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GERAN evolution
Evaluation of dual symbol rate for EGPRS uplink
1 Introduction

Dual symbol-rate for uplink EGPRS has been proposed [1] as a candidate in the feasibility study for GERAN evolution. This document analyses the impact of introducing dual symbol-rate. The main concerns are related to network planning, receiver complexity and BTS hardware impact.

2 Network planning aspects

A prerequisite for the technical enhancements considered for GERAN evolution is that they shall be deployable with existing legacy frequency planning in order to enable an operator to do plug-and-play deployment in existing networks.

A dual symbol-rate carrier will likely not fit into current frequency plans. Consider for instance the 1/3 reuse pattern
 illustrated in Figure 1. The numbers indicate which frequencies (numbered from 1 to 9, where adjacent numbers corresponds to adjacent absolute frequencies) are used in the respective cells (for simplicity, it has been assumed that nine frequencies are available in the channel group). It can be seen that co-channel interference from the closest neighbours is completely avoided. E.g., frequency 5 is used in the centre cell in the figure (marked blue) but not in any of the immediately surrounding cells. Adjacent channel interference, on the other hand, cannot be avoided. E.g., frequency 5 in the centre cell is interfered by the adjacent frequencies 4 and 6 in the neighbour cells. However, since BTS receivers have good protection against adjacent channel interference, the network load can be high despite this. As a rule of thumb, the protection against adjacent interference is about 18 dB better than that of co-channel interference (i.e., the ACP is 18 dB). A similar situation occurs in a 1-reuse network, where all frequencies are used in all cells, but where MAIO management can be used to avoid co-channel interference but not adjacent channel interference (assuming a reasonable frequency load) from the closest neighbour cells.
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Figure 1. 1/3 reuse pattern. The numbers indicate which frequencies are used in each cell.

Now, assume that the interfering mobiles in the neighbour cells are not using regular 200 kHz GSM/EDGE carriers but dual symbol-rate wideband carriers. The spectrum mask of the dual symbol-rate interferer is illustrated in Figure 2 [1]. The area between the two red lines shows the energy that will interfere the first adjacent channels in the neighbour cells – roughly two thirds of the total energy is emitted in the first adjacent channels (i.e., the channels 200 kHz above and below). The consequence is that two thirds of the interference energy from the closest neighbour cells is turned from adjacent channel interference to co-channel interference – against which the BTS receiver has 18 dB less protection. This will most likely have a severe impact on the speech quality and/or data throughput of the interfered channels. To avoid this, frequency re-planning (a sparser reuse) will be necessary.
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Figure 2. Interference spectrum of dual symbol-rate carrier. The first adjacent channel is marked with red lines.

3 Complexity aspects

A major drawback of the dual symbol rate proposal is that it requires a significantly larger receiver complexity to handle the time-dispersive radio channel. The equalisation of the channel is typically done by some sort of Viterbi-like algorithm. The complexity of such algorithms is approximately directly proportional to the number of states in the trellis, which in turn increases exponentially with the length of the channel impulse response, measured in symbol periods. Figure 3 shows an example of a time dispersion (channel impulse response) that covers three GSM/EDGE symbol periods. A basic MLSE (maximum likelihood sequence estimator) equaliser would require 83-1 = 64 states to equalise an 8PSK signal on this channel.
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Figure 3. Channel impulse response with regular symbol rate.

With dual symbol-rate, the same channel impulse response would cover six GSM/EDGE symbols, as shown in Figure 4. The MLSE equaliser would now require 86-1 = 32768 states – a complexity increase by a factor 512. Even if it is possible to make complexity reductions, the complexity of a dual symbol-rate receiver is still expected to be unfeasible.
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Figure 4. Channel impulse response with dual symbol rate.

4 BTS hardware aspects

It is not expected that a dual symbol-rate receiver can be implemented on legacy BTS hardware. Besides the complexity issue explained in section 3, receiver filters, A/D converters, etc. may not be designed to receive wideband signals.

5 Conclusions

Dual symbol-rate EGPRS will change the nature of the interference in a GSM/EDGE system. Therefore, it will have severe impact on current frequency plans. Further, the complexity of a dual symbol-rate receiver is unfeasible. Also, since the dual symbol-rate signal is significantly different from a regular GSM/EDGE signal, legacy BTS hardware must be replaced.

It is proposed to add the analysis and conclusions of this contribution to the technical report on GERAN evolution.
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� Cells in real networks are rarely this regular, but the reasoning is valid also with irregular cells.
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