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1.0 Introduction

Orthogonal Frequency Division Multiplexing (OFDM) has been approved as a 3GPP study item since June 2002. Discussions have taken place in WG1 to decide on the simulation parameters for a realistic OFDM set that may be used to compare performance against Release 5 WCDMA HSDPA in realistic and similar environments. An initial OFDM system has been defined and simulation parameters have been agreed in alignment with those adopted for other active study items. Other details that have been addressed include –

· Compatibility of sampling rates with the current WCDMA chip rate

· Reasonable FFT Complexity while maintaining adequate performance

· Spectrum mask compliance with current WCDMA requirements

· Targeted bit rates, services and application scenarios 

In order to fully quantify the performance of the studied OFDM system and make a fair comparison with an equivalent WCDMA system, it is necessary to take into account some additional issues that have not been addressed so far in the study item. These factors will help to form a more complete picture of the OFDM system, highlight its advantages and shortcomings and help in making a fair and just comparison between the OFDM and WCDMA systems. This paper introduces and discusses some of these issues in the following chapter.

1.1 Carrier Frequency Estimation and Correction

Carrier Frequency estimation and correction is of importance in judging the performance of an OFDM system and should be described adequately from the beginning of the simulation studies. The influence of carrier frequency estimation error on OFDM system performance is well known and simulation results presented without taking this into account may be optimistic.

The received signal will most likely have a frequency offset with respect to the transmitted signal due to the oscillator instability and the Doppler shift due to the UE mobility. The frequency estimation circuitry at the UE needs to reduce this error to a required level of operation within the limitations of the chosen algorithm. While the algorithm to be used to correct the frequency error need not be specified in the simulation assumptions, the error characteristics of the final irremovable error that remains after correction needs to be specified.

This will also give an indication of the maximum level of frequency error that is tolerable at the OFDM receiver to get the required performance.

1.2 Receiver Timing Considerations

As in single carrier systems, receiver time synchronization errors may influence the BER performance of the OFDM system. While the effect of this error is expected to be small compared to other impairments, it would be of use to understand the timing sensitivity of the OFDM waveform. 

1.3 Inter Cell Interference Considerations 

If same sub-carriers are reused in adjacent cells, inter-cell interference may become a problem. This possibly imposes a limitation on the system flexibility (e.g., frequency planning is needed) and can impact on spectrum efficiency. It may be noted that initial 9 cell frequency reuse as in GSM was considered in the OFDM system proposed for UMTS in 1997 [9].

An accurate model of inter-cell interference needs to be considered in the link and system level study in order to get appropriate results. 

1.4 PAR Issues

The time domain OFDM symbol is constituted as the sum of complex exponential functions, whose amplitudes and phases are dependent on the values of the random data symbols. Due to the random nature of the data and the summation of the carriers within a symbol, the OFDM symbol can exhibit a wide range of amplitudes. 

This may necessitate that the power amplifier at the transmitter be operated at considerable backoff to prevent the input signal from saturating the power amplifier. The received signal also needs to be within the dynamic range of the ADC circuitry in order to limit the quantization loss within reasonable limits. Alternatively, peak to average power reduction techniques could be applied in order to prevent the transmitted signal from saturating the amplifier [8]. Various techniques exist in the literature (eg. clipping, signal modification etc.), each with their advantages and shortcomings and it is necessary that this aspect be addressed in the system study. A comparison of the OFDM case with PAR reduction needs to be made with the equivalent WCDMA system to get an estimate of the system complexity.

1.5 Measurement and Handover Issues

The current OFDM system as proposed in 3GPP relies on the availability of the standalone downlink OFDM carrier that is used for specific type of data services. Uplink traffic is maintained on a WCDMA carrier and initial network synchronization procedures occur on the corresponding paired downlink WCDMA carrier. There is a service initiated inter-frequency handover to the OFDM carrier in case there is an identified requirement. 

This type of inter-frequency handover is essentially different from the conventional inter-frequency handover in the sense that the uplink carrier frequency remains unchanged and hence the duplex distance changes from the conventional core band 190 MHz value.

There are some open issues related to this envisaged scenario that need to be addressed –

· Synchronization to the target OFDM carrier needs to be addressed. If the OFDM and WCDMA carriers from the same Node B are time aligned, synchronization achievement may be easier else the UE will need to obtain time synchronization to the OFDM carrier before making the handover. It may be noted that WLAN systems use special symbols to obtain time synchronization.

In current WCDMA, inter-frequency handovers are preceded by compressed mode measurements in single receiver UE’s whose results are reported to the network. Before an inter-frequency handover is performed, frame and chip level synchronization has to be obtained by the UE using the downlink control channels (PCCPCH) of the new cell. 

In case a similar process is to be followed for the OFDM carrier as well, synchronization signals have to be transmitted on the OFDM carrier.

Mobility and handovers of the UE may also be severely restricted if the OFDM carrier is not available in every cell. This may particularly be the case when circuit switched connections are mapped to the OFDM carrier as these require seamless mobility. In such a case, there would be several handovers between OFDM and WCDMA systems in the case of fast moving UE’s. This situation is illustrated in the figure below.
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It may be noted that soft handover was not considered in the OFDM system proposed for UMTS evaluation in 1997 [9].

· Measurements – Measurements for current WCDMA UE’s are performed on the CPICH and other downlink control channels. The CPICH is also the phase reference used for the demodulation of dedicated channels in several cases. In the case that an UE is only connected to the OFDM carrier in the downlink, it has to agreed which channels it will use for quality measurements eg. SIR measurements. The absence of a continuous pilot signal as in WCDMA may hamper the measurement accuracy in case the measurements are performed using the scattered pilots in the OFDM signal.

· Control signaling – The OFDM carrier in addition to the user data needs to carry the control signals for the users in the cell. These include the power control commands per user per timeslot, the HS-SCCH for the HSDPA services as well as the upper layer signaling for each user that is carried on the DPDCH in WCDMA. The total OFDM bandwidth has to be partitioned in a way so that the user data and all the necessary signaling can be carried efficiently.

OFDM resource allocation also has to be signaled to the UE’s making the handover to that carrier in a cell. This would require the transmission of several additional parameters pertaining to the OFDM carrier in the cell and needs to be achieved using the active WCDMA downlink carrier in the cell.

1.6 Network Coverage Issues

Since the OFDM carrier is on a different frequency, the network coverage may be different from that of the WCDMA carrier. It is also to be ascertained if existing cell sites can be reused with the OFDM carriers as the coverage performance of OFDM may indeed differ from that of WCDMA (due to different carrier frequency, inter cell interference scenario etc.) for which the network has been planned.

2.0 Conclusion

This paper addresses some of the open issues that should be addressed as part of the existing OFDM study item. It is important that the evaluation of the OFDM system be done taking these factors into account in order that a fair and just comparison can be made with an equivalent WCDMA system.
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