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1. Introduction

In [1], the basic methodology to evaluate the system-level performance of different air-interface technologies in general, and OFDM in particular, was discussed. It was concluded that a critical component needed for an accurate system-level evaluation was the availability of an Effective SIR Mapping (ESM). The ESM maps the instantaneous channel state into a single scalar value, an effective SIR that is then used to find an estimate of the Block-Error probability (BLEP) for this specific channel state. In [2], the exponential ESM was presented as a candidate ESM for a multi-state channel. In this paper, the exponential ESM is used for an initial system-level evaluation of OFDM performance including a comparison with HSDPA release 5. It should be noted that there are still certain question marks on the accuracy of the exponential ESM, especially in the case of higher-order modulation, see [2]. Thus, the system-level evaluation presented in this paper should be seen as preliminary and, at least in terms of the parameterization of the exponential ESM, optimistic.

2. Assumptions for the evaluation

This section presents the simulation assumptions (transmission parameters, deployment parameters, etc.) used in the system-level evaluation. In order to focus on the key differences between HSDPA Release 5 and OFDM transmission and to, as much as possible, avoid that any comparison is clouded by unnecessary differences in the assumptions there has been an attempt to achieve as much parameter commonality as possible between the two cases. Especially, the OFDM transmission parameters have been selected to allow for identical transport formats in the two cases.

2.1. Transmission parameters

Table 1 provides the transmission parameters assumed for HSDPA release 5. These can be seen as typical parameters for the case when a major part of the cell resources have been allocated for HS-DSCH transmission.

	Number of HS-DSCH codes
	14 ( 6720 symbols per 2 ms TTI)

	HS-DSCH transmit power
	16 W ( 80 % of total cell transmit power)

	HS-DSCH transport formats
	See below


Table 1:  HSDPA release 5 transmission parameters

Table 2 provides the transmission parameters assumed for OFDM. The following should be noted:

· The basic OFDM parameters, i.e. the sub-carrier spacing and the corresponding number of sub-carriers, are somewhat different compared to other papers presented at RAN1. As mentioned above, the reason is to allow for identical transport formats for HSDPA release 5 and OFDM. The exact choice of OFDM transmission parameters is not expected to have a significant impact on the fundamental OFDM system-level performance, assuming that the OFDM carrier spacing is in all cases significantly smaller than the coherence bandwidth of the channel. 

· Approximately 88% (14/16) of the total number of sub-carriers is used for high-speed transmission, implying an identical amount of “hard” resources allocated for high-speed transmission as for HSDPA release 5. The remaining sub-carriers are assumed to be used as pilot, for control signaling, etc., similar to the remaining code resource in case of HSDPA release 5. The set of sub-carriers allocated for high-speed transmission varies randomly between the cells in order to randomize the inter-cell interference. 
· There is no cyclic prefix included in the actual system-level simulation. The impact of the cyclic prefix is instead taking into account as a corresponding reduction of the final throughput. Once again the reason is to allow for identical transport formats for HSDPA release 5 and OFDM.  For the throughput results of Section 3, an 8% cyclic prefix has been assumed. Note that this assumption ignores the fact that the channel delay spread may exceed the length of the cyclic prefix, i.e. this assumption may be optimistic for large-delay-spread channels.

	Sub-carrier spacing
	10 kHz

	Total number of sub-carriers
	384

	Cyclic prefix
	No cyclic prefix (impact included in final throughput)

	Number of “high-speed” sub-carriers
	336 ( 6720 symbols per 2 ms TTI)

	“High-speed” transmit power
	16 W ( 80 % of total cell transmit power)


Table 2 OFDM transmission parameters

A total of 20 (non-zero) transport formats are assumed to be available, corresponding to data rates ranging from a minimum of 196 kbps to a maximum of 13.02 Mbps, see Figure 1. These are realistic transport formats for the parameter settings of Table 1. Note that only QPSK and 16QAM modulation is used in the evaluation. It is our view that including 64QAM modulation in a system-level evaluation that does not include realistic modeling of transmitter and receiver impairments implies a large risk for misleading conclusions. 
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Figure 1 Transport formats and SIR-to-data-rate mapping

2.2. Deployment structure

Table 3 summarizes the assumptions regarding the deployment parameters used for the evaluation. 

	Number of cells
	9×3 (and wrap-around)

	Cell-radius
	Variable in the range 250 m to 4000 m

	Propagation
	Pathloss: 29 + 35.2×log10(d) [dB]

Shadow-fading: N(0, 8) [dB]

	Channel models
	Pedestrian A and Pedestrian B 

	UE speed 
	Low speed (channel assumed to be constant in time during a TTI)


Table 3 Deployment parameters 

2.3. Other assumptions

A “full-queues” traffic model has been assumed in this initial evaluation, i.e. there is an assumption that there is always data available for transmission to every UE. Note that an assumption of full queues typically over-emphasizes any performance difference between different transmission schemes.

Round-robin scheduling has been assumed in this initial evaluation. It is currently not clear how any relative throughput differences will be affected by the use of a different scheduler.

