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1
Introduction
In [1], a comparison of HSDPA vs. “textbook” OFDM was conducted and it was concluded that there was no significant difference in the system capacity of HSDPA and OFDM. 

In [2], we showed the system performance of HSDPA based E-UTRA downlink using an advanced receiver.
In this document, we discuss the complexity of HSDPA advanced receivers. 
2
Discussion
2.1
Linear Equalizer 
It is well known [3] that a CMDA system with frequency domain equalizer (FDE) in the receiver and an OFDM system have comparable complexity.  The most important difference is that the IFFT operation is carried out in the transmitter in the case of OFDM, while it is carried out in the receiver in the case of CDMA.  This is shown in Figure 1 below. 


Figure 1:  OFDM and Linear Equalizer Structures
Note that in Figure 1, the operations related to the cyclic prefix insertion are not shown.  Also, the scrambling and spreading/despreading operations were not shown. 
We will compute an estimate of the required number of operations.  We consider the following costs associated with certain numerical operations: 

· Multiplying two complex numbers: weight = 1

· Multiplying/dividing a complex number with a real number: weight = 1/2
· Multiplying/dividing two real numbers: weight = 1/4
· Addition/subtraction of two compex numbers: weight = 1/32
· Multiplying a complex number with scrambling chip (power of (1+i)): weight = 1/64

· N-point FFT/IFFT: weight = N(log2N+1)(1+1/32)
· N-point FHT: weight =  N(log2N+1)/16
Note that different processing architectures may have different costs associated with each operation.  The operations used for flow control were not considered here.   
Assuming various processing block length cases, the required number of operations is shown in Table 1 below.  
	Block Length
	FFT or IFFT
	OFDM Channel Equalizer
	HSDP Channel Equalizer
	HSDP FHT
	HSDP Scramble
	OFDM Total
	HSDP Total

	
	A
	B
	C
	D
	E
	2A+B
	2(A+D+E)+C

	256
	2376
	256
	388
	80
	4
	5008
	5308

	512
	5280
	512
	776
	160
	8
	11072
	11672

	1024
	11616
	1024
	1552
	320
	16
	24256
	25456

	2048
	25344
	2048
	3104
	640
	32
	52736
	55136


Table 1

Required number of operations for LMMSE and OFDM
3.1
Decision Feedback Equalizer 
Decision Feedback Equalizers (DFEs) can significantly improve performance to levels similar to OFDM [3].  The use of DFE has no direct impact on the transmitter structure but it adds additional operations in the receiver.  
Most known DFE results were based on considering single carrier systems, where the data is transmitted as a simple pulse train without further spreading.  In CDMA systems, the spreading with a channelization code and scrambling operations also have to be considered [4].  In general, an additional spreading/despreading and unscrambling/scrambling operation pair needs to be performed, because the signal has to be despread and unscrambled before the first decision can take place, and then the decision output  has to be spread and scrambled before it can be used as the feedback signal. In typical cases, the spreading and scrambling operations represent relatively small complexity compared with the complexity of the channel inversion for either OFDM or CDMA.     

The processing steps for a single DFE iteration setup are shown in Figure 2 below. 

[image: image1]
Figure 2:  DFE Structure
The required number of operations for DFE is shown in Table 2. The general assumptions were the same as in the case of Table 1.  The feedback filter was assumed to be a 10-tap linear time domain filter.  Note that while the scrambling and spreading/despreading operations are not shown in Figure 2, they were counted in Table 2. 
	Block Length
	FFT or IFFT
	Channel Equalizer
	Feedback Filter
	FHT
	Scramble
	DFE Total

	
	A
	B
	C
	D
	E
	2A+4(D+E)+B+C

	256
	2376
	388
	2560
	80
	4
	7648

	512
	5280
	776
	5120
	160
	8
	17128

	1024
	11616
	1552
	10240
	320
	16
	36368

	2048
	25344
	3104
	20480
	640
	32
	76960


Table 2

Required number of operations for DFE
In the above calculations, we didn’t include such processing steps as encoding decoding, interleaving, channel estimation, etc. that were expected to be similar in complexity for both HSDPA and OFDM.   

4
Conclusions
We've compared the baseband complexity of advanced receivers considered for HSDP based E-UTRA downlink  with the complexity of a receiver for OFDM based E-UTRA. We note that the baseband complexity in terms of number of operation is similar and conclude that this is not a differentiating factor. We will provide similar comparison with MIMO in the next WG1 meeting.
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