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1 Introduction

This contribution evaluates a proposed downlink interference suppression strategy for GERAN.

Note that development of the interference suppression techniques discussed in this document is ongoing and therefore the quantitative gains presented here should only be seen as indicative of those that can be attained with such methods.

2 Background

With the continued growth in the use of GSM/GPRS/EDGE cellular technology and the emergence of new services in scarce radio spectrum, means to enhance spectral efficiency are highly desirable. Maximum spectral efficiency is obtained in interference limited operation and interference therefore constitutes a major limiting factor for optimal system performance. Hence, introduction of techniques to mitigate the effects of interference in GERAN networks is an appealing proposition.

Antenna diversity is widely deployed in uplink receivers and this generally allows efficient interference suppression, for example through Interference Rejection Combining (IRC). Multiple receiver antennas are not as an attractive option for terminals, which means that downlink interference suppression is more challenging. Since much of the future traffic increase in GERAN networks is expected to come from downlink-heavy data applications, the downlink can be expected to limit overall system performance. The need for the development of downlink interference suppression solutions that are suitable for terminals is clear.

With the introduction of EDGE, both GMSK and 8PSK modulated signals will be present in GERAN networks. For many years to come, however, GMSK modulated signals can be expected to dominate. It is thus of particular importance to develop a feasible downlink interference suppression strategy for GMSK. It is also the case that single antenna interference suppression is a more challenging problem for 8PSK where low-complexity alternatives are not as readily available. 8PSK solutions are therefore for further study; the primary focus here is on GMSK.

3 Proposed Scheme

In this section, the potential of a downlink GMSK interference suppression scheme is demonstrated, targeting GMSK modulated interference. The scheme is characterized by large gains, robustness, and straightforward implementation.

The gains from the proposed scheme can be as large as 8–10 dB, but they depend on the interference environment. The best performance is obtained with a single dominant GMSK modulated interferer, a typical situation in many cellular networks, see Section 5.1. With several interferers of comparable strengths, or with 8PSK modulated signals contributing to the interference, the gains are reduced. In no case, however, is there any loss from the interference suppression scheme, even in purely noise limited scenarios. 

The baseband signal processing complexity increase compared to a conventional receiver is roughly 50%. 

4 Link Performance

The interference suppression receiver has been evaluated by means of link level simulations. The desired signal was GMSK modulated, the frequency band was 900 MHz, and Eb/N0 = 200 dB. The desired signal utilized GSM Training Sequence Code (TSC) #0 [1], while the interferers consisted of random bit streams, unless otherwise specified. All results are uncoded Bit Error Rate (BER) performance. As a reference, a conventional receiver has been simulated as well. The reference receiver is standard compliant. 

4.1 Synchronized GMSK modulated interference

Figure 1, Figure 2 and Figure 3 show the simulated performance with a single, time-slot synchronized, GMSK modulated, co-channel interferer for different propagation channels and speeds. It can be seen that the link level gain is as much as 8-10 dB for the Typical Urban (TU) channel profile and 2.5-3 dB for the more time dispersive Hilly Terrain (HT) channel profile [2]. The explanation for the lower gain with the HT channel is the design of the interference suppression scheme. However, places where interference suppression is most useful, i.e. where the level of interference is high, are usually located in urban areas where the propagation environment is commonly characterized as TU. Hence, from now on, all results are shown for the TU channel profile with ideal frequency hopping at 3 km/h.

In Figure 4, the performance with three time-slot synchronized GMSK modulated interferers is shown. The power distribution is 90% in the strongest interferer, 7% in the second strongest and 3% in the third strongest, which according to our experience is an exemplary interference environment in a tight (typically 1- to 3-reuse) frequency reuse network. In this case the interference suppression gain is 4-4.5 dB.

Figure 5 shows the performance with one synchronized GMSK modulated adjacent-channel interferer. It can be seen that the interference suppression gain here is about 2.5-3 dB.
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Figure 1. Performance with a single synchronized GMSK modulated co-channel interferer. The channel profile is TU at 3 km/h. Ideal frequency hopping is used.
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Figure 2. Performance with a single synchronized GMSK modulated co-channel interferer. The channel profile is TU at 50 km/h. No frequency hopping is used.
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Figure 3. Performance with a single synchronized GMSK modulated co-channel interferer. The channel profile is HT at 100 km/h. No frequency hopping is used.
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Figure 4. Performance with three synchronized GMSK modulated co-channel interferers. The power distribution for the interferers is 90%-7%-3%. The channel profile is TU at 3 km/h. Ideal frequency hopping is used. 
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Figure 5. Performance with a single synchronized GMSK modulated adjacent-channel interferer. The channel profile is TU at 3 km/h. Ideal frequency hopping is used.

4.2 Sensitivity performance

The performance in a purely noise limited situation is shown in Figure 6. It can be seen that there is no degradation compared to the reference receiver.

