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1. Introduction
Many new radio access systems use OFDM for their method of modulation. At present most of these systems have been designed for low mobility applications; such as digital broadcast systems or fixed wireless access and wireless LAN. Relatively few OFDM systems have been designed primarily for high mobility cellular networks. Even these have been optimized for high data throughputs at the expense of mobility; as a result the performance is sub-optimal for high velocity terminals. Increasingly cellular radio systems will need to operate with terminal velocities up to 350 Km/h and 500 Km/h; as broadband internet access on high speed passenger trains becomes a requirement.

With OFDM there is a trade-off between sub-carrier spacing and the maximum permitted doppler spread, which limits the radio link capacity for fast moving terminals. The doppler spread causes adjacent sub-carrier interference which degrades the performance. For radio links operating in high frequency bands the performance becomes more susceptible to doppler spread as the operating frequency increases. In the 450 Mhz frequency band the performance is limited by multi-path propagation delays and a large cyclic prefix is required to prevent inter-symbol interference. This makes it impossible to have a common set of OFDM parameters that are optimal for both high and low mobility terminals operating across the frequency range of 450 Mhz to 2.5 Ghz.

2. Proposal

In this proposal the OFDM sub-carriers are dynamically reserved for each individual radio link according to the speed at which the terminal is moving. The OFDM symbol duration is kept constant; however the adjacent sub-carriers making up a radio link are automatically reserved and left unused, if subject to high doppler shift. This avoids adjacent sub-carrier interference while retaining orthogonality between the sub-carriers. This allows low speed terminals to obtain the maximum possible channel throughput, while at the same time allowing other high velocity terminals to operate with the same set of OFDM parameters. Fast sub-carrier reservation is signalled between the base station and the user equipment over the physical layer as part of the transport format combination indicator, allowing changes every radio sub-frame or transmission time interval (TTI). As a result high and low mobility terminals can use the same shared channel. The high velocity terminals will not be capable of the same maximum throughput (only a fraction of that possible with a low velocity terminal); however the number of these terminals will only be a small fraction of the total number within the cellular system. This allows a single set of OFDM parameters to be used which maximizes the channel capacity at low mobility and can operate over all frequency bands. (e.g. between 450 Mhz and 2.5 Ghz).
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Figure 1  - Example of sub-carrier reservation.

Actions required at the transmitter.

· The network (or user equipment) continually estimates the velocity of the terminal(s) within the network.

· The base station uses the velocity estimation to determine the transport format of the transmission to the receiving equipment. A transport format combination indicator is transmitted for each radio sub-frame or transmission time interval (TTI) using a common control channel for a shared channel; or a fixed set of sub-carriers for a dedicated channel (e.g. just on the even sub-carriers). The transport format combination indicator signals which sub-carriers are used to transfer data and those reserved but left un-used. 

· The velocity estimate could also determine the order of the modulation used on the OFDM sub-carriers used to bear data, 64 QAM, 16 QAM, QPSK or BPSK etc. This will be done in conjunction with other channel quality measurements, such as co-channel interference levels. With good radio link quality, high order modulation will be used together with greater sub-carrier spacing – thus maintaining channel capacity. At very high velocities and poor channel quality the order of modulation will be reduced to ensure the radio link is maintained.

· The sub-carriers adjacent to the common channels (such as the pilot, BCH, PCH or HS-SCCH) will be left un-used; reducing any adjacent sub-carrier interference for high mobility terminals.

Actions required at the receiver.
· The user equipment decodes the transport format combination indicator from a common set of control channels or a fixed set of sub-carriers; for shared and dedicated channels respectively.

· The transport format combination indication determines the sub-carriers and the modulation used by the transmitter.

3. Assumptions
In this proposal it is assumed that OFDM sub-carriers are grouped together into blocks of carriers. This is to ensure that individual radio links contain several adjacent sub-carriers. Ideally these blocks should be distributed across the widest possible bandwidth, to achieve good frequency diversity. In practice the grouping of sub-carriers around a dedicated pilot is likely. It minimizes the feedback bandwidth required for channel quality information; only needing feedback from blocks of carriers; rather than each individual sub-carrier.

4. Conclusion
This concept allows the OFDM sub carrier spacing to be dynamically adapted to maximize the performance of individual radio links. Thus enabling the OFDM parameter set to be optimized for low mobility terminals and at the same time permit the operation of high mobility terminals; without loss of system wide performance. 
The additional flexibility in OFDM parameters will ease the deployment of EUTRAN across a wide range of frequency bands (for example from 450 Mhz to 2.5 Ghz), by being more robust against multi-path delays in low frequency bands and doppler spread at higher frequencies.
At the same time it simplifies the deployment of a single frequency multicast service, by reducing the need for base station synchronization or use of separate OFDM parameter sets for multicast and unicast services.

