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Dependence of DIR and DIR2 Statistics on Frequency Load

1. Introduction

At the TSG-GERAN SAIC workshop on 8-9 January, 2003 simulation results were presented showing statistics of DIR and DIR2 (defined below) for one or two values of frequency load for a 1/1 reuse GSM network [1][2]. In this contribution we have attempted to characterize how DIR and DIR2 statistics vary over a broad range of frequency loads. 

Section 2 presents some terminology definitions and section 3 presents the simulation methodology, model assumptions, and results. 

2. Terminology
For the hopping TCH layer the Frequency Load (FL) is defined as the number of Erlangs supported in a cell divided by the total number of hopping time slots in the cell. This constitutes the total hopping space in that cell. Hence assuming that all 8 time slots are available to voice service, FL is defined as,
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The DIR or Dominant to rest of Interference Ratio is defined as the ratio of the power, Id, of the strongest co-channel interferer over the summation of the powers, Ik, of all the other co-channel interferers as defined below.
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DIR2 or second dominant to rest of interference ratio is defined as the ratio of the power, Id2, of the second strongest co-channel interferer over the summation of the power, Ik, of all the remaining co-channel interferers, excluding the power of the strongest dominant interferer, Id as defined below.
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3. Simulation Model and Results

System level simulation results have been generated using a dynamic event-driven network level simulator that models a 1/1 reuse macro cell synchronized GSM network with cells laid out in an idealized cloverleaf or corner-excited pattern. 75 cells have been modeled in a rhomboidal pattern with 60 degree antenna patterns from a commercial antenna vendor. Mobile stations are uniformly distributed across the simulation area and move in random directions. The simulator employs wrap-around to prevent end-effects. Table 1 below shows some of the simulation model parameters used to generate the results presented in this contribution.
Table 1.  Simulation Parameters
	Parameter
	Default Value

	Reuse pattern
	1/1

	Spectrum
	2.4 MHz (hopping layer only)

	Carriers
	12

	Frequency hopping
	Synthesized random hopping with MAIO management

	Cell layout
	Cloverleaf pattern (corner-excited cells)

	Site-to-Site distance
	3 km

	Tiers of interferers
	2

	Wrap around
	ON

	Channel profile
	TU

	Propagation model
	Slope Intercept (21 + 35log(d))

	Propagation frequency
	900 MHz

	Path loss exponent
	3.5

	Log normal fading STD
	6 dB

	Correlation distance
	110 m

	Antenna pattern 3dB beamwidth
	60o

	Handover margin
	3 dB

	MS speed
	3 km/h

	DTX voice activity factor
	0.6

	Downlink power control
	RXLEV + RXQUAL based with 14 dB dynamic range

	Call dropping algorithm
	RXQUAL based leaky-bucket type algorithm – Turned OFF when collecting DIR and DIR2 statistics

	Handover algorithm
	RXLEV and RXQUAL trigger based algorithm


Figures 1 and 2 show cumulative distribution functions (cdfs) of the DIR and DIR2 observed at the burst level for 10%, 20%, 40%, and 60% frequency loads. These results have been plotted for only those bursts that observed a C/I ratio of less than 9 dB, which is the range where the benefits of SAIC are needed the most. 

It can be observed based on Figure 1 that as the frequency load varies from 10% to 60% the DIR and DIR2 cdfs shift considerably to the left. For a frequency load of 10% about 3% of the simulated bursts experience DIR values of less than 0 dB, whereas for a high frequency load of 60% about 28% of the DIR values are less than 0 dB.  

Figure 2 presents results for DIR2, which indicates the dominance of the second strongest co-channel interferer over the remaining co-channel interferers. For a frequency load of 10% only 10% of the simulated bursts experience DIR2 values less than 0 dB. However, as the frequency load increases to 60%, there is a much higher, almost 57% probability, that simulated bursts experience DIR2 values less than 0 dB. 

The results presented in Figures 1 and 2 for 20% frequency load are in relatively good agreement with the DIR and DIR2 curves shown for a 25% frequency load in contribution [1] presented at the TSG GERAN SAIC workshop. 

In order to be consistent with other simulation results to be developed in GERAN, our future results will be based on the agreed upon simulation parameters defined in [3].  We did not have time to make all of the necessary modifications to our network simulator to be in full compliance with [3] but we intend to do so.  For example, the results in this contribution do not include the effects of adjacent channel interference (ACI), but future contributions will include ACI. 
The results presented in this contribution will be used with other results presented in GERAN to characterize the interference environment to be used to determine the link level performance of candidate SAIC algorithms, and to ultimately define the link-to-network level mapping required to develop system capacity estimates.
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Figure 1.  DIR cdfs for various frequency loads and C/I<9dB
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Figure 2.  DIR2 cdfs for various frequency loads and C/I<9dB
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