4.3 8PSK modulated interference

Figure 7 shows the performance with one time-slot synchronized 8PSK modulated co-channel interferer, which might occur with the introduction of EDGE. It can be seen that even though the interference suppression receiver primarily is designed for GMSK modulated interference, it gives a gain of 1.5-2 dB also in this case. 
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Figure 6. Performance in a purely noise limited scenario. The channel profile is TU at 3 km/h. Ideal frequency hopping is used.
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Figure 7. Performance with a single synchronized 8PSK modulated co-channel interferer. The channel profile is TU at 3 km/h. Ideal frequency hopping is used.

4.4 Unsynchronized interference

Figure 8 shows how the performance is affected by unsynchronized interference. Results are only shown for delays up to 80 symbols, since larger delays can be “mirrored” down (since the burst is ~156 symbols long). It can be seen that the interference suppression receiver has no problems in handling a delay of 10 symbols. For 20 symbols delay there is a small gain reduction and for larger delays the reductions become more significant. The performance is, however, never worse than that of the reference receiver. 
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Figure 8. Performance with a single non-synchronized GMSK modulated co-channel interferer. The channel profile is TU at 3 km/h. Ideal frequency hopping is used.

4.5 Frequency imperfections

The GSM specifications [3] allow base stations to deviate from the specified transmit frequency by 0.05 ppm. For the 900 MHz frequency band, this is (45 Hz. This means that two base stations, that according to the frequency reuse should use the same frequency, can differ by 90 Hz in frequency. This is here referred to as interferer frequency offset (foff). Correspondingly, the terminal is required to not deviate from the specified frequency by more than 0.1 ppm, which for the 900 MHz frequency band is 90 Hz. This is here referred to as carrier frequency error (ferr). In Figure 9 the performance with interferer frequency offsets and carrier frequency errors is shown. It can be seen that the interference suppression receiver is affected by these imperfections, but the gains that remain are still significant.
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Figure 9. Performance with a single synchronized GMSK modulated co-channel interferer and frequency imperfections. The channel profile is TU at 3 km/h. Ideal frequency hopping is used.
4.6 Training sequence effects

Figure 10 shows how the performance is affected when the different GSM TSCs [1] are used in the interferer. The desired signal utilizes TSC #0. It can be seen that the performance of the interference suppression receiver varies depending on the TSC in the interferer. Most often the gain over the reference receiver is large, not even in the case when the desired signal and the interferer utilize the same TSC, so-called co-sequence interference, is the performance worse than that of the reference receiver.

It should be emphasized that the interferer here is perfectly synchronized. In an unsynchronized network, the same behavior would not be expected, since the cross correlations between TSCs will then be different due to the different lags. For example, significant interference suppression gains could be obtained even for the co-sequence case. Hence, the reductions in gain seen in Figure 8 and Figure 10 are not additive. It should also be noted that even in a synchronized network there will be small delays due to varying propagation times that may also alter the effects of different TSC combinations.
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Figure 10. Performance with a single synchronized GMSK modulated co-channel interferer and different TSCs in the interferer. The desired signal utilizes TSC #0. The channel profile is TU at 3 km/h. Ideal frequency hopping is used.

4.7 Link performance summary

To conclude this section, we have seen that the interference suppression receiver gives substantial gains over the reference receiver in GMSK modulated interference. There is also a small gain with 8PSK modulated interference and no loss in purely noise limited environments. For optimal performance, synchronized networks are desirable, but unsynchronized networks are no problem. The interference suppression performance is affected by interferer frequency offsets and carrier frequency errors, but with reasonable offsets and errors the gains over the reference receiver are still significant. The cross correlation properties of the TSCs affect the performance, but not even co-sequence interferers make the performance worse than that of the reference receiver.

5 System Performance

The introduction of a downlink interference suppression scheme like the one described above will have a number of positive impacts on GERAN network performance. The exact nature of the system gains will depend partly on the configuration of the network, and partly on the policy of the operator in terms of how the increased robustness of GMSK links is utilized. Some examples of the system gains that can be achieved are outlined below. Since the focus is on the downlink, only downlink performance results are presented.

5.1 Speech capacity gains in an FLP network

In a Fractional Load Planning (FLP) network, tight frequency reuse is used in combination with fractional cell loading and random frequency hopping to enable high spectral efficiency. Even though several cells are potential interferers, the fractional loading and frequency hopping creates an interference environment that is characterized by sporadic bursts of strong interference, often with a single dominant source. This phenomenon is illustrated in Table 1. Such an environment is ideal for interference suppression as described above.

Frequency load
 [%]
# Simultaneous interferers
Probability [%]

10%
0
85.7


1
13.5


2
0.71


3
0.01

25%
0
67.0


1
28.7


2
4.10


3
0.20

Table 1. Probability of simultaneous interference assuming three interfering cells, 50% channel activity (e.g. DTX), and random frequency hopping.

The impact on downlink speech performance from introducing interference suppression in all terminals in an FLP network has been evaluated using 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 [1] 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.

