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1 Executive Summary

This document proposes a system-level performance evaluation of OFDM for HS-DSCH services [1]. Performance evaluation for the current WCDMA-HSDPA UTRAN is also provided for the sake of comparison. In this case, performance with a conventional Rake receiver is evaluated, as well as performance with an advanced G-Rake receiver.

Simulation results show that the introduction of OFDM in UTRAN could allow packet call throughput gains on the order of 100% or more, over WCDMA with a Rake receiver, for HSDPA services under typical time-dispersive channels. Even in the case of a nearly-flat fading channel (Pedestrian A), the performance of OFDM is significantly better than that of WCDMA with a Rake receiver. 

These simulation results also show that the introduction of an advanced G-Rake receiver improves the performance significantly (over the Rake) for nearly flat channel models, i.e. Pedestrian A, which has a 50% coherence bandwidth of 4.4MHz [2]. For channel models with a non-negligible amount of time dispersion (Pedestrian B and Vehicular A), the introduction of such an advanced receiver does not seem to bring significant benefits over a conventional Rake receiver.. 

Overall, these simulation results show that the introduction of OFDM in UTRAN could improve significantly the performance of HSDPA services in typical time-dispersive channels. The improvement is such that even the introduction of an advanced receiver (G-Rake) does not seem to be a competitive solution.

2 Introduction

This document provides a comprehensive set of performance results comparing the system-level performance of OFDM against WCDMA within the UTRAN HSDPA framework. While previously presented system-level simulation results (in [4] and [5]) did not model the instantaneous impact of the channel impulse response, this new set of results in based on a revised simulation methodology taking that effect into account [3].

For the sake of clarity, detailed link and system-level performance curves are presented in separate documents. Supplement A contains the link-level details [6], whereas Supplement B presents system-level performance curves [7]. This document provides a summary and a brief analysis of these results.

3 Performance Summary

In this section, the system-level performance results reported in [7] are summarized. The results for the maximum throughput scheduler
 are presented for all time-dispersive channel models and for 3 traffic models: full-queue, FTP and HTTP.

3.1 Full-Queue Traffic

The performance of the maximum throughput scheduler for the different channel models is illustrated in Figure 1. These results are presented in terms of the over-the-air throughput, given that this is a non-bursty traffic model. 
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Figure 1: Average over-the-air throughput for full-queue traffic model (max-throughput scheduling, 56 users)

In Outdoor-to-Indoor/Pedestrian A (OIP-A), the throughput obtained with of OFDM is more than 2x that obtained with WCDMA and a conventional Rake receiver. Note that this channel is introducing very little time dispersion (or frequency selectivity), since its 50% coherence bandwidth is in the order of channel bandwidth (i.e. 4.4MHz vs. 5MHz). This means that even for nearly-flat channels, OFDM could offer a significant improvement over WCDMA with a Rake. Also, for the other channels models, which are introducing more time dispersion, the throughput obtained with OFDM is about 3x that obtained with WCDMA and a Rake.

When compared to WCDMA with an advanced G-Rake receiver, the only major change is in the nearly-flat OIP-A channel model. In that case, the throughput obtained with WCDMA and a G-Rake is much closer to that obtained with OFDM (only ~15% less). This is a significant improvement over the WCDMA performance with a Rake receiver. However, it is important to note that OIP-A introduces very little time dispersion. For channel with non-negligible time dispersion (OIP-B and VA), the throughput improvement obtained with a G-Rake over the Rake is relatively small (< 25%). When compared with OFDM, the performance of WCDMA with such an advanced G-Rake receiver is still 2x to 3x lower to that of OFDM. 

3.2 FTP Traffic

The performance of the maximum throughput scheduler for the different channel models is illustrated in Figure 2. These results are presented in terms of the packet call throughput, since this metric corresponds to a direct measure of the end-user experience for FTP traffic. 
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Figure 2: Average packet call throughput for FTP traffic model (max-throughput scheduling, 56 users)

The results obtained for the FTP traffic model lead more or less to the same conclusions as the ones stated in the previous section for the full-queue traffic model. The conclusions can be summarized as follows:

· OFDM leads to a packet call throughput improvement of more than 2x over WCDMA with a Rake for all channel models.

· G-Rake offers a significant performance improvement over Rake in a nearly-flat channel (i.e. OIP-A).

