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Downlink GMSK Interference Suppression

1 Introduction

In this contribution, it is demonstrated how link performance and system capacity can be greatly improved by downlink interference suppression. Simulation results are presented for an interference suppression technique for GMSK modulated signals and interference, especially suitable for implementation in MS receivers.

2 Background

A continuously increasing traffic in mobile networks can be expected. This is partly due to the increase of mobile voice traffic, but also due to new services requiring more bandwidth. At the same time, the amount of new spectrum available is very limited. Therefore, increasing the spectrum efficiency is essential in order to meet the increasing demands on capacity and maintain and improve the competitiveness of operators deploying GSM/GERAN.

It is well known that interference suppression techniques are powerful to improve spectrum efficiency. For uplink receivers, such techniques are already widely spread, but for downlink receivers, they are not commonly used due to complexity limitations in mobile stations and practical drawbacks of having multiple MS antennas and receivers. This inequality is unfortunate especially since it is commonly believed that the traffic load will be increasingly downlink biased in the future.

Clearly, techniques to improve downlink performance while limiting the size and complexity of mobile stations are desired. This document demonstrates the potential of one such technique, single antenna interference suppression. Similar results have been presented in recent conference contributions [1]

 REF _Ref536603037 \r [2].

3 Gains on link level

In this section, some exemplary link level results are given.


Figure 1 shows the simulated uncoded bit error rate performance in a time-slot synchronised co-channel interference limited scenario with a single interferer. The carrier is GMSK modulated, as is the interferer. The channel profile is TU3 with ideal frequency hopping at 900 MHz. As a reference, the performance of a conventional receiver without any interference suppression capabilities is also shown. The gain from the interference suppression algorithm is remarkable - as large as 6-8 dB. Since the interference environment in a cellular network is often characterised by one dominant interferer [2], it can be expected that the gain in a realistic system scenario will be somewhere near the ideal case with one interferer.
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Figure 1. Link performance with and without interference suppression.

4 System capacity gains

The system performance was evaluated in a dynamic radio network simulator with a regular cell plan. A wrap-around technique was used to avoid border effects. Radio propagation followed the Okumura-Hata model [4] and both shadow and multipath fading were included. GSM frequency hopping [6] was implemented on burst level.

Both the conventional and interference suppression receivers were modelled using the link-to-system interface structure described in [5]. For the conventional receiver the mapping from burst C/I to bit error probability (BEP) is independent of the interference environment. This is not true for the interference suppression receiver where a different mapping is required for each interference environment. A single mapping could be used all the same by calculating an effective C/I that allows all the different C/I curves that the interference suppression receiver produces in different interference environments to coincide. The link simulator used to produce these curves was using an interference suppression algorithm that is slightly more efficient than what is shown in section 3 (but that is more sensitive to 8PSK modulated interference). The additional link performance gain of this algorithm is 2-2.5 dB, which means that the system capacity results shown below are slightly over-optimistic.

Mobile traffic was created uniformly over the cell area according to a Poisson birth process. Each mobile station tried to connect to the base station with the strongest path gain. If no channels were available, the call was blocked. If successfully connected, each mobile performed a random walk during an exponentially distributed hold time. Call dropping followed a leaky bucket algorithm.

The simulated cell plan contained 48 cells in a 3-sector site scenario. A dedicated frequency band for the BCCH frequencies was assumed and it was not explicitly included in the simulations.

The 12 available non-BCCH frequencies were planned in a one-reuse configuration. To avoid an unreasonably long computation time, only two timeslots were simulated. Each simulation run contained ~5000 calls. Cases with and without interference suppression were considered. Some relevant parameters are summarised in Table 1.

Frequencies per cell
12

Frequency reuse
1

Frequency band
900 MHz

Frequency hopping
GSM pseudo random [6]

Coherence bandwidth
200 kHz

DTX factor
0.5

Power control
Based on signal quality and signal strength 

Cell radius
500 m

Distance attenuation
35log(d)

Log-normal fading standard deviation
6 dB

Log-normal fading correlation distance
110 m

Mean call hold time
60 s

Average mobile speed
3 km/h

Table 1. System simulation parameters.

System performance was characterised by the percentage of satisfied users at a given average frequency load. A user was considered satisfied if the downlink FER was below 1%. System capacity was then defined as the average frequency load giving 95% satisfied users. Frequency load is defined as the amount of served traffic per timeslot and frequency, and represents the average fraction of frequencies in the air at any one time (ignoring DTX).

Figure 2 shows the simulated system performance with and without interference suppression. The horizontal dashed line indicates 95% satisfied users and the vertical 2% blocking. It can be seen that the introduction of interference suppression more than double the system capacity. 
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Figure 2. System performance as a function of frequency load with and without interference suppression.

5 Some facts about the algorithm used

The capacity gains shown in the previous section assumes a 100% penetration of MS capable of interference suppression. With a fractional penetration, the capacity gain can be expected to be roughly proportional to the penetration. To reach a significant penetration, algorithms feasible for implementation must exist. Using multiple antennas and receivers in the mobile station is not considered feasible on mass market products. However, the algorithm used in the simulations requires only one antenna and receiver chain, and it is less than 50% more complex than the conventional receiver. It is capable of suppressing GMSK modulated co-channel interference from a GMSK carrier signal. When other type of interference is present (adjacent channel, 8PSK modulated or noise), the performance is equal to that of the conventional receiver.

6 Conclusions

For various reasons, the downlink performance often limits system capacity. Since this is not expected to be less true in the future, improving the performance of GSM/GERAN MS receivers is very desirable. In this contribution, the merits of an interference suppression technique, especially attractive for mobile station receivers, have been demonstrated. Massive improvements of system capacity have been shown.

Considering the seemingly great potential for capacity gains of interference suppression techniques, and the existence of such techniques feasible for implementation in mobile stations, it is proposed that TSG GERAN consider tightening the reference performance requirements [7] for mobile stations in the REL-6 timeframe.
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