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 3-sector sites. 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. Both the EFR and MR59 FR codecs were considered. Some relevant simulation parameters are summarized in Table 2.

System performance was characterized by the percentage of satisfied users at a given average frequency load. A user was considered satisfied if the mean downlink FER was below a certain codec-specific threshold. The threshold was chosen to be 1% for EFR and 0.6% for MR59 FR. System capacity was then defined as the average frequency load giving 95% satisfied users.

Figure 11 shows the simulated system performance for EFR 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 doubles the capacity.

Frequencies per cell
12

Frequency reuse
1

Frequency band
900 MHz

Frequency hopping
GSM pseudo random [1]

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 2. System simulation parameters.
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Figure 11. Downlink performance for EFR as a function of frequency load with and without interference suppression.

Figure 12 shows the results for MR59 FR. Even here it is apparent that the introduction of interference suppression roughly doubles downlink speech capacity. The gain is, however, somewhat lower than for EFR. This is largely due to the increased robustness of MR59 that allows higher loads in the network. The higher loads create an interference environment where multiple interferers are more common which slightly decreases the efficiency of the interference suppression algorithm as explained above.
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Figure 12. Downlink performance for MR59 FR as a function of frequency load with and without interference suppression.

Although not yet simulated, speech capacity gains in other network configurations (e.g. Multiple Reuse Patterns (MRP) [6]), and data capacity gains generally, are also expected to be significant. Like FLP networks, MRP networks are often interference limited and rely on the interference diversity gain from frequency hopping to cope with the sporadic bursts of intense interference. For data services, the increased robustness to interference can directly be translated into enhanced throughput and shorter transmission times through link adaptation. Hence, the substantial capacity improvement achieved for speech in FLP networks should be obtained in MRP networks and for data services as well.

5.2 Mixing terminals with and without interference suppression

During a transitional period at least, terminals with and without downlink interference suppression capabilities will be mixed in the same network. In an interference limited configuration, such as FLP, significant gains can be achieved even for “old” terminals that do not have interference suppression receivers. This comes from the fact that new speech terminals can be served at a lower output power since their interference tolerance is higher. In a shared spectrum with random frequency hopping, the lower output power means lower interference levels to all users. New data terminals can either be served at a lower output power, or at the same output power with shorter transmission times through link adaptation, or a combination of the two, and interference will be reduced as well. This phenomenon appears whenever receivers with more robust link performance, e.g. AMR, are introduced over time.

Taking a purely interference limited FLP speech network as an example, we now consider how the downlink system capacity increases as a function of the penetration of new terminals with interference suppression capabilities. Since a number of factors such as multiple interferers, unsynchronized interferers, frequency offsets, certain training sequence combinations, etc, can reduce the gains from interference suppression, we assume for simplicity that its introduction leads to a constant link performance gain of 3 dB, which is about a third of the maximum gain presented above. To quantify the effect on system capacity, the interference area model described in [8] was employed. In this model, the area in which interference is above some pre-defined threshold is calculated as a function of the output power and the propagation environment. This allows the analytical calculation of approximate capacity gains without resorting to full radio network simulations.

Figure 13 shows the results. Even at moderate penetrations, the system capacity gains are considerable. At 25% penetration, for example, the gain is 17%. Note that the ~100% gain at 100% penetration is in good agreement with the figure from the more rigorous radio network simulations described in Section 5.1.
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Figure 13. Downlink GSM speech capacity gain in an FLP network as a function of the penetration of new terminals with interference suppression capabilities, calculated using the interference area model presented in [8].

The capacity increases at different penetrations of new terminals with interference suppression capabilities are summarized in Table 3. These gains are similar both in their magnitude and origin to those obtained for AMR. Unlike AMR, however, the downlink interference suppression technique described in this document does not require re-calibration of power control parameters. Moreover, the gains from interference suppression and AMR are almost additive (see Figure 11 and Figure 12 above).

Penetration of new terminals [%]
Capacity gain [%]

10
6

25
17

50
37

100
99

Table 3. Summary of downlink GSM speech capacity gains at different penetrations of new terminals with interference suppression capabilities.

As is evident from these results, the performance enhancement from the introduction of downlink interference suppression is substantial, even before a high penetration of new terminals is achieved. By mixing old and new terminals in the same spectrum, the benefits are distributed to all users in the system through the use of power control, link adaptation, and random frequency hopping. 8PSK users do not experience a direct link performance improvement with the scheme outlined here, but they still benefit on a system level in the same way as the old terminals discussed so far. How much of the link gain is utilized to improve service quality and capacity and for whom is largely a policy question to be determined by the operator.

Finally, it may be advantageous in some instances to be able distinguish between terminals that do and do not have interference suppression capabilities for the purposes of channel allocation, for example. 

6 Conclusions

The low-complexity downlink interference suppression scheme discussed in this document has been shown to be both a powerful and feasible performance enhancing feature for GERAN networks. Substantial improvements in system capacity can be achieved as demonstrated in the sections above.
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� 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).
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