3GPP TSG-GERAN SAIC Ad-hoc

Tdoc GAHS-030027
Schaumburg, IL, USA, 26-28 October, 2003 



Source: Cingular

Effect of SAIC Terminal Penetration on GSM System Capacity
1.  Introduction

In a prior Cingular contribution made to TSG-GERAN [1], we showed that for a 100% penetration of SAIC-capable terminals in the network, 39% to 100% increase in overall system capacity can be obtained depending upon the type of SAIC algorithm used. However, these results did not show how the system capacity is affected by various levels of SAIC terminal penetration. In this contribution we show the relation between system capacity gain and SAIC terminal penetration. 

2.  Results

To investigate the effect of SAIC terminal penetration on system capacity, we simulated a GSM network with 1/1 reuse, random frequency hopping (FH) over 12 frequencies, discontinuous transmission (DTX), and downlink power control (DPC), which corresponds to the simulation assumptions for configuration 3 of the GERAN SAIC Feasibility Study [2]. Every time a call is generated in the simulation, a uniform random number is compared with the specified SAIC penetration rate to decide whether that call is SAIC-enabled or not. The simulations are run long enough to generate statistically confident estimates. All results presented in this report are for the AFS59 vocoder and the receiver models provided by Philips Semiconductors for conventional and SAIC (MIC–Mono Interference Cancellation) receivers. Further details and specific simulated parameters are given in [1].

Figure 1 shows the GSM system capacity in Erlangs per sector (for the hopping layer only) for various levels of SAIC terminal penetration
. Note that capacity numbers are for specified target FER thresholds (2% or 2.5%) achieved at the 95th percentile on the cumulative distribution function (CDF) of FER. FER is measured over speech segments of 1.92 seconds. Figure 1 indicates that as the SAIC terminal penetration goes up the overall system capacity gradually starts increasing with the peak capacity obtained at 100%  penetration.
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Figure 1: System capacity in Erlangs per sector (hopping layer only)
Figure 2 shows the gains in system capacity of a network with various levels of SAIC terminal penetration. The gains shown are with respect to a network with 0% SAIC terminal penetration (i.e. all terminals are conventional receivers). As in Figure 1, two sets of results are shown for FER targets of 2% and 2.5%. The following observations can be made from Figure 2.

· Capacity gain due to SAIC is not linearly related to SAIC terminal penetration

· Capacity gains greater than ~20% are achieved for SAIC terminal penetration levels greater than 80%. At lower penetration rates there will still be a capacity gain but it will be modest compared to the gain at higher penetration rates.  For example the capacity gain at 50% penetration is ~10%.
· Individual SAIC-enabled terminals will see an immediate improvement in their call quality (better FER) even at very low SAIC terminal penetration rates.

· Hence, for low to moderate terminal penetration rates, SAIC is expected to provide its primary benefit in terms of immediate improvement in call quality (and GPRS data rate) of SAIC-enabled terminals, with the secondary benefit of modest system capacity gain.

· For high terminal penetration rates, SAIC is expected to provide both, improvement in call quality of SAIC-enabled terminals as well as large gain in overall system capacity.
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Figure 2: System capacity gain due to SAIC

Finally, we compare our results with results presented by Motorola and Siemens in recent contributions to the TSG-GERAN #16 meeting ([3] and [4]). This comparison is not totally accurate because the results generated by Motorola and Siemens are based on FER averaged over the entire call duration while our results are based on FER averaged over 1.92 seconds. Another difference is that our results are based on Philips’ MIC algorithm while those of Motorola and Siemens are based on their own respective SAIC algorithms. Nevertheless, such a comparison is useful to validate the non-linear nature of the relation between SAIC terminal penetration and SAIC capacity gain.
Figure 3 shows system capacity gains due to SAIC versus SAIC terminal penetration rates for a 2% target FER achieved at the 95th percentile on the CDF of FER. In spite of the difference in assumptions, all three sets of results presented show a generally similar non-linear relationship between system capacity gain and SAIC terminal penetration. 
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Figure 3:  Comparison with other results presented at TSG-GERAN
3.   Conclusions

In this report we have investigated the effect of various levels of SAIC terminal penetration in a GSM network deployed in a 5 MHz market (with 12 hopping carriers). The following conclusions can be made from the results presented in this report.

· As the SAIC terminal penetration goes up the overall system capacity gradually starts increasing with the peak capacity gain obtained at 100% penetration.

· A large part of the system capacity gain due to SAIC will be realized in the network when SAIC terminal penetration levels are high (80-100%). At lower penetration rates there will still be a capacity gain but it will be modest compared to the gain at high penetration rates.

· For low to moderate terminal penetration rates, SAIC is expected to provide its primary benefit in terms of immediate improvement in call quality (and GPRS data rate) of SAIC-enabled terminals, with the secondary benefit of modest system capacity gain.

· For high terminal penetration rates, SAIC is expected to provide both, improvement in call quality of SAIC-enabled terminals as well as large gain in overall system capacity.
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� These results do not include the effect of standard deviation of bit errors in the link to system level mapping causing the absolute capacity numbers to be slightly lower than expected.
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