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1 Introduction

The Study Item “Analysis of OFDM in UTRAN evolution” was approved during the TSG RAN#16. The introduction of OFDM in UTRAN aims at achieving high bit rate transmission in downlink and in various propagation environments. This OFDM transmission should be compatible with the existing WCDMA, and being used only when high data rate services are required in the downlink [1], [2], [3]. 

One objective of the feasibility study is to check if OFDM offer better performance than WCDMA with equivalent or lower receiver complexity. In this paper we present the foreseen advantages of using OFDM for high data rate UTRAN downlink transmission. 

2 OFDM overview and properties

OFDM is well suited for high bit rate transmission in downlink, as it is well known to offer good robustness to multipath propagation with a relatively low implementation complexity (FFT). This technique was therefore already selected for broadcasting standards (DAB [4], DVB-T [5] and its corresponding Japanese standard) as well as for high data rate radio LANs such as HIPERLAN/2 [6] and IEEE 802.11a [7]. More recently, it has also been selected for new high data rates fixed wireless access standards ETSI/HIPERMAN and IEEE 802.16a. 

OFDM is very efficient in time and frequency dispersive environments e.g. in environments suffering from multipath propagation and Doppler effect, especially when used with channel coding and interleaving (Coded OFDM). The OFDM symbol is presented on Figure 1, where Tu is the useful symbol duration and Tg the guard interval. OFDM principle is to split the high bit rate information to be transmitted over a large number of carriers, in such a way that the modulated symbols will be much longer than the delay spread i.e. in order to mitigate ISI [8], [9]. This makes the modulation intrinsically robust to multipath. Moreover, orthogonality is guaranteed between all overlapping sub-carriers composing the frequency multiplex, and between consecutive OFDM symbols. This enables to define the OFDM modulation on a time-frequency frame which density is maximal. This multicarrier modulation is therefore very spectral efficient.

To combat multipath effect, a guard interval (or cyclic prefix) is appended to each OFDM symbol. It is selected long enough to absorb all the intersymbol interferences. In other words, the channel becomes flat on each sub-carriers (Cf. Figure 1). However, frequency selectivity still exists on the overall signal bandwidth. To handle it, coding and interleaving are used in combination with OFDM modulation (COFDM technique [9]).
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Figure 1: OFDM symbol representation

Applying these techniques to OFDM leads to averaging local fadings over the whole signal bandwidth and over the time interleaving depth. Frequency selectivity is then turned into an advantage, which corresponds to frequency diversity. The same channel coding schemes, as those defined for WCDMA can be used (e.g. convolutional code and turbo code).
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The principle of OFDM transmission chain is recalled in the Figure 2.

Figure 2: transmission chain synoptic

OFDM can be efficiently combined with a time and frequency multiple access. This access scheme is represented on Figure 3 (where 0 is the intercarrier spacing and Ts the total symbol duration i.e. Ts = Tu + Tg). It offers aflexible and dynamic ressource allocation. Moreover, orthogonality in time and frequency induces no intra-cell interference, even on multipath fading channels. scheme. In the frequency domain, frequency hopping can be used to perform Dynamic Channel Allocation. This technique also provides a global capacity improvement (inter-cell-interference averaging).
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Figure 3: multicarrier block identification

3 Performances of an OFDM downlink channel

The QPSK modulation with a coding rate of ¾ provides a peak radio-link throughput (data rate) of 7,2 Mbps within a 5 MHz bandwidth frequency. Higher modulation orders provide of course higher data rates. Moreover, promoted techniques in HSDPA concept, which are AMCS, H-ARQ, ..[10], can also increase the peak data rate of this OFDM downlink concept. In addition, those data rates are still available in a real mobile environment up to vehicle speed of 250 Km/h in the case of QPSK modulation [1].

One of the major issue of using OFDM in a cellular system is the frequency reuse which has a real impact on the system capacity offered by the downlink OFDM transmission. Higher bit rates are achieved on the radio link by using OFDM without co-channel interference (CCI). When CCI occurs, CDMA system still provides in theory an universal frequency reuse (practically 0.65) while downlink OFDM system only achieves a frequency reuse factor of 1/3 [11].

However, it is possible to reach a nearly universal frequency reuse (=1), i.e. to minimizes inter-cell interference, for OFDM by using techniques such as:

( Frequency Hopping (Dynamic Channel Allocation)

( Beamforming 

( MIMO (especially for indoor environment)

( Slow power control

It shall also be noticed that the time and frequency division multiple access (cf. section 2 and Figure 3) guarantees, in a multipath environment, no intra-cell interference, thanks to the frequency and time orthogonality of the symbols. In CDMA, multipath induces a loss of code orthogonality that on the contrary leads to intra-cell interferences.

Finally, another OFDM modulation, which is spectrally more efficient than OFDM with guard interval, can be also considered [12].

4 Advantages of OFDM versus CDMA

( Multipath: CDMA can tolerate long delay spreads but it captures only a fraction of the energy of the multipath signal because of the limited number of rake fingers. In OFDM, as long as guard interval is long enough, all inter-symbol-interference is absorbed. 

Moreover, multipath self-interference affects CDMA but not OFDM.

( Timing Acquisition: CDMA is very sensitive to timing and requires fast acquisition. This results in complex algorithms and overhead unlike OFDM.

( Complexity: the CDMA rake receiver is more complex than OFDM digital front end (FFT). Implementation of equalization, interference cancellation, and adaptive antenna array algorithms is simpler in OFDM.

( Power Control: CDMA requires fast and precise power control as it is very sensitive to received power fluctuations which is not the case for OFDM.

( Smart antennas: CDMA technology is less sensitive to capacity enhancement by using smart antenna techniques than OFDM technology because of CDMA intra-cell interference behaviour.

5 Conclusion

The introduction of OFDM in UTRAN aims at achieving high bit rate transmission in downlink, depending on the user's need, in various propagation environments. In this paper properties and advantages of OFDM are detailed to justify the use of OFDM for high speed transmission in time and frequency dispersive environments. Further technical contributions will participate in analysing the feasibility and the potential benefits of introducing OFDM as a high data rate downlink channel to enhance UTRAN.
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