although this is ffs, the following simplified model is proposed:

· If the interferer comes from the same cell site, it is assumed that there is no frequency offset compared against the wanted signal.

· If the interferer comes from another cell site, it is assumed that the frequency offset of the interferer is a sample out of a uniform distribution between 0 and 90 Hz for GSM 900 (network configuration 3) and between 0 Hz and 180 Hz for GSM 1900 (network configuration 2).    
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A.1  Network configuration 2a (Frequency Load = 20 % and 6 frequencies)
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Fig. A.1-1: Cumulative distribution functions for interferer power levels.
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 Fig. A.1-2: Approximation of the cumulative distribution function for CCI_1 by exponential  distribution and lognormal distribution. 
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   Fig. A.1-3: Delay distribution for CCI_1. 

Fig. A.1-4: Delay distribution for CCI_2. 
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   Fig. A.1-5: Delay distribution for CCI_3. 

Fig. A.1-6: Delay distribution for ACI_1

A.2  Network configuration 2b (Frequency Load = 40 % and 6 frequencies)
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 Fig. A.2-1: Cumulative distribution functions for interferer power levels.
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 Fig. A.2-2: Approximation of the cumulative distribution function for CCI_1 by exponential  distribution and lognormal distribution.
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   Fig. A.2-3: Delay distribution for CCI_1. 

Fig. A.2-4: Delay distribution for CCI_2.
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   Fig. A.2-5: Delay distribution for CCI_3. 

Fig. A.2-6: Delay distribution for ACI_1.
A.3 Network configuration 3a (Frequency Load = 40 % and 12 frequencies) 
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Fig. A.3-1: Cumulative distribution functions for interferer power levels.
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 Fig. A.3-2: Approximation of the cumulative distribution function for CCI_1 by exponential  distribution and lognormal distribution.
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Fig. A.3-3: Delay distribution for CCI_1. 
Fig. A.3-4: Delay distribution for CCI_2.
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   Fig. A.3-5: Delay distribution for CCI_3. 
 Fig. A.3-6: Delay distribution for ACI_1.
A.4 Network configuration 3b (Frequency Load = 70 % and 12 frequencies)
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 Fig. A.4-1: Cumulative distribution functions for interferer power levels.
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Fig. A.4-2: Approximation of the cumulative distribution function for CCI_r by exponential  distribution and lognormal distribution.
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Fig. A.4-3: Delay distribution for CCI_1. 
     Fig. A.4-4: Delay distribution for CCI_2.
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   Fig. A.4-5: Delay distribution for CCI_3. 
      Fig. A.4-6: Delay distribution for ACI_1.
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