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Multi-carrier EDGE


1 Introduction

Multi-carrier EDGE is a performance-enhancing feature aimed at improving peak and average user throughput, increase spectral efficiency, and to reduce latency. Currently, the theoretical peak data rate of EGPRS is 473.6 kbps. In a real network, bit rates in the order of 100-200 kb/s are feasible on four timeslots. With multi-carrier, both peak and average user throughput is increased proportionally to the number of carriers. With a dual-carrier constellation, the peak data rate would be close to 1 Mb/s. The need for higher bit rates could make it desirable to support multi-carrier EDGE in future releases of the GERAN standard. With this feature, peak and average bit rates can be increased in a very flexible and backwards-compatible manner.

It has been proposed [1]

 REF _Ref102385512 \r \h 
[2] to study multi-carrier EDGE as part of the GERAN evolution work item [3]. The purpose of this document is to give a description of multi-carrier EDGE. It is proposed to include a clause about multi-carrier EDGE into the technical report for the GERAN evolution work item and further to include section 2 of the present document as a part of that new clause.

2 Description

Multi-carrier EDGE means that multiple EDGE carriers on independent carrier frequencies (or MAIO:s in the frequency hopping case) are received by the same terminal. The most obvious benefit of multi-carrier EDGE is that it overcomes one limitation of the GSM radio interface – the 200 kHz carrier bandwidth. This limitation puts a restriction on the rate of data transfer to one and the same user, and is the fundamental difference between GSM/EDGE and other radio access technologies such as WCDMA. Multi-carrier EDGE gives increased flexibility in how the system throughput is divided among users. The benefit of this is primarily an immediate data rate increase to the individual user throughout the cell, secondarily an increase in the spectral efficiency, similar to HSDPA in WCDMA.

2.1 Basic multi-carrier EDGE

A straightforward solution would be to split the data flow of one user onto multiple carriers below RLC. This could be seen as a natural extension to the multi-slot principle, where a multi-slot allocation is now allowed to span across more than one carrier. This is illustrated in Figure 1.
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Figure 1. Left: Illustration of radio blocks in a 4-slot single-carrier allocation. Right: Illustration of radio blocks in a 2*4-slot dual-carrier allocation. The two frequencies (MAIO:s in case of frequency hopping) are typically not adjacent.

2.2 Combined with reduced transmission time interval (TTI)

There are also other advantages of multi-carrier EDGE. Combined with a modified burst mapping, multi-carrier EDGE can give significant latency reductions. Today, frequency diversity is achieved with frequency hopping and interleaving of one radio block over four consecutive bursts on one timeslot, giving a transmission time interval (TTI) of 20 ms. By mapping the four bursts onto two consecutive timeslots on two parallel carriers, the TTI can be reduced to 10 ms – without sacrificing frequency diversity. Similarly, quadruple-carrier EDGE can be used to reduce the TTI to 5 ms. This is illustrated in Figure 2. Latency reductions are further discussed in [4].
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Figure 2. Left: Illustration of radio blocks in a 2*4-slot dual-carrier allocation with 10 ms TTI. Right: Illustration of radio blocks in a 4*4-slot dual-carrier allocation with 5 ms TTI.

2.3 Other possibilities

Another possible utilisation of multi-carrier is to increase the frequency diversity without modifying the TTI, by interleaving over more than four bursts. This would improve robustness and coverage.

With single-carrier EDGE, the radio resource pool that is shared among a group of users on a shared channel is limited to one carrier. With multi-carrier EDGE, the radio resources of two (or more) carriers can be joined into a larger radio resource pool that will be shared among a larger number of users. This will give trunking gains and increase spectral efficiency.

2.4 Backward compatibility

With the basic solution (without modified burst mapping), multi-carrier EDGE bearers can be multiplexed with current GPRS/EDGE bearers on the same physical channels. Since the carriers of one multi-carrier constellation are allowed to be non-adjacent, it should not impact current frequency plans. A major advantage is that high bit rates can then be offered even in tight-reuse networks without having to use a separately planned channel group with sparse reuse.

3 Necessary studies

The most straightforward solution (without changes to the burst mapping) does not require any performance evaluation. The gain in throughput for the individual user is directly proportional to the number of carriers.

The combination of multi-carrier with reduced TTI should be evaluated by means of simulations to assess how much the latency is reduced. 

4 Conclusions

Multi-carrier EDGE can give gains both in terms of increased peak data rate, average data rate, spectral efficiency and reduced latency.
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