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Single Antenna Interference Cancellation (SAIC): 

Whitening Process for adjacent interferers

1 Introduction

This contribution provides additional simulation results to those presented in [1] at 3GPP TSG-GERAN #11 in Los Angeles, on a pre-processing algorithm in the receiver of an MS.

The principle of the algorithm is to improve the pre-equalization process in order to reduce significantly the adjacent interference level before the demodulator. The best results are obtained when the spectrum of the received signal is not already white: when there is only an adjacent interferer, up to 10dB gain can be obtained. The case where there is left-adjacent interferer, a co-channel interferer and a right-adjacent interferer represents therefore a situation where this whitening algorithm will be less efficient. However, this case is not very frequent and the algorithm still brings 1dB gain. 

In noise-limited conditions, the algorithm does not degrade the performances of the system.

The main advantages of this whitening algorithm is that:

- it works with GMSK and 8PSK useful/interfering signals,

- it is independent of the training sequence code (TSC) of the interferers,

- if there are several adjacent interferers on the same side of the wanted signal, the gains achieved will be exactly the same as if there were only one adjacent interferer,

- it has very low complexity: an estimation of the complexity increase compared to a traditional receiver is around 5% for baseband processing.

The new simulations presented in this document focus on effect of de-synchronization, GMSK/8PSK mix of useful and interfering signals, mix of adjacent and co-channel interferers, AMR and noFH conditions.

For more convenience, a table in §2.1 summarizes the results presented in [1].

2 Whitening algorithm performance

Unless specified otherwise, all the simulations presented in this document have been conducted in the same conditions:

- ideal frequency hopping (noFH case is studied in §2.6)

- TU3 / 900 MHz (TU50 / 900 MHz simulations have provided practically the same results) which is equivalent to TU1.5 / 1800MHz

- wanted signal uses TSC0 (for these simulations, TSC1 has been used for the interferer, but any other TSC would have provided the same result as the algorithm is completely independent of the TSC used by the interferer)

- interferer (adjacent or cochannel) is perfectly synchronized with the wanted signal, i.e. there is no delay between the desired signal and the interferer. Impact of de-synchronization is studied in §2.2.

- the reference receiver used for these simulations is a classical receiver compliant to the standards.

2.1 Adjacent and co-channel interferers for GMSK and 8PSK modulations

The table below summarizes the gains brought by the whitening algorithm on adjacent and co-channel interferers for GMSK and 8PSK channels, compared to a classical reference receiver (the curves can be found in [1]):

	Channel type (all TU3 iFH)
	Gain with 1

adjacent interferer
	Gain with 1

cochannel interferer

	
	
	

	GMSK @ 10% BER
	9 dB
	1 dB

	GMSK FS @ 1% FER 
	10 dB
	1 dB

	GMSK MCS1 @ 10%BLER 
	9 dB
	1 dB

	GMSK MCS2 @ 10%BLER 
	9 dB
	1 dB

	
	
	

	8PSK @ 10% BER 
	6 dB
	2 dB

	8PSK MSC5 @ 10%BLER 
	4 dB
	2 dB

	8PSK MSC6 @ 10%BLER 
	4 dB
	2 dB

	8PSK MSC7 @ 10%BLER 
	5 dB
	2 dB

	8PSK MSC8 @ 10%BLER 
	6 dB
	2 dB

	8PSK MSC9 @ 10%BLER 
	6 dB
	2 dB


2.2 Impact of unsynchronization on whitening algorithm performances

In all the previous simulations, perfect synchronization was assumed between the wanted signal and the interferer. However, even in a synchronized network, there will often be a shift between the various received signals at the MS receiver, due to propagation delay of the signals coming from distant BTS’s (a distance of 10 km represents roughly 10 bits delay).

This simulation shows the gain brought by the whitening algorithm for various delays, from 0 to 74 bits, which corresponds to half of a burst length and is the most unsynchronised situation. The main interferer is a right adjacent interferer, and the secondary interferer (appearing when the main interferer is shifted along the burst) is a left adjacent interferer. These two interferers are completely independent.

[image: image1.wmf] 


These curves show that at 10% BER, even with a delay of 74 bits between the wanted signal and the adjacent interferer, there is less than 3dB loss compared to a perfectly synchronized situation, i.e. the gain brought by the whitening algorithm compared to a reference receiver is more than 6dB. Therefore, this algorithm provides very interesting gains even in non-synchronized networks (this situation corresponds to an average of these various delays).

2.3 GMSK/8PSK interferer on 8PSK/GMSK wanted signal

The figures below show the impact of an 8PSK interferer on a GMSK useful signal, and a GMSK interferer on a 8PSK useful signal: the curves are identical, which means that the modulation of the interfering signal does not impact on the gain brought by the whitening algorithm.

Useful signal: GMSK, Interfering signal: GMSK/8PSK
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Useful signal: 8PSK, Interfering signal: GMSK/8PSK
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2.4 Mix of adjacent and co-channel interferers

The following simulations show the gains provided by the whitening algorithm in several typical scenarios, on FS FER. As explained in the introduction, the whitening algorithm is less efficient when the spectrum occupied by the interferers is very full. This can be checked on the figures below.

Two symmetrical adjacent interferers (one on each side of the wanted signal)
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In this simulation, the 2 adjacent interferers have the same power. C/I represents C/(I+ + I-).

At 10%BER, the gain brought by the whitening algorithm compared to the reference receiver is of 7dB.

Two symmetrical adjacent interferers and a co-channel interferer
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In this case, the 2 adjacent interferers have the same power, and Ia/Ic = 18dB.

C/I represents C/(I+ + Ic + I-).

The gain brought by the algorithm is of 1dB at 10% BER.
2.5 AMR with adjacent interferer

AMR simulations where run with and without activating the whitening algorithm with a single adjacent interferer, in order to check the incremental gain of the algorithm. The results in terms of FER vs C/I are provided in the figure below. 

The AMR mode in this case is AFS4.75.
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Here again, the gain provided by the whitening algorithm is 10dB at 1% FER.

2.6 No frequency hopping

The following curve shows the results obtained in noFH conditions, 

TU3 noFH with one adjacent interferer:
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TU3 noFH with one co-channel interferer:
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The incremental gain due to the whitening process is the same as in iFH conditions, i.e. 9dB gain for adjacent interferer and 1dB gain for co-channel interferer at 10%FER.

3 Conclusion

Typical scenarios in many networks consist of a single dominant interferer, either co-channel or adjacent. Other algorithms provide interesting results for co-channel interference, whereas a whitening algorithm is more efficient on adjacent interferers. A combination of these 2 types of algorithms would provide considerable gains in almost any interference scenario. Some simulation results combining 2 types of algorithm should be provided at the next GERAN meeting.
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