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1. Introduction

On the RAN1#36 meeting, we have presented performance results on link level of OFDM against rake receiver WCDMA in the HSDPA framework [1]. The wish has been expressed to have results measured over an instantaneous SNR. So this document presents an updated simulation giving block error rates over instantaneous SNR on TTI basis using a refined realistic channel estimation. Further the sets of simulated transport block sizes and channel coding rates have been extended.

There has been discussion on the performance that started in [2] and [3]. So, we want to present the results on what we believe is the respective link level performance. 

Thus, we want to back up the notion that the OFDM system can indeed perform much better and can yield higher throughput with a simple receiver structure, especially in typical mobile radio multipath environments.

In Section 2, we will describe the simulation assumptions, give the simulation results in Section 3 and finally summarize and draw conclusions in section 4.

2. Simulation assumptions

The simulation assumptions are aligned with the Technical Report [4] section A.1.3. The transport formats from Table 10 were used in the simulations and comparisons of fully loaded systems. I.e., 15 codes or 15 so called OFDM units of 480 QAM symbols each are used, all allocated to one user link. Especially the transport formats in the 1st, 2nd, , 3rd  as well as 6th, 7th and 8th entry were used. It has to be mentioned that the set defined as “core” formats in the TR is slightly different.

The OFDM HS-DSCH is modulated using the OFDM physical parameter Set 1.

As pilot grid for OFDM, the grid as proposed in [5] for Set 1 is applied which allocates 19 pilot subcarriers of 296 used subcarriers for every second OFDM symbol.

The performance for both systems WCDMA and OFDM has been simulated including real channel estimation. Interference has been modelled by white Gaussian noise.

Further simulation assumptions are given in Table 1.

Reference OFDM physical configuration set
SET1 [2]

Channel environments
Pedestrian B (3km/h), Vehicular A (30km/h)
Both evaluated with instantaneous SNR

Modulation, Coding rates
QPSK 1/3, 1/2, 2/3, 16QAM 1/3, 1/2, 2/3

Number of channel coded bits per TTI
14400 bits (QPSK) or 28800 bits (16QAM)

Turbo decoding
Max-Log-MAP, 8 iterations

Pilot spacing in OFDM
16 subcarriers, 2 OFDM symbols

Channel estimation
Real

WCDMA Pilot to Total power ratio
-10 dB

OFDM Pilot to Total power ratio
-14.8 dB

OFDM pilot resource
3.3 %

Time window for OFDM prefix/postfix
30 samples

Number of TTIs involved
750...1000 TTIs with instantaneous SNR

Table 1: Simulation parameters
Basis for the comparison is the same instantaneous SNR in both systems that is: own cell power to interference noise power in an UMTS system. The signal energy includes both data and pilot energy, the noise power contains only other cell interference in both WCDMA and OFDM cases.

3. Simulation Results

3.1. Block error rates

The following section presents simulation results for block error rate (BLER) in the discussed scenarios.

The simulation results comprise the BLER values for the different modulation and coding schemes (MCS) both for W-CDMA and OFDM over instantaneous SNR. Figure 1 and Figure 2 show the results for the pedestrian B channel with a mobile speed of 3 km/h. Furthermore, Figure 3 and Figure 4 show the results obtained for the vehicular A channel at 30 km/h. 

As can be seen for the pedestrian B channel, all simulated MCSs in OFDM approximate zero BLER, while for WCDMA the results are quite poor showing only the QPSK 1/3 MCS (i.e., the most robust MCS) to be without an error floor exceeding 10%.

In the vehicular A channel, the results for WCDMA do not become substantially better. This is shown in Figure 3, demonstrating that only the QPSK 1/3 and QPSK 1/2 MCSs (i.e., the two most robust MCSs) are shown to be without an error floor exceeding 10%, while in OFDM as shown in Figure 4 still all MCS approximate zero BLER. This result seems to be in contrast to the contribution in [3].
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Figure 1: Block error rates for WCDMA over pedestrian channel
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Figure 2: Block error rates for OFDM over pedestrian channel
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Figure 3: Block error rates for WCDMA over vehicular channel
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Figure 4: Block error rates for OFDM over vehicular channel

3.2. Throughput

The following section presents simulation results for (user-to-user) throughput in the discussed scenarios.The throughput has been estimated as

Throughput  ≈  (1-BLER) × Throughputmax
where Throughputmax represents the maximum (or intrinsic) throughput for a given MCS, occurring on a perfectly error-free channel. Effects of hybrid ARQ (HARQ), which can be applied for HSDPA transmission on both WCDMA and OFDM, have been neglected.

The simulation results comprise the throughput values for the different MCSs both for W-CDMA and OFDM over instantaneous SNR. Figure 5 and Figure 6 show the results for the pedestrian B channel with a mobile speed of 3 km/h. Furthermore, Figure 7 and Figure 8 show the results obtained for the vehicular A channel at 30 km/h. 

As can be seen for both the pedestrian B and the vehicular A channels, all simulated MCSs reach their maximum throughput values, providing a data rate of up to 9.6 Mbit/s. In WCDMA, the throughput does not exceed 3 Mbit/s for the pedestrian B channel or 3.5 Mbit/s for the vehicular A channel, i.e. less than 40% of the OFDM throughput is reached. From the obtained results, it is expected that an even higher discrepancy is found when higher code rates (e.g. 3/4 or 4/5) are applied, where OFDM may enable real transmission rates well beyond 10 Mbit/s.
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Figure 5: Throughput for WCDMA over pedestrian channel
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Figure 6: Throughput for OFDM over pedestrian channel
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Figure 7: Throughput for WCDMA over vehicular channel
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Figure 8: Throughput for OFDM over vehicular channel

4. Summary and Conclusions

In realistic channel environments OFDM can show its superior performance compared to WCDMA with a standard rake receiver. Usage of 16QAM modulation with high coding rate is possible to realize high data throughput, even with a relatively simple receiver structure.

The better performance of WCDMA in the lowest SNR regions may be due to unoptimized pilot power settings for OFDM.

The extended link-level performance results can be useful in the discussion of system level performance and the overall benefits of the new OFDM air interface for UMTS.
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