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Single antenna interference cancellation – capacity estimation in unsynchronised networks

1 Introduction

One goal of the Single Antenna Interference Cancellation (SAIC) feasibility study is to estimate the capacity that can be achieved in typical networks with SAIC capable mobiles. So far, the work has been focused on synchronised networks. One reason for this is that SAIC is expected to give the largest gains in synchronised networks. Another reason is that capacity estimation in unsynchronised networks is a more challenging task, since the interference environment is more complex in unsynchronised networks, and since the performance of SAIC capable mobiles depends on the interference environment in a non-trivial manner. Still, the majority of the GSM networks today are unsynchronised. Therefore it is important to investigate how SAIC mobiles perform in such networks as well.

In the technical report [1], four network configurations are defined. Of these, configurations 1 and 4 are defined in unsynchronised versions only. Configurations 2 and 3 are defined in both synchronised and unsynchronised versions. The focus of this contribution is mainly configuration 1 and 4, but the main principles discussed should be applicable also on the unsynchronised versions of configuration 2 and 3.

Although not explicitly stated in [1], it is assumed that “unsynchronised network” refers to a network where the sectors of a site are actually mutually synchronised, whereas the sites are not (i.e., there is intra-site synchronisation but no inter-site synchronisation).
2 Alternative approaches for capacity estimation in unsynchronised networks

The main difference between a synchronised network and an unsynchronised network from a modelling perspective is the time offset that the interfering signals may have relative to the desired signal. This offset, individual to each interferer, can be anything between zero symbols and one full timeslot in the unsynchronised case, while it is typically in the order of a few symbols in the synchronised case [2]. To estimate the effect on system performance of this offset, three main approaches are considered:

1. Modelling un-synchronism on network and link level. The time offset of each site is modelled in the network simulator. For each simulated timeslot, the time offsets of all interferers are used as input parameters to the link-to-system (L2S)model. This approach would require the following steps:

· Analysing how the time offset of interferers impact the link performance

· Determining how to characterise the offset of different interferers in a condensed way

· Developing a L2S model with the “offset characterisation parameter(s)” as input

· Running network simulations in an unsynchronised network simulator

2. Modelling un-synchronism on link level. The time offset of the sites is not modelled in the network simulator but statistically modelled in the link interference model and the L2S model. This approach would require the following steps:

· Determining a statistical model for time offsets for different interferers

· Developing a L2S model, based on link simulations with the statistical time offset model included in the link simulator

· Running network simulations in a synchronised network simulator using the developed L2S model

3. Modelling un-synchronism on link level, simplified approach. The time offset is statistically modelled in the link interference model. Link results with the time offset model are compared to link results with synchronised interference. Based on the link loss (in dB), the system capacity loss compared to the synchronised case can be approximated. This approach would include the following steps:

· Determining a statistical model for time offsets for different interferers

· Running link simulations with the statistical time offset mode included in the link simulator and comparing the link results with results from synchronised link simulations

· Running network simulations in a synchronised network simulator (with a synchronised L2S model)

· Estimating the reduced system capacity gain compared to the synchronised case based on the link results (e.g., if the link gain in the unsynchronised case is half of that in the synchronised case, the system capacity gain in the unsynchronised case is approximated as half of the capacity gain in the synchronised case)

The main difference between the first two approaches is that the time offset is parameterising the L2S model in the first approach, while it is modelled statistically in approach 2. The third approach is a further simplification of approach 2, where the effects of un-synchronism is not modelled in an L2S model but only analysed on link level.

Approach 1 will likely give the most reliable results. Unfortunately, it also requires an unsynchronised network simulator. Developing such a simulator is a major task that would require several months of work. Approach 2 is simpler, but is still expected to give fairly accurate results. Approach 3 has the advantage that it is fairly simple, and could be used to get a quick estimate. Approach 2 is considered to be the most feasible one. In the following sections, approach 2 is discussed further. 

3 Modelling unsynchronised interference on link level

Figure 1 illustrates an interference situation in an unsynchronised network. The desired signal is denoted C. Two interfering transmitters are also illustrated, denoted I1 and I2, respectively (there may be more than two interferers, but these have been left out in the figure for simplicity). Due to the time offset, the desired signal may be interfered by two contiguous bursts from an interfering transmitter. In this contribution, these two bursts will be referred to as the leading burst (the left one) and the lagging burst (the right one), respectively. If the time offset is statistically modelled on link level, the derivation of a L2S model can be done as for the synchronised case, and a synchronised network simulator can be used. The crucial step is therefore to define an accurate statistical model for the time offset. This is further discussed in section 3.1.
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Figure 1. Two unsynchronised transmitters (I1 and I2) interfering one burst of the desired signal (C).

