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Downlink adjacent interference reduction

1 Introduction

Increasing spectral efficiency in GSM/GPRS/EDGE networks is crucial in order to follow the growing need for capacity and delivery of new services. The best way of gaining spectral efficiency is to fight against interferences, which is possible by improving the MS receiver block. Improving the downlink is essential indeed, as more and more applications require high downlink throughputs.

This contribution presents a technique of adjacent interference reduction, with a new pre-processing algorithm, providing significant gains with synchronous interferers. 

2 Description

2.1 Principle

The principle of this algorithm is to improve the pre-equalization process in order to reduce significantly the interference level before the demodulator. It brings up to 9dB gain for first adjacent interferences and up to 2dB for co-channel interferences. Simulations are provided below to illustrate the gain of the solution in different conditions. 

This algorithm is based on the assumption that interferers are synchronized and therefore requires network synchronization, on a burst basis. However, the algorithm tolerates a synchronization margin of several bits.

The solution does not depend on the number of interferers. 

The solution does not depend either on the training sequence codes used by the interferers.

The type of modulation is not a constraint: exactly the same process applies for GSMK and 8PSK modulated useful signal and interferers.

Moreover, in non-interfered conditions, the algorithm does not degrade at all the performances of the system.

2.2 Algorithm complexity

A great benefit of this algorithm is that it requires very little CPU and memory, and can be implemented at low cost in the MS receiver.

An estimation of the complexity increase compared to a traditional receiver is around 5% for baseband processing.

3 Simulations

3.1 Simulations conditions

The simulations presented below have been done in the following conditions:

· TU3 or TU50, 900 MHz,

· ideal frequency hopping

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

For TU50 conditions, only GMSK Raw BER simulation is provided, as all the TU50 simulations are practically identical to TU3 simulations.

3.2 Interference performance

3.2.1 Adjacent interference

The figures below show that for adjacent interferers, up to 9dB gains can be reached with GMSK modulation, and up to 6dB gains can be reached with 8PSK modulation.

·  GMSK Raw BER TU3 and TU50
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·  FS FER
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· MCS5 BLER
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3.2.2 Co-channel interference

The figures below show that for co-channel interferers, up to 1dB gains can be reached with GMSK modulation, and up to 3dB gains can be reached with 8PSK modulation.
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·  8PSK Raw BER
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NB: The gains obtained in these simulations may be slightly different if the reference receiver is modified.

3.3 Sensitivity performance

These improvements on interference performances do not have any impact on sensitivity performances, which are not degraded at all.

4 Capacity gains

A system level simulation was performed on a cluster of 19 tri sector sites based on the following configurations and assumptions:

1. All calls are EFR voice and benefit from synchronization

2. The simulator models 1*1 fractional reuse over 23 channels and traffic load is progressively increased until area availability just falls below 95%.   (Sites are spaced for approx 98% AAV at no load)

3. Synchronization allows tolerable forward link Co channel C/I to decrease by 1dB at 1% FER, adjacent channel C/I decreased by 9dB at 1% FER. The combined effect reduces average forward Eb/Nt requirement from 10dB down to 8.8dB in a noise averaged system level analysis.

4. A 2-slope propagation model with initial free space loss and slope of 35dB/decade beyond a breakpoint was used. Shadow loss standard deviation is 10dB. Sites are randomly offset from an even grid.

The simulation was performed for the cases with and without synchronous cancellation algorithm and the results are shown in table below

	Synch Fwd Noise Canceller
	Off
	On

	Forward Eb/Nt Target
	10
	8.8

	Reverse Eb/Nt Target
	5
	5

	 
	 
	 

	Frac Load @ 95% Availability
	15.7%
	19.4%

	Reverse Noise Rise
	3.65
	3.65

	Reverse Area Availability
	96.9
	96.9

	 
	 
	 


Note: The GSM system as modelled is marginally reverse link limited with reverse noise rise above 3dB. The potential for forward link capacity increase is not fully realized because the reverse link benefits less and reaches its capacity limit earlier.

Cells with high proportions of asymmetric data traffic biased to the forward link may realize higher capacity gains.

5 Conclusion

In this contribution, it has been seen that important gains can be achieved by improving the reception chain, for adjacent interferers in synchronous conditions.

Other ideas to improve receiver performances have been presented recently in [1] and [2], focusing on co-channel interferers. It should be noted that the algorithm described in this present document is fully compatible with the others: in some cases, the gain of the different improvements can be added up.

Standardization is not required to improve MS performances; however improving adjacent interference for MS specified in 45.005 would guarantee the operators better performances of the network in terms of capacity.
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