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1. Introduction

The task of the Study Item “Analysis of OFDM for UTAN enhancement” [1] is to evaluate the potential advantages of introducing OFDM modulation as an additional mode-of-transmission for the UTRA FDD downlink. This paper summarizes some aspects that need to be taken into account in such an evaluation in order for it to provide relevant inputs to future discussions and a decision on whether to introduce OFDM in UTRA/FDD or not.

2. Channel Modelling

The well known, and basically the only generally accepted, benefit of OFDM compared to other transmission technologies, is that it is a straightforward method to achieve robustness to time-dispersive (frequency selective) radio channels. This robustness comes from the fact that an OFDM signal consists of many narrow-band carriers where each carrier is typically subject to frequency-non-selective fading, in combination with the possible use of a guard space appended to each OFDM symbol. 

System-level evaluations often assume that the radio-channel time-dispersion characteristics are invariant over the cell area. However, in practice the actual time-dispersion characteristics will obviously vary.

· More time-dispersion can typically be expected at the outer rim of the cell area. At the same time, in such locations, the overall interference is typically dominated by interference from other cells (inter-cell interference) and not by “self interference” due to time dispersion 

· Close to the cell site, were interference from the own cell (intra-cell interference) dominates, the amount of time-dispersion is often limited

To get a correct evaluation of the potential system-level benefits of introducing OFDM as a new mode-of-transmission, it is obviously important that this is taken into account in the overall system-level channel modeling. As an example, an evaluation that assumes significant time dispersion also close to the cell site would not give a correct picture of the potential system-level benefits of OFDM

3. Assumptions on receiver structure

In the arguments of the benefits of a new OFDM mode-of-transmission it is often assumed that a “simple” RAKE receiver is used for the reception of release 5 HS-DSCH. However, the performance of release 5 HS-DSCH transmissions obviously depends on the receiver structure being applied at the UE. Significantly better link performance can be achieved with more advanced receiver structures, especially in case of time-dispersive channels, see e.g. [2]. Although the improved performance with a more advanced receiver structure comes at the expense of increased UE complexity, the same is obviously true in the case of introducing OFDM as an additional new mode-of-transmission for UTRA FDD. 

Thus, in the evaluation of the potential performance benefits of OFDM, it is important that the performance-vs-UE-complexity trade-off is compared with the introduction of more advanced receiver structures for release 5 HS-DSCH. Exact what advanced receiver structure to use in such comparison should be up to submitting companies, and, preferably, several structures should be part of the comparison. The important thing is that a comparison not taking into account the possible use of more advanced receiver structures for release 5 HS-DSCH will give a false picture of the potential benefits of OFDM.

Some other aspects, in addition to the basic performance, also need to be taken into account when comparing the benefits of a new OFDM mode-of-operation with the introduction of more advanced receiver structures for release 5 HS-DSCH.

· Applicability to other channels
The additional UE complexity associated with the introduction of OFDM receiver functionality is obviously only useful when the UE is to receive such signals. On the other hand, the additional UE complexity associated with the introduction of a more advanced receiver structure for release 5 HS-DSCH is typically equally useful and beneficial in case of reception of other UTRA FDD downlink transport channels (DCH, DSCH, and common channels). Thus, for the same incremental complexity, the introduction of more advanced receiver structures is much more attractive both from a UE manufacturer and network operator point-of-view. Alternatively, to be justified, the incremental complexity of an OFDM receiver must be much less, compared to the introduction of more advanced receiver structures, for the same performance benefit.
· Impact on infrastructure
In contrast to the introduction of a new OFDM mode-of-transmission, introducing UEs with more advanced receiver structures has no impact on infrastructure hardware.
· Spectrum usage
Compared to the introduction of a new OFDM mode-of-transmission, introducing UEs with more advanced receiver structures does not require any additional spectrum. This is obviously important for network operators with limited spectrum, for which a new OFDM mode-of-transmission may be completely useless. It is also important in general, as the separation into different carriers typically implies a “trunking” loss with a corresponding loss of efficiency. As a minimum, this loss must be evaluated within the Study Item and be included in the overall evaluation of the potential benefits of the introduction of an OFDM in UTRA FDD.
4. Spectrum properties and filtering

The spectrum properties of the transmitted signals are very important when comparing different transmission technologies. Obviously, any OFDM mode-of-transmission must fully satisfy the UMTS out-of-band-emission requirements. However, also other spectrum properties need to be taken into account. As an example, operating UTRA FDD with a carrier spacing significantly less than 5 MHz is clearly possible, especially in case of co-located carriers. The same should be possible for an OFDM mode-of-transmission. If not, this needs to be taken into account in the overall evaluation of the system-level benefits of OFDM. As an example, comparing release 5 HS-DSCH, with an OFDM mode-of-transmission that exactly fits into 5 MHz would not give a correct evaluation of the system-level benefits of the two systems.

As the OFDM robustness to time-dispersion is a direct effect of the structure of the transmitted OFDM signal, any filtering/pulse-shaping needed to satisfy e.g. UMTS out-of-band emissions may directly affect this robustness. Thus any conclusive performance evaluation of OFDM must include the effect of required filtering/pulse-shaping.
5. Summary

This paper has discussed some aspects related to the evaluation of OFDM as a new mode-of-transmission for UTRA/FDD. We have identified at least the following important aspects that needs to be taken into account, already from the start, in such an evaluation:

· A channel model that captures the relevant time-dispersive characteristics of the channel is necessary for a proper evaluation of the potential system-level benefits of OFDM. As an example, the channel model must take into account the variations of the time-dispersion over the cell area.

· The possible use of advanced receivers for release 5 HS-DSCH must be included in the evaluation. The additional benefits of such approach, including benefits to all current transport channels, no impact on infrastructure, and possibility for operation within a single downlink carrier must be included in the overall evaluation.

· The detailed spectrum properties of the OFDM signal must be taken into account already in the early stage of the evaluation. Also, the impact on any necessary filtering/windowing needs to be included in the evaluation.
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