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Work is currently ongoing towards the definition of physical layers for 4G systems. Several proposals have already been made and some of them are based on OFDM transmission techniques. Since several partners of COST 289 are interested in OFDM, modulation, coding, detection, and multiple access, and have a strong background in these techniques, we suggest that a cooperative effort is done within COST 289 to design and analyze physical layers for wide area coverage and high for 4G systems.
A national project in Sweden has suggested an adaptive multiplexing and OFDM transmission system for such a downlink [1]
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 \* MERGEFORMAT [2]. NTT DoCoMo has suggested a scheme based on the combination of OFDM and CDMA [3]. Several other companies are working on their proposals; some of which where presented at a recent 4G forum arranged by Samsung in Jeju Island, Korea. For a downlink where channel state information is available at the transmitter, we believe that the system proposed in [1]
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 \* MERGEFORMAT [2] is a better solution than systems based on the combination of OFDM and CDMA [4] (or pure CDMA schemes). The major difference is the way diversity is obtained. In [1]
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 \* MERGEFORMAT [2] most diversity is obtained by allocation channel resources to users such that SNR is maximized, while systems with CDMA diversity is obtained by coding and spreading in a more traditional sense. In systems without channel state information available at the transmitter, the higher diversity order which can be obtained with CDMA and chip interleaving, might give a performance advantage at a much higher receiver complexity. It is however not clear if the advantage is still present when interference from other cells are taken into account in the performance evaluation. It is also not clear, what the performance comparison will be if the two systems are more similar in complexity.
In the downlink, it is all about multiplexing within each cell, while it is multiple access between cells only. In an uplink the situation is much more complicated since a combination of multiplexing and multiple access takes place in each terminal when more than one service is transmitted at the same time. The uplink is also normally asynchronous and oscillators in different terminals are not synchronized. This may suggest that OFDM cannot be used due to its sensitivity to frequency synchronization errors. It may also be more difficult to use channel state information in a transmitter in the uplink at least in FDD systems, due to increased overhead.
In this project, we suggest that partners design and analyze physical layer solutions for 4G uplinks. We should restrict ourselves to systems with wide area coverage and high mobility. During the first part of the cooperation, we need to work out some more details of the systems, such that comparison between the obtained performance results becomes feasible. In principle, we do not need to restrict ourselves to OFDM transmission techniques and to CDMA, but every transmission and multiple access technique is allowed. Based on recent assumptions on 4G system uplinks, we proposed the following common parameters (used by DoCoMo):
· Available uplink bandwidth is 40 MHz

· Carrier frequency likely around 5 GHz

· Maximum speed is 250 km/h
If some partners are interested in a further comparison between spread and nonspread OFDM schemes for the downlink, this is also possible as a subtask within the cooperation. In my view, a fair comparison between those systems in a multi-cellular environment with also complexity taken into account is still missing. Recent parameters for the downlink include (used by DoCoMo):
· Available downlink bandwidth is 100 MHz

· Carrier frequency likely around 5 GHz

· Maximum speed is 250 km/h

It should also be kept in mind that the requirement for high mobility by ITU is 100 Mbps, which might be difficult to obtain with 40 MHz bandwidth.

All performance evaluation should be done using the UMTS channel models. Preferable, performance should be evaluated in a multi-cell environment, but single cell performance and single link performance is acceptable as a starting point.
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