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1.0 Introduction

In WG1#32, link and system simulation results were presented for WCDMA performance with the RAKE receiver in different channel conditions. This was provided as part of the OFDM SI in WG1 in order to demonstrate the performance differences between WCDMA and OFDM receiver performance. There was considerable discussion on the results presented in [2] as it was believed by a number of companies that the results showed unrealistically poor performance of the RAKE receiver. In this contribution, we have addressed this issue and provided simulation results showing what we believe is the correct RAKE receiver performance in different channel conditions.

The main motivation behind this paper is twofold –

· To clarify what is the actual WCDMA receiver performance and understand what is the reason for the discrepancy between the results presented in [2] and those described here

· To ensure that correct receiver performance is modelled and taken into account in any comparison that is made between WCDMA and OFDM systems. This is to make certain that there is a uniform understanding within WG1 of all performance issues and that decisions are made based on results agreeable to all interested parties

1.1 Simulation Assumptions 

The simulation assumptions in this study have been aligned with the description in 25.892 [7]. Section 4.4.2 of that document describes the WCDMA scenario that is equivalent to the OFDM scenario being considered as part of this SI. 

In accordance with the assumptions in [7], a fully loaded WCDMA HSDPA system has been assumed. The maximum possible 15 of SF 16 codes have been allocated to the user. The only other channel that has been modelled from the Node B is the CPICH that is needed for basic functionality of the system.

More detailed simulation assumptions are presented in Table 1.

       Table 1: Link Simulation Assumptions

	Parameter/Issues
	Setting

	Simulator
	HSDPA chip level simulator

	Power settings
	- CPICH power is set at -10 dB (relative to Node B power)
- Ior/Ioc (G-factor) is varied from –6 dB to 18 dB

	Channel environment
	ITU Pedestrian A, and ITU Vehicular A

	Spreading factor
	16

	TTI length
	2 ms 

	Frequency
	2.15 GHz

	UE speed
	3.00 km/hr and 30.00 km/hr

	Turbo decoding
	Max-Log-MAP, 8 iterations

	Averaging method
	Geometric (dB-wise) averaging

	Multi-codes
	15 codes enabled 


The TFRC combinations in Table 2 have been used in the simulations presented here.

   Table 2: TFRC Reference List used in simulations

	TFRC
	Modulation
	# Code Channels
	Coding rate

	TFRC1
	QPSK
	15
	0.25

	TFRC2
	QPSK
	15
	0.50

	TFRC3
	QPSK
	15
	0.67

	TFRC4
	QPSK
	15
	0.75

	TFRC5
	16QAM
	15
	0.25

	TFRC6
	16QAM
	15
	0.50

	TFRC7
	16QAM
	15
	0.67

	TFRC8
	16QAM
	15
	0.75


1.2 RAKE performance from [2]
The following link level simulation results from [2] have been reproduced here for easier comparison with the new simulation results presented in this paper.

It has been claimed in [2], that the RAKE receiver performance is severely limited by inter-symbol interference and multi-code interference in dispersive channels leading to a very limited set of the total available number of MCS combinations being used. The simulation results presented there also showed very poor performance of the RAKE receiver even at very high SNR values.

These results do not explain why the performance in even the near one-tap PedA channel is so poor so that only two of the presented TFRC sets can be used at a BLER of 10%. In such a scenario, the inter-code interference should be minimal as all the channelisation codes at the same delay will be orthogonal at the receiver.
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        Figure 1 : TTI BLER curves - Ped A 3 km/hr - WCDMA RAKE
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      Figure 2 : TTI BLER curves - Veh A 30 km/hr - WCDMA RAKE

1.3 Simulation Results

The following section presents new simulation results in identical scenarios as the above. It can be seen from these results that the RAKE performance in these simulations is not as poor as in the figures from [2]. The curves presented here show much superior performance in both the considered channels.

It can be seen from Figure 3 that all of the eight considered TFRC’s can be utilised in HSDPA transmission at a BLER of 1% and lower. In channels with shorter delay spread eg. PedA at 3 km/hr, this good performance is to be expected as the inter-path interference and multi-code interference is very low. The correlation properties of the spreading codes ensure that the received codes at any particular delay are orthogonal to each other.

Figure 4 shows the performance in Veh A channel which shows similar performance for the six TFRC’s considered. It is to be noted that these results are for a 15 code HS-DSCH allocation and that the performance will be better when the number of codes allocated to the HS-DSCH is reduced.
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Figure 3: TTI BLER curves - Ped A 3 km/hr - WCDMA RAKE
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  Figure 4: TTI BLER curves - Veh A 30 km/hr - WCDMA RAKE

It is also to be noted that the results presented in this section are similar to what has been earlier presented in WG1 by several companies ([3],[4],[5],[6]), which have demonstrated good performance of the RAKE receiver.

2.0 Conclusion

This paper addresses the RAKE receiver performance as presented in earlier benchmarking results as part of the OFDM SI. 

It is also to be noted that the results presented in this section are similar to what has been earlier presented in WG1 by several companies ([3],[4],[5],[6]). 
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