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Frequency Offset Considerations for SAIC Link-Level Simulations

1. Introduction

In the last SAIC Workshop #2, a set of link level simulation assumptions has been agreed‎[1]. The issue of frequency offset has also been discussed, but could not be concluded and left for further study. Since the BTS has a frequency tolerance, there may be a frequency difference between the BTS generating the wanted signal, and BTSs generating the dominant interference. In addition the MS may have an addition frequency error. Some SAIC algorithms may depend on some level of coherency with the dominant interferer. Therefore, it is important to check the robustness of the different algorithms to such frequency errors. This contribution proposes how to model the frequency offsets in the link-level simulations of the SAIC receiver.

2. Discussion

Although several approaches to SAIC exist, most rely on the existence of a single dominant GSM interference source for each burst, which the SAIC receiver attempts to cancel during the detection process. The source of the dominant interfering signal, however, may be a different cell for each burst.

TS 45.010 allows a BTS frequency tolerance of 0.05ppm, which is about 50Hz for the 900MHz band, and 100Hz for the 1800/1900MHz band. For each BTS the frequency error may be assumed to have a normal distribution such that,
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, where 3BTS = 100Hz, or BTS = 33Hz.

As the MS is tracking the wanted BTS0, it experiences the frequency offset to the dominant interfering BTSi, which is the combined offsets of the two BTSs. This offset may be modeled, without loss of generality as the sum of two such independent normal random variables, i.e.
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In addition, the MS is allowed a tracking tolerance of 0.1ppm. This error strongly depends on the AFC algorithm used by the receiver, on the hopping method, and is more difficult to model. In realistic cases the frequency estimation error will be lower than the allowed tolerance, and corrections will tend to be quantized. Hence, for the Nominal Error Rate requirements for 8-PSK in TS 45.005 the following model has been used. The frequency of the input signal is modulated, on a burst-by-burst basis, by the maximum frequency error (0.1ppm). For each burst the sign of the frequency offset is chosen according to a 511-bit pseudo-random sequence, defined in ITU_T Recommendation O.153. The pseudo-random sequence in this model prevents the AFC algorithms from using long-term averaging‎[2]. 

It is further proposed not to use the maximal allowed frequency tracking tolerance, but a realistic value of 100Hz for both the 900MHz, and 1800/1900MHz frequency bands.

As a simpler alternative, the frequency tracking error of the mobile may be modeled as a normal random variable, such that,
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, where 3MS = 200Hz, or MS = 67Hz.

The wanted and interfering signals will also have an apparent frequency error due to the Doppler shift. However, since in the network scenarios defined for SAIC pedestrian velocity has been assumed, this effect may be neglected here.

The total frequency offset, therefore needs to be modeled as the sum of the MS frequency offset(
[image: image4.wmf]MS

f

D

), and that of the difference between the serving BTS and dominant interferer(
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). Since each of the three strongest interferers may be dominant at specific bursts, it is proposed to modulate the frequency offset of each of them.

3. Proposed Simulation Models

Option 1

The frequency each of the three strongest interference signals is modulated, on a burst-by-burst basis, by a random frequency error. For each burst, the frequency error (
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) is a normally distributed random variable with zero mean, and a standard deviation of 67Hz.

The frequency of the wanted signal is modulated, on a burst-by-burst basis, by an offset magnitude of 100Hz. For each burst the sign of the frequency offset is chosen according to a 511-bit pseudo-random sequence, defined in ITU_T Recommendation O.153.
Option 2

The frequency of the three strongest interference signals is modulated, on a burst-by-burst basis, by a random frequency error. For each burst, the frequency error (
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) is a normally distributed random variable with zero mean, and a standard deviation of 67Hz.

The frequency of the wanted signal is modulated, on a burst-by-burst basis, by a random frequency error. For each burst, the frequency error (
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) is a normally distributed random variable with zero mean, and a standard deviation of 67Hz.

Option 3

This option may be easier to eventually implement with test equipment.

The frequency of the wanted signal, and that of the three strongest interference signals are each modulated, on a burst-by-burst basis, by an offset magnitude of [TBD] Hz. For each burst the sign of the frequency offset is chosen according to a 511-bit pseudo-random sequence, defined in ITU_T Recommendation O.153. Uncorrelated phases of the bit sequence are used for each signal.
4. Conclusions

It has been agreed that the SAIC class of receivers may be sensitive to frequency offsets between the serving cell, the target MS, and interfering cells. This paper briefly analyzed the frequency offsets experienced by the SAIC receiver. Three options are proposed for modeling such offsets at the link-level simulation done within the SAIC feasibility study. Adopting one of these models will help verify the robustness of SAIC algorithms to typical frequency errors, and ensure that the performance results that shall be mapped to the system–level are realistic ones.
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