· In the channels introducing more time dispersion (or frequency selectivity), G-Rake offers very little improvement over the Rake.

3.3 HTTP Traffic

The performance of the maximum throughput scheduler for the different channel models is illustrated in Figure 3. These results are presented in terms of the packet call delay, since this metric corresponds to a direct measure of the end-user experience for this traffic model.
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Figure 3: Average packet call delay for HTTP traffic model (max-throughput scheduling, 56 users)

Again, the results obtained for the HTTP traffic model show essentially to the same trends as with the full-queue and FTP traffic models. The main conclusions can be summarized as follows:

· OFDM leads to a reduction of the packet call delay by 30-50% over WCDMA with a Rake for all channel models.

· G-Rake offer a significant performance improvement over Rake in a nearly-flat channel (i.e. OIP-A).

· In the channels introducing more time dispersion (or frequency selectivity), the improvement obtained with the G-Rake over the Rake is smaller.

4 System-Level C/I Distributions and their Analysis

Figure 4 through Figure 6 contain CDFs for the observed C/I values as measured on a TTI-by-TTI basis for OFDM and WCDMA with both a G-Rake and Rake receiver in each of the four dispersive channel model scenarios.  Each CDF was generated by computing the C/I for each of 100 successive TTIs at each of 10,000 uniformly distributed random user locations for one million samples per CDF in total.

These CDFs provide a good indication of how the receiver performance varies for the OFDM and WCDMA schemes, and with the two types of WCDMA receivers at hand. These C/I distributions, when compared with the BLER vs C/I curves, also allow a better understanding of the availability of different modulation and code sets, and ultimately of the average throughputs possible in different channel conditions.

In the Pedestrian A channel, which has one dominant path on average, the G-Rake receiver is able to overcome most of the channel dispersion and yields a similar C/I distribution to that observed for OFDM, while the Rake receiver is affected by the channel dispersion.  However, for the remaining three channel scenarios, there is no one single dominant path, so the channel appears less like a flat-fading channel and the G-Rake receiver has greater difficulty.  In these three cases, the G-Rake does offer a slight C/I improvement over the Rake, but the performance of OFDM in terms of C/I offers a much bigger improvement.

From these C/I distributions, it is understandable that WCDMA with a G-Rake receiver may offer similar performance to OFDM for the Pedestrian A channel. For the other three channel models and for the Rake in Pedestrian A, however, the C/I distribution indicates there should be a definite and significant improvement in the performance of OFDM as compared to either of the WCDMA receiver options.

Another observation can be made by comparing the C/I CDFs with the TTI BLER curves given in Supplement A [6].  Although a significant range of MCS combinations appear to be available for use within WCDMA, the C/I distributions indicate that the higher MCS combinations will only be usable a very small fraction of the time, especially for the Pedestrian B and Vehicular A channels.  For example, 90% of the C/I samples for the G-Rake receiver in the Vehicular A channel (both at 120 and 30 km/h) are less than or equal to 5 dB, which allows the use of essentially only the two lowest QPSK MCS schemes with correspondingly low payload sizes. 
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Figure 4:  CDFs of post-receiver C/I measurements in Pedestrian A
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Figure 5:  CDFs of post-receiver C/I measurements in Pedestrian B
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Figure 6:  CDFs of post-receiver C/I measurements in Vehicular A

5 Conclusions

The performance of OFDM has been compared to that of WCDMA for HSDPA services. For the case of WCDMA, a conventional Rake receiver has been evaluated, as well as an advanced G-Rake receiver. In all of these cases, the simulation methodology used to asses the system-level performance does take into account the instantaneous impact of the channel impulse response.

Overall, the simulation results demonstrate that the introduction of OFDM in UTRAN would bring significant benefits for HSDPA services. As illustrated herein, OFDM could allow a considerable improvement of the performance in typical time-dispersive channels. The introduction of an advanced WCDMA G-Rake receiver does not seem to be a competitive solution, given that such a receiver shows a significant performance degradation in time-dispersive channels (Pedestrian B and Vehicular A).
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� For the WCDMA simulation, this is equivalent to the max C/I scheduler. For OFDM, since the performance depends on more than the C/I, the max C/I scheduler is generalized to a scheduler that is maximizing the throughput for the given channel condition. See [2] for a complete definition.
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