Apart from the time offset, the interference in an unsynchronised network during one burst of the desired signal is characterised by the following (similar to the synchronised case):

· The number of interfering co-channel and adjacent channel transmitters

· The training sequence of each interfering transmitter

· The frequency offset of each interfering transmitter

· The signal strength of the leading and lagging bursts of each interfering transmitter

· The existence of the leading and lagging bursts of each interfering transmitter (effects of discontinuous transmission and fractional frequency load)
In section 3.2, the modelling of these characteristics is discussed.

3.1 Statistical model for interferer time offset

3.1.1 Time offset distribution within a timeslot

It can be assumed that the timing of sites is uncorrelated. This means that inter-site interference can have any time offset relative to the desired signal. Intra-site interference (adjacent channel interference from own and adjacent sectors and co-channel interference from adjacent sectors), on the other hand, will have approximately zero offset relative to the desired signal.

This contribution is mainly focused on configurations 1 and 4 that have 3-reuse and 9-reuse, respectively. Both 3-reuse and 9-reuse networks can be planned to avoid intra-site co-channel interference completely. Further, a 9-reuse network can be planned to avoid also adjacent channel intra-site interference completely. In 3-reuse networks it is not possible to avoid intra-site adjacent channel interference at high frequency loads, except if staggered BCCH planning is used. On the other hand, adjacent channel interference is seldom dominant [5]. To conclude, it is reasonable to assume that intra-site interference has almost no impact for configuration 1 and 4.

Therefore, the time offsets of the interferers in the link interference model can be modelled as uncorrelated with a uniform distribution between zero offset and up to (but not including) one full burst (156.25 symbols) with a granularity of e.g. ¼ symbol.

It is for further study whether this assumption can be made also for configuration 2 and 3, where intra-site co-channel interference cannot be avoided completely at high loads.

Figure 2 illustrates five bursts of the desired signal, each interfered by two unsynchronised transmitters.
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Figure 2. Five bursts of the desired signal, each interfered by two unsynchronised transmitters. The time offset may vary from burst to burst.

3.1.2 Inter-timeslot correlation of time offset

For the purpose of network capacity estimations, the link simulations are used to derive a L2S model. It is assumed that a modified version of the Olofsson model [4] will be used. The Olofsson model works on burst level, i.e, it maps burst parameters such as C/I and DIR to a burst bit error probability (BEP). Therefore, it is not meaningful to model correlation of interferer time offset between timeslots of the carrier signal.

A discussion on how to assess the impact of the assumption that there is no inter-timeslot correlation of the time offset can be found in section 4.

3.1.3 Correlation of time offset with other interferer characteristics

One question is whether dependences between the time offset and other interferer characteristics, such as signal strength, should be modelled. Intra-site interference will have approximately zero offset relative to the desired signal. This interference is also likely stronger than average, since the propagation loss is smaller. In this case, there is a cross-correlation between the time offset and the signal strength; strong interferers have approximately zero offset with a high probability (intra-site), while weak interferers have a random offset with high probability (inter-site). But as concluded in section 3.1.1, intra-site interference can be neglected for configurations 1 and 4. Therefore, there should be no correlation between the time offset and the signal strength.

The time offset is correlated to which particular site that generated the interference (since the timing of a site typically drifts only very slowly). Other parameters, such as training sequences, frequency offsets, etc are also related to which transmitter that generated the interference. In that sense, the time offset can be correlated to these parameters. This is an indirect correlation that depends on the fact that some parameters, including the time offset, of a particular transmitter are constant or slowly varying. This cannot be modelled as a direct cross-correlation between these parameters, but rather by inter-timeslot auto-correlation of the individual parameters. But since the Olofsson model does not take inter-timeslot correlations into account, it is not meaningful to include them in the link interference model.

To conclude, it is proposed that the time offset is modelled as uncorrelated to other interference parameters.

3.2 Modelling of other interference characteristics

3.2.1 Number of interfering co-channel and adjacent channel transmitters

It is proposed to use the same number of interferers (transmitters) as in the synchronised case, i.e., three co-channel interferers, one adjacent channel interferer, as well as one residual co-channel interference and two residual adjacent channel interference sources. For the unsynchronised case, each interferer (transmitter) will produce one leading and one lagging burst.

3.2.2 Training sequences

The training sequences can be modelled as for the synchronised case. The leading and lagging burst use the same training sequence.

3.2.3 Frequency offset

The frequency offset can be modelled as for the synchronised case. The leading and lagging bursts have the same frequency offset.

3.2.4 Signal strength

3.2.4.1 Average signal levels

As for the synchronised case, the average signal levels can be derived from system simulation statistics. In an accompanying contribution [6], average signal levels are proposed.

