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1. Introduction

An important part of the present effort to evaluate the impact of SAIC technology on system performance is the study of how SAIC affects the performance of GPRS. This contribution presents some simulation results that show how GPRS throughput is affected by the penetration of SAIC terminals in the network. Also, the gains in speech quality can be seen. In the previous contribution [1], we presented simulation results for GPRS FTP traffic, whereas in this study our focus is on GPRS HTTP (Web) traffic, with the model proposed in [2]. This can be done without the change in the look-up tables, because according to [3] this kind of Web traffic does not change the interference distribution considerably.  

2. Simulation assumptions

The simulation scenario was based on Network Configuration 3 (2.4 MHz bandwidth with 12 hopping frequencies). The traffic consisted of 70 % speech and 30 % GPRS HTTP file transfers. Only the downlink traffic was simulated, and multislot class 3+1 was used. The simulations were done for three different SAIC penetration values: 0 %, 50% and 100%, representing the probability that a mobile terminal (using speech or GPRS) has a SAIC receiver.

In the GPRS simulations, LLC segmentation was taken into account and the RLC layer was modeled in fairly good detail (RLC segmentation, retransmissions, sliding windows, bitmaps etc.). TBF establishment and release procedures were also modeled, using delayed TBF release. The Web browsing traffic model used in this study is described in reference [[2]].

The speech traffic used DTX and the AMR 5.9 codec. A speech call was regarded as successful when its average downlink frame error rate was 2 % or less. Call dropping was not taken into account, since it was not relevant to this study. Other simulation parameters included the following: A downlink power control algorithm [4] based on RxQual/RxLev was employed for speech whereas no power control was applied to GPRS. Link adaptation with coding schemes CS1 and CS2 was employed for GPRS. A 65-degree antenna pattern was used. Only the hopping layer was simulated. 

3. Results of the network simulations

The simulation results are shown in the figures below. For speech, the quality indicator was the proportion of bad quality calls; for GPRS it was the average net throughput over the session.

Figure 1 depicts speech call quality and GPRS throughput as a function of the effective frequency load and the proportion of SAIC terminals in the network. The speech quality is given in terms of the proportion of bad quality calls, averaged over the SAIC and non-SAIC terminals. The GPRS throughput is averaged over the duration of the HTTP session, excluding waiting times.

Figure 2 depicts the gain in GPRS throughput as a function of the effective frequency load and the proportion of SAIC terminals in the network.

[image: image1.png]Prop. of bad quality call samples

10%

8% -

6% oo

GPRS (right axis)

—+— 0% SAIC
——50 % SAIC

P U e O NS ST SO S i
4% 100 % SAIC 10
L
Speech (left axi :
—_—
0% : : : : 0
20% 25% 30% 35% 40% 45%

Effective frequency load

Data throughput (kbits/s)




Figure 1. Speech call quality and GPRS Web traffic throughput.
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Figure 2. GPRS throughput gain with Web traffic.

4. Conclusion

This document shows clearly that SAIC benefits not only speech, but also GPRS. In a realistic mixed speech/GPRS traffic scenario, the relative throughput gains were up-to 13.5%, although the absolute gains were only a few kbps. The results are summarized in Table 1 below.

	SAIC penetration rate
	50%
	100%

	Relative GPRS throughput gain
	1.1% - 7.4%
	2.5% - 13.5%

	Absolute GPRS throughput gain [kbit/s]
	0.2 – 1.1
	0.5 – 2.1


Table 1. GPRS gains with SAIC: WWW model. 

For comparison purposes, Table 2 presents the results with FTP traffic [1]. The gains are higher in this case (note that absolute throughput values are also higher); up-to 37%.

	SAIC penetration rate
	50%
	100%

	Relative GPRS throughput gain
	5% - 17%
	7% - 37%

	Absolute GPRS throughput gain [kbit/s]
	1.4 – 2.5
	2.4 – 5.2 


Table 2. GPRS throughput gains with SAIC: FTP model [1].
The GPRS gains are mainly due to the better receiver performance of the SAIC terminals. However, as shown in reference [5], both SAIC and non-SAIC users benefit from the presence of SAIC terminals in the network. 

The results with Web traffic show much less gain from SAIC as with FTP traffic. It might be that after all, the DIR distribution is not as favorable for SAIC as with FTP traffic. On the other hand, the CIR values with Web traffic are better, hence leaving less room for SAIC gain. Furthermore, it should be noted that the simulator models also the extra protocol-related overhead included in the short TBFs the traffic model produces: TBF establishment delays, Pending ACK transmissions etc. This is seen in the absolute throughput values that are much less with Web traffic (max 35 kbps and 20 kbps with FTP and WWW models, respectively), and also that with Web model the throughput degrades much less as a function of load. This all means that the improvements in radio interface are not so important for bursty Web browsing traffic with short TBFs as with FTP traffic (having long TBFs).

To conclude, SAIC seems to provide clear benefits to users of both GPRS and speech services. For GPRS, gains with FTP-type of traffic are higher than with Web browsing traffic. 
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