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SAIC System Level Evaluations based on Network Data from a Real Cellular System
1.  Introduction

In this contribution we present SAIC system level capacity evaluations for two SAIC algorithms based on real network data collected from a coastal city in Cingular’s network. The purpose behind this study was to compare system capacity numbers and interference characteristics obtained from a non-homogenous system simulator configured based on real network data with those obtained from a homogenous system simulator configured based on GERAN simulation parameters for configuration 3 [1]. 

System level SAIC capacity results were generated based on burst level BER mappings generated by two companies, viz. Philips Semiconductors and Trellisware Technologies, and BER to FEP mappings generated by Cingular. This analysis indicates that capacity results based on the real network data are more optimistic than capacity results obtained using a homogenous system simulator [2].  Results indicate that SAIC can support capacity increases of about 57% to 100% depending upon the algorithm used. The specific assumptions used to generate these link to system level mappings are described in a companion contribution [2]. 

The following section explains the simulation methodology used for the non-homogenous system simulations with the real network data. Section 3 shows interference characteristics for the real network data and presents system capacity results for the two studied SAIC algorithms.

2.  Description of Non-homogenous System Simulation
Results presented in this study were generated based on our dynamic event-driven GSM system simulator, which is capable of reading in specific cell site locations and drive route information obtained from a real network to simulate a non-homogenous cellular system. 

Specifically, received signal strength (RSS) measurements were made along a large number of drive routes in a coastal city in Cingular’s network. For every location on the drive routes, the measurement data provided individual pathloss values from a large number of surrounding sectors in that area. The cell site locations and pathloss data was entered into our dynamic event-driven GSM system level simulator, which simulated a non-homogenous GSM network based on data obtained from the real cellular network. The simulator was configured for a 1/1 reuse with 12 hopping frequencies and the parameters given in Table 1 below. 

Unlike the homogenous system simulator used in [2], which simulates the effect of lognormal shadowing, the non-homogenous system simulator does not superimpose the effect of this fading phenomenon because it is assumed that the pathloss values given by the drive route measurement data has the effect of lognormal fading embedded in them. Also, due to the nature of the drive route data it was not possible to simulate mobility along the measured drive routes. Hence, the mobile stations were assumed to be stationary and the effect of Rayleigh fading was turned off in these non-homogenous system simulations. Even though this may somewhat affect the absolute capacity numbers obtained with the real network data, we suspect that the overall effect will be small and that the conclusions presented in this contribution will remain unaffected.
Table 1:  Simulation Parameters

	Parameter
	Value

	Reuse pattern
	1/1

	Spectrum
	2.4 MHz (hopping layer only)

	Carriers
	12

	System timing
	Synchronous system

	Frequency hopping
	Synthesized random hopping with MAIO management

	Cell layout
	Based on real network data

	Sectors per site
	Based on real network data

	Noise floor
	-110 dBm

	Adjacent channel interference attenuation
	18 dB

	BTS output power
	20 Watts or 43 dBm

	DTX voice activity factor
	0.6

	Downlink power control
	RXLEV + RXQUAL based with 14 dB dynamic range and 2 dB step size


3.  Results
Figure 1 compares cumulative distribution functions (CDFs) of the burst level CINR obtained using the real network data with the burst level CINR obtained from the homogenous system simulation results presented in [2] for a 40% FL. It is observed that at the 10th percentile value, the real network has about 1.8 dB better CINR than that of the homogenous system simulator configured using the GERAN parameter assumptions.

Figures 2 and 3 compare the burst level DIR and DIR2 CDFs respectively obtained from the real network data with those obtained from the homogenous system simulation results in [2] for a 40% FL for those burst that experienced CINR<10 dB. It is clear that the real network data results have better (higher) DIR and DIR2 values than those obtained from the homogenous system simulations.