3. System-level performance

This section presents the result of the system-level evaluations. The system-level performance (throughput) has been evaluated for 

· HSDPA release 5 using a simple text-book RAKE receiver

· HSDPA release 5 using a typical state-of-the-art receiver (chip-level equalization with a 20-tap linear filter followed by a simple 1-finger de-spreader)

· OFDM

Results are shown for the Pedestrian A and Pedestrian B channel models as a function of the cell radius.

For the OFDM evaluation, the generalized exponential ESM of [2] has been used
. As discussed in [2], the generalized exponential ESM includes a parameter ( that may be different for different transport formats (different modulation and/or coding schemes). For the evaluation presented here, we have made the simplified assumption that ( equals 3 dB in case of QPSK modulation and 8 dB in case of 16QAM modulation. According to [2], these are typically optimistic assumptions that under-estimates the negative effect of frequency-selective fading on OFDM link-level performance. To what extent these optimistic assumptions over-estimates the OFDM system-level performance and what can be done to achieve better accuracy of the exponential ESM, especially in the case of higher-order modulation, needs further studies.

3.1. Pedestrian A channel

Figure 2 illustrates the system throughput in case of the Pedestrian A channel. As expected, there is no major difference in system performance between the different cases, due to the relatively small amount of time dispersion in case of the Pedestrian A channel model.  HSDPA release 5 assuming a state-of-the-art receiver has a somewhat higher throughput compared to OFDM mainly due to the negative impact of the cyclic prefix on OFDM throughput.
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Figure 2 System-level performance, Pedestrian A channel model 

3.2. Pedestrian B

Figure 2 illustrates the system throughput for the Pedestrian B channel. As expected, OFDM as well as HSDPA using a state-of-the-art receiver clearly out-performs HSDPA using the simple text-book RAKE receiver. The reason is the substantial time dispersion of the Pedestrian B radio channel. Compared to HSDPA using a state-of-the-art receiver, OFDM offers a benefit in the order of 15-20%. However, one should then have in mind that optimistic assumptions have been made with regards to the exponential ESM used in the OFDM evaluation. With less optimistic assumptions, i.e. smaller values for the parameter ( in [2], the benefit of OFDM can be expected to be smaller. 
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Figure 3  System-level performance, Pedestrian B channel model

3.3. On the use of advanced (state-of-the-art) receiver structures

In this paper, a 20 tap chip-level equalizer followed by a simple one-finger de-spreader has been assumed for HSDPA. Other papers have used the G-RAKE as an example of an “advanced” HSDPA receiver. There are also many other alternative receiver approaches. The use of the chip-level equalizer should thus only be seen as one example of a state-of-the-art receiver structure for HSDPA.

In terms of complexity, the chip-level equalization clearly requires a significantly higher base-band processing, relative to the simple RAKE receiver. It is fair to assume that the chip-level equalizer also requires quantitatively higher base band complexity, compared to the FFT needed to “demodulate” a corresponding OFDM signal. However, when considering the complexity of different transmission structures, and the corresponding performance gains, it is important to have the following in mind:  

· It is our view that advanced (non-RAKE) receivers, in some form, anyway will be part of baseline implementations in future HSDPA terminals, perhaps even in a relatively near future. Thus the complexity of adding OFDM to the terminal should not be compared to the introduction of advanced receivers but should rather be seen as additional complexity.

· Although the introduction of an advanced receiver implies an increased terminal complexity, it is important to have in mind that this also implies a significant benefit in terms of system performance with zero infra structure impact. In contrast, the introduction of OFDM would imply a significant infra structure impact with, at most, a relatively small additional performance gain for certain channel conditions.

· The “demodulator” structure (RAKE, chip-level equalizer, FFT, or what-ever) only contributes a part of the overall terminal base band processing. Furthermore, the “cost” of introducing new/different receiver structures is often more an issue of “development complexity” and not just the cost of some quantitative complexity. 

· The demodulator obviously contributes an even smaller part of the overall terminal complexity/cost, taking into account the presence of color displays, dual cameras, etc.

4. Summary

This paper has presented an initial system-level evaluation of OFDM performance using the exponential ESM of [2]. The evaluations indicate that, assuming a state-of-the-art HSDPA receiver, OFDM provides at most a capacity gain of around 20% for channels with substantial time dispersion while, for a channel with less time-dispersion, HSDPA release 5 has a benefit over OFDM. 

5. References

[1]
“Considerations on the system-performance evaluation of HSDP using OFDM modulation”, 
R1-030999, RAN WG1 #34

[2]
“System-level evaluation of OFDM – further considerations”, R1-031303, RAN WG1 #35

� Note that the exponential ESM could also be a useful tool when evaluating the HSDPA system-lever performance in case of high-speed terminals. However, for this paper, we assume low-speed terminals (channel constant over a TTI), in which case straightforward and well-known mapping functions can be used for HSDPA.
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HSDPA Release 5 (RAKE)


HSDPA Release 5 (state-of-the-art receiver)
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