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1
Introduction

Co-channel interference is considered to be the limiting factor of GSM networks.

Multiple receive antennas can be used to combat interference, but these techniques mostly target at base station applications [1]. In the MS, limitations in space, cost and power consumption typically preclude the use of multiple antennas and separate receiver branches. Nevertheless improvements are highly desirable to increase quality of service and capacity of GSM networks for voice and data. Therefore interference cancellation based on a single receive antenna and receiver chain is addressed here.  

2
Description

In this section two possible techniques are described, which can provide significant link level gains.  The two techniques  can be classified as joint demodulation and blind interference cancellation.  The results presented are for GMSK signals, but going forward we do not want to preclude investigations into techniques suitable for 8-PSK signals, or a mix of 8-PSK and GMSK signals.

2.1
Joint demodulation link-level simulations for synchronous networks

In synchronous networks joint demodulation techniques can be applied, which rely on detecting the training sequences of the wanted and interfering signals separately and using them for channel estimation. 

The performance gain of joint demodulation is summarized as follows:

Realistic conditions for receiver impairments [2] and frequency offsets were assumed in these simulations. 

Frequency offsets consists of an error caused by MS receiver plus a frequency error between wanted signal and interfering signal due to different LO frequencies in serving and interfering BTS. 

Simulation results indicate a link gain of between 12.5 to 16 dB in the class 2 BER at the 3% reference point over the delays that would be encountered in a synchronized network with 1/1 reuse and frequency hopping with fractional load (assumes TU50 with ideal FH).  The corresponding gains in FER for the FR at the 1% reference point are 7.5 to 13.5 dB for TU50, and 6.7 to 14.0 dB for TU3, both with ideal FH.  These results assumed a single interferer, and that the desired signal used Training Sequence Code 0 (TSC0), while the interferer used TSC1.  Other combinations of TSCs may produce better or worse results.  Section 2.3 provides performance curves for the perfectly synchronized condition (no delay between wanted and interfering signals).

2.2
Blind interference cancellation link-level simulations for asynchronous networks

Alternative interference cancellation techniques are applicable as well, which rely on detecting the training sequence of the wanted signal only, whereas the training sequence of the interferer is assumed to be unknown. These techniques can therefore be called blind. They allow even cancellation of a random, continuous, GMSK‑modulated interfering signal (as used for defining and testing MS co-channel interference performance) or real interferers in asynchronous networks. These techniques can be implemented in mobile stations with realistic DSP capability.

The performance of blind interference cancellation techniques is nearly in the same order as of joint demodulation with known trainings sequence of the interferer.  Link-level co-channel and adjacent channel performance improvements observed in simulations so far are in the range of 5 dB (high mobility) to 10 dB (low mobility) for the case of random, continuous, GMSK‑modulated interfering signal. The improvements affect the error rates before and after channel decoding as well. The same realistic conditions for receiver impairments [2] and frequency offsets (200 Hz for wanted and 300 Hz for interfering signal) were assumed in these simulations. All GMSK-modulated channels are improved in a similar way, while 8PSK-modulated channels are still more challenging and not considered here for this particular technique. The advantages of the proposed MS interference performance improvements are better voice quality (FR, EFR, HR, AMR), higher data throughput (CSD, GPRS, MCS1-4) and more robust signalling (e.g. SCH, SACCH).

2.3 Link-level performance curves for joint demodulation and blind interference cancellation
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Figure 1 shows the class 2 BER performance for joint demodulation and blind interference cancellation for perfectly synchronized GSM bursts for TU50 with ideal frequency hopping.  The gain at the 3% BER reference point over an MS with a conventional equalizer is estimated at approximately 11.5 to 13.5 dB for the two techniques, respectively. 

Figure 1. Class 2 BER performance for TU50 with ideal frequency hopping.

The FER performance for the two techniques for TU50 and TU3 with ideal frequency hopping for perfectly synchronized bursts are shown in Figures 2 and 3, respectively.  The gains at the 1% FER reference point at TU50 are approximately 12.5 to 13.0 dB, while the gains at TU3 are 12.0 to 13.5, respectively.  Thus, both techniques provide significant link gains in both BER and FER.   
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Figure 2.  FER performance at TU50 with ideal frequency hopping.
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Figure 3.  FER performance at TU3 with ideal frequency hopping.

2.4
Network-level simulations 

When translating the link-level performance gains described before to network-level gains, the joint distribution of individual co-channel interference powers [4] becomes relevant. Typically one of the interferers will be dominant and cancelled by the algorithm, while other interferers will be treated like noise. This reduces the performance gain to about 3-6 dB acceptable co-channel C/I reduction at the network level (depending on various characteristics not considered here). These analyses generally confirm the expectation of huge capacity gains as described in [3].

Thus, going forward we recommend that as part of REL-6 activities that prospective single antenna interference cancellation techniques be considered, which are capable of producing the link level and network level gains described above, and which can be practically implemented in an MS.  We recommend that the investigation of these techniques be adopted as a work item within 3GPP TSG-GERAN at this time. 

3
Standardization

Improved receiver performance in principle does not require any standardization, since the advantages will become effective for the user in any case. However, tightening of reference interference level specifications, which was also proposed in [3] will facilitate exploitation by the operators at a network level for capacity and quality of service. Standardization of these MS requirements should fix a clear reference for compliance tests and give full control over the advantages to the operators.    
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