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New Performance Results for SAIC Link Level
1 Introduction

Previous contributions [1] and [2] have shown the performance of the link simulation under GERAN interference profile [3].  This contribution shows GMSK link level performance for the same interference profile of a synchronous network.  The results are based on Blind Interference Cancellation (BIC) which is versatile and promises large link and network gain with very reasonable complexity.  
1.1 Interference Model

The interference is generated as shown in Figure 1. The carrier signal (with average power C) uses training sequence code TSC 0. Seven interference signals are added to the carrier, four co-channel interference sources and three adjacent channel interference sources. The signal and interferers (except the AWGN residual noise) are assumed to be GMSK-modulated and are fed through multipath fading channels. 12-tap channel fader is assumed for every signal. The average powers of the co-channel interfere are I1, I2 and I3, respectively. The dominant cochannel I1 is assigned TSC1, while the other two interferers are random assigned to any of the eight TSCs. The fourth co-channel interference is modeled as complex white Gaussian noise and is fed through a linearized GMSK pulse shaping filter with average power Irest.
The adjacent channel interferer is modeled as a GMSK modulated signal which is fed through a multipath channel. It has an average power of Ia1 and randomly chooses any of the eight TSCs on a burst basis. It is shifted +200 kHz relative to the carrier. The other two adjacent channel interference sources model the rest of the adjacent channel interference on the upper and lower 1st adjacent channel. They are modelled as two complex white Gaussian noise signals fed through linearized GMSK pulse shaping filters. Their average power of the residual is Ia,rest.
All multipath fading channels are uncorrelated to each other. All interferers are burst synchronised to the carrier. Transmitter frequency errors were not modelled.
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Figure 1  Interference model.

1.2 Interference levels

The average interference power levels are based on Configurations 2 and 3 are shown in Table 1.
	Scenario (frequency load)
	40 %
	70%

	1st co-channel interferer (I1)
	I1 dB 
	 I1 dB

	2nd co-channel interferer (I2)
	I1-6 dB
	I1-4 dB

	3rd co-channel interferer (I3)
	I1-10 dB
	I1-8 dB

	Rest co-channel interference (Irest)
	I1-9 dB
	I1-5 dB

	1st adjacent channel interferer (Ia1)
	I1+4 dB
	I1+4 dB

	Rest adjacent channel interference (Ia,rest)
	I1+3 dB
	I1+4 dB

	DIR (from average power levels)
	2.6 dB
	0.2 dB

	DIR2 (from average power levels)
	-0.7 dB
	-1.4 dB

	C/Itot (average)
	-10:2.5:10 dB
	-10:2.5:10 dB


Table 1 Interference levels for Configuration 3.

2 Simulation assumptions

· 10000 bursts per simulation point were used for the long term simulation.

· Receiver impairments, Doppler frequency and BTS frequency offset are not included.

· Interferers are GMSK.
· Network is perfectly synchronized.
· TU3 channel with ideal frequency hopping. Frequency correlation was not taken into account for both the conventional and SAIC receivers.
· The reference receiver is a standard compliant with some margin.

3 Simulation Results

3.1 Link level Long Term Average Performance 
Figure 2 shows the long term raw Bit Error Rate (BER) versus C/Itot for 40% FL. “CW SAIC” indicates Cingular Wireless SAIC while “Conven. Rec” indicated the conventional receiver. 
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Figure 2. Raw BER versus C/Itot in 40% load scenario for TU3.

3.2 Link Level Burst Performance 

Figure 3 shows the burst BEP (Bit Error Probability) versus burst C/I for FL=40%.  Figure 4 shows the same relationship for FL=70%.
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Figure 3 Burst BEP verus Burst C/ Itot for 40% load for TU3
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Figure 4 Burst BEP verus Burst C/ Itot for 70% load for TU3
3.3 TSC vs. Random

Figure 5 shows the performance of CW SAIC with random data and CW SAIC with TSC as defined in [3] versus the performance of the conventional receiver at FL=40%. The performance improvement of the CW SAIC RND data over CW SAIC is presumably due to the cross-correlation of the TSCs which are not perfectly orthogonal. Cingular’s suggestion to mitigate this problem, from network perspective, is proposed in [4].
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Figure 5  Performance of perfectly synchronized network for CW SAIC with TSC described in section 2.1 and CW SAIC with random data vs. conventional receiver
4 Simulation statistics

Figure 7 a and b show the CDF for burst BEP for 40% and 70%, respectively.
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Figure 6  shows the CDF for Burst BEP  for (a) 40% (b) 70%
5 Complexity

The algorithm used to generate this receiver performance is a blind interference algorithm. The MIPS of this algorithm was not estimated, however, the simulation time show a factor < 2 compared to the conventional receiver. 
6 Discussion

From the link simulation results in section 3, it is clear that the gain from SAIC in the exemplary interference scenarios is significant. The CDF of BEP indicates such gain. The users with very low burst C/I will experience significant improvement with SAIC receiver compared to a conventional receiver. Therefore, the SAIC user will not need to power up to improve its receiver performance which will reduce network interference. As a result the network capacity will increase. 

The link level performance shown in this paper is very much suited to AMR with low Codec rate where it adds more robustness to the current performance. The performance of GPRS has not been evaluated here.  But it is expected to benefit as well from the link level improvements.
7 Conclusion

This paper shows an exemplary link level performance results for the model adopted by GERAN [3] and has been evaluated based on BIC. The performance gain shows a ~ 10 dB gain over conventional receiver for ~ 8% BER at 40% load. The performance presented here are for synchronous networks.  Further performance study of the asynchronous network will be evaluated next. The link algorithm used for this evaluation promises significant gain and shows that SAIC is a viable technology to standardize. With such link level gain, we expect the network to easily exceed the 100% capacity gain benchmark. 

Given these link performance results, performance shown in contributions [5] -network gain performance results for other vendors- and considering the real network performance data presented by Cingular [6], we strongly feel that SAIC is a viable technology to standardize.  We believe that SAIC offers significant radio performance improvement for GERAN. Since most of the items discussed in the feasibility study have been addressed, we would like understand and note the items left so that we can address next meeting and bring the feasibility study to conclusion within the proper time frame (e.g. August).
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