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1 Introduction

SAIC performance analysis has often focussed so far on synchronous networks, which are providing highest capacity improvements. However, most existing networks are operating in non-synchronized mode, and SAIC should show significant improvements also in these networks, including increase in capacity. Based on preliminary assumptions, asynchronous link simulation results for Philips MIC technology have been presented at GERAN#15 [5] and #16 [6]. After intensive discussion at GERAN#16 [8], in a SAIC conference call and on the reflector, the structure of the asynchronous GERAN link simulation model has been fixed [9].

In this contribution, link simulation results for MIC/SAIC in non-synchronized network configurations 1 to 4 are presented. In Section 2, the simulation assumptions are summarized. Section 3 describes the results. Conclusions are drawn in Section 4.

2 Simulation assumptions

The asynchronous GERAN link simulation model agreed in [9] is used in the following. Compared to the preliminary model assumptions for model type I and II used in earlier asynchronous simulations [6], the new model has the following similarities and enhancements:

· The timing structure is a uniform delay distribution over 2 time slots (like model type I), but now mixed with a discrete probability for zero delay, which represents intra-cell interference for network configurations 2 and 3.

· Amplitude variations due to power control are modelled by an amplitude factor for the adjacent burst without modification of the main burst (like model type II), but now according to a normalized random distribution applied burst-by-burst.

· In the option with DTX, this additional amplitude variation is modelled by absence of the adjacent burst with a given probability, in this case with compensation of the average power reduction by appropriate scaling of the whole burst (including the main burst, like in model type I).

SAIC network configurations 2 and 3 are defined for both synchronous and asynchronous operation. Since the synchronous and asynchronous GERAN link simulation models share a common concept, the same power level parameters of the interference components are applicable. Parameters for the asynchronous configurations 1 and 4 have been agreed based on proposals by Ericsson [3] and Motorola [4], with averaging and rounding as applied in [7]. The attenuation of the interferer components is summarized for all 4 configuration/load scenarios in Table 1. 

	
	Attenuation (dB) of interference components

	
	cochannel
	adjacent channel

	configuration
	load
	i1
	i2
	i3
	ir
	iac1
	iacr

	1
	n.a.
	0
	10
	20
	n.a.
	15
	20

	4
	30 %
	0
	9
	17
	20
	16
	21

	2/3
	40 %
	0
	6
	10
	9
	14
	15

	3
	70 %
	0
	4
	8
	5
	14
	14


Table 1: Attenuation parameters of discrete and residual interferers used for simulations

Link level results for the synchronous case from GERAN #15 [2] are still directly comparable to the new asynchronous results in this paper, because all other model assumptions are equivalent in results and the same floating-point version of Philips MIC/SAIC technology has been used here. Further optimization for the asynchronous GERAN link scenario might be possible.

3 Results
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Figure 1: FER performance for TCH/AFS, asynchronous GERAN model [9], no DTX:
a) configuration 1, load n.a. 
b) configuration 4, 30% load, 
c) configuration 2/3 at 40% load, 
d) configuration 3 at 70% load, 
Including TSCs, frequency offsets and receiver impairments. 
Specification points for continuous interferer from [1] for comparison.

Figure 1 shows the FER performance for TCH/AFS 12.2, 7.95 and 5.9 for the asynchronous GERAN model without DTX. The gain by MIC/SAIC compared to the conventional equalizer, measured at 1% FER, is 2.0 – 3.5 dB, depending on the configuration and the coding scheme. 

· For configurations 1 and 4, there is very little difference in performance and the gain is always in the range 3.2 – 3.5 dB. 

· For configurations 2 and 3, the gain is lower and decreases with the frequency load. The minimum gain is 2.2 dB for 40% load and 2.0 dB for 70% load.

Corresponding average bit error rates before channel decoding are shown in Figure 2 for all 4 configuration/load cases. 
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Figure 2: BER before channel decoding, asynchronous GERAN model [9], configurations 1-4.
Including TSCs, delays, frequency offsets and receiver impairments. 
TCH/FS RBER class II specification point for continuous interferer from [1] for comparison.

Table 2 summarizes the main results. It is worth noting that the gain in BER is identical to the minimal gain observed with FER.

	configuration
	Load
	Gain @ 1% FER

(AFS5.9 ... 12.2)
	Gain @ 10 % BER

	1/4
	n.a./30%
	3.2 … 3.5 dB
	3.2 dB

	2/3
	40 %
	2.2 … 2.4 dB
	2.2 dB

	3
	70 %
	2.0 … 2.2 dB
	2.0 dB


Table 2: MIC/SAIC link performance gain for asynchronous GERAN model [9], configurations 1-4, including TSCs, frequency offsets and receiver impairments.

The same simulations have been carried out also with DTX, but only minor performance differences were observed, therefore these figures are not shown. 

4 Conclusions

The agreed asynchronous GERAN SAIC link simulation model turned out to be practically applicable for simulations. It showed encouraging performance results with an existing SAIC technology. The gain being more than 2 dB in highest-capacity network designs, which tend to become operated synchronously in the future and the gain of  more than 3.2 dB in interference situations in frequency-planned network designs clearly indicates the relevance of SAIC enhancement for worldwide GSM networks.

In a next step, the results should be consolidated between the companies involved. While different SAIC technologies are considered, the conventional receiver performance can be used as a valuable reference point.
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