3.2.4.2 Correlation between signal strength of leading and lagging burst

The leading and lagging burst of one particular interfering transmitter pass through almost the same channel (except for the small change due to the mobile movement) and are therefore subject to almost the same pathloss, shadow fading and multipath fading. Still, they may be transmitted with different power levels due to downlink power control. The leading and lagging bursts are transmitted at different timeslot numbers in the same TDMA frame of the interfering transmitter. Therefore they may be directed to different mobiles, and thus their power control loops are independent. This could either be neglected (leading and lagging burst have the same power) or modelled e.g. as a uniformly distributed offset between ±X dB.

3.2.5 Discontinuous transmission

Due to discontinuous transmission, the interfering bursts (whether leading or lagging) may not always be present. It is suggested to use a model where the burst is present with 60% probability and non-present with 40% probability. It is reasonable to assume that there is no correlation between different transmitters or between the leading and the lagging burst.

It should be noted that fractional load will further reduce the activity on each channel. On the other hand, the number of interferers and their average signal levels (cf. sections 3.2.1 and 3.2.4.1) have been derived from network simulations taking both discontinuous transmission and fractional load into account. Therefore, it would not be correct to simply reduce the activity of each interferer, unless the number of interferer chains is increased at the same time. This is for further study.
3.3 CIR and DIR

To define CIR is straightforward also in the unsynchronised case:

CIR=C/(Itot+N)

where C is the energy of the desired burst, Itot is the total interference energy during the desired burst and N is the noise energy.

Below two alternative DIR definitions are given.

Option 1

The dominant interferer is the transmitter that has the largest total energy during the burst (of the desired signal). Both leading and lagging burst are taken into account and considered to be the same interferer (since they originate from the same transmitter).

The DIR is then defined as the total energy of the dominant interferer divided by the total energy of the other interferers plus noise (only signal energy during the desired burst is taken into account).

Option 2
The dominant interferer is defined as the transmitter that has the largest energy during the training sequence of the desired burst.

The DIR is defined as the total energy of the dominant interferer (over the whole burst, not just the training sequence) divided by the total energy of the other interferers plus noise (only signal energy during the desired burst is taken into account).

The second option is likely more accurate (i.e., it is more correlated to the bit error probability of a SAIC receiver) since SAIC algorithms typically are able to cancel an interferer if it is present during the training sequence (may not be true for all SAIC algorithms though).

4 Verification of link-to-system model

The most important aspect that is not covered with the proposed approach is the correlation in time (between consecutive bursts to an individual mobile) of the time offset. A mobile may be interfered by the same base station(s) during a longer time period. If the relative synchronisation of the own and the interfering base station(s) happens to make the performance of SAIC worse (or better) than average, this mobile would in reality experience a worse (or better) quality during this period of time. This will not be captured by the proposed approach, since the modelling of time offset on the link would be independent from one burst to the next, and the dependence of SAIC performance on the offset will tend to be "averaged out" over different time offsets. On average, the experienced quality will not be changed by this, but the spread in experienced quality might be underestimated. Typically, the network capacity is defined as the load at which e.g. 95% of the users experience acceptable quality. Therefore, an underestimated spread in experienced quality may lead to an overestimation of capacity compared to a real network. On the other hand, a large spread in experienced quality will be counteracted by power control. Thus, it is difficult to say how large impact this effect will have.

An important part of the investigation of unsynchronised networks is therefore to verify that this effect does not give a large overestimation (or underestimation) of the network performance. One way is to use traces from a synchronised network simulator to verify the link-to-system model. By determining from which site each interfering burst in the trace originates and assigning a (fixed but randomly picked) time offset to each site, a "fake" trace of the interference from an unsynchronised network can be created. This can then be used to control the interference strengths and time offsets in the link simulator. Network simulator traces from individual calls can be used to control the link simulator to get link performance of individual calls. By comparing these to the link performance estimates of the link-to-system model for the same individual calls, the accuracy of the proposed approach can be estimated.

5 Summary

An approach for estimating capacity in unsynchronised networks has been proposed. The key aspect of this approach is that time offset is statistically modelled in a link level simulator. This simulator is used to derive a link-to-system model that is used in a synchronised network simulator.

This approach is considered to have reasonable complexity and still give reliable results. It is further suggested to estimate the accuracy of the results by means of interference traces from network simulations.

The approach is mainly focused on configuration 1 and 4, but the main principles are applicable also for the unsynchronised versions of configuration 2 and 3. A question for further study is whether a cross-correlation between the time offset and the signal strength needs to be modelled for configuration 2 and 3.
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