The above CINR, DIR, and DIR2 results indicate that the real network data should give higher absolute capacity numbers than those obtained from homogenous system simulations that are based on GERAN simulation parameters.
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Figure 1: Burst CINR for 40% FL
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Figure 2:  Burst DIR for CINR<10 dB for 40% FL
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Figure 3:  Burst DIR2 for CINR<10 dB for 40% FL

Figures 4 and 5 compare the interference power ratios (defined in [2]) for the non-homogenous simulation results based on the real network data with those obtained from the homogenous simulation results in [2] for 40% FL for those bursts that experienced CINR<10 dB. Table 2 compares the median values of these interference power ratios. The real network data results are all higher (better) than those obtained for the homogenous system simulator. However, just as we had argued in [2], we believe that these differences in interference power ratios will cause very little or no difference in the final link to system level mappings that are generated from these two profiles. Hence we feel that is justified to use the link to system level mapping given in [2] for the non-homogenous system simulations. 
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Figure 4:  Interference Ratios for CINR<10 dB for 40% FL – Real Network Data
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Figure 5:  Interference Ratios for CINR<10 dB for 40% FL – Homogenous Simulator
Table 2: Median Values of Interference Ratios for 40% FL
	
	Real Network Data
	Homogenous System simulator

	c1/c2
	8.2
	7.1

	c1/c3
	15
	12.3

	c1/cr
	17.5
	12.3

	c1/a1
	16
	14.9

	c1/ar
	19.1
	17.9

	
	
	


Finally, we present capacity results in Figures 6 and 7.  Capacity is measured at the FL at which 95% of the users in the system experience less than 2.5% FER, where FER is measured over a 1.92 second duration. Figure 6 plots percentage satisfied users based on the above criterion versus percentage FL for the Philips conventional receiver, Philips SAIC receiver, and the Trellisware SAIC receiver for the non-homogenous system simulations with the real network data. Figure 7 is an exact reproduction of the capacity results figure given in [2] for the homogenous system simulations, and is shown here for comparison with Figure 6. 
Table 3 summarizes the capacity results for the three receivers at the 95% satisfied users threshold. It is observed that the absolute capacity numbers are significantly higher for the real network data results. This is attributed directly to the better interference environment observed in the real network data. 
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Figure 6:  Capacity Curves – Real Network Data
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Figure 7:  Capacity Curves – Homogenous System simulator
Table 3:  Capacity Results

	
	FL supported at 95% satisfied users at 2.5% FER

	
	Homogenous System Simulation Based on GERAN Parameters
	Non-Homogenous System Simulation Based on Real Network Data

	Philips conventional
	32.3 %
	36.4 %

	Philips SAIC
	44.9 %
	57.2 %

	Trellisware SAIC
	67.3 %
	72.9 %


Table 4 summarizes the capacity gain due to SAIC obtained from the Philips SAIC algorithm and the Trellisware SAIC algorithm for the real network data and the homogenous system simulations. These results show that for the real network data the Philips SAIC algorithm provides a 1.57x capacity gain over the Philips conventional receiver, while the Trellisware SAIC algorithm provides a 2.0x capacity gain over the Philips conventional receiver. 
Upon comparing the SAIC gains obtained from the real network data results with those obtained from the homogenous system simulations, it is encouraging to observe that the Philips SAIC algorithm is able to achieve a higher gain in the real network results than in the homogenous system simulation results (1.57x versus 1.39x). The Trellisware SAIC algorithm achieved almost the same gain in both the network configurations. 

In summary, results based on real network data from a Cingular network are very encouraging and suggest that SAIC has the potential to provide as good or perhaps better gains in a real synchronous GSM network than those indicated by the homogenous system simulation results presented in [2]. 

Table 4:  SAIC Capacity Gains
	
	Gain w.r.t. Philips Conventional Receiver

	
	Homogenous System Simulation Based on GERAN Parameters
	Non-Homogenous System Simulation Based on Real Network Data

	Philips SAIC
	1.39 x
	1.57 x

	Trellisware SAIC
	2.08 x
	2.0 x
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