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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 R6 HSDPA 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: 

A. Multiplying two complex numbers: weight = 1  (Multiplying two complex numbers means four floating point multiplications and two floating point additions; weight = 1 is a result of normalization)
B. Taking absolute square of a complex number: weight = 1/2  (Requires two floating point multiplications and a floating point addition) 

C. Multiplying/dividing a complex number with a real number: weight = 1/2  (Requires two floating point multiplications; the precise weight should be a little less because there is no addition but was rounded to negative power of two)
D. Multiplying/dividing two real numbers: weight = 1/4  (Requires one floating point multiplication; the precise number should be a little less because there is no addition but was rounded to negative power of two) 
E. Addition/subtraction of two compex numbers: weight = 1/32  (Assuming word representation, a single floating point multiplication is about 16 additions (either it takes that much longer or requires that many more parallel processing elements, depending on architecture). Multiplying two complex numbers (see A) would then be 4x16+2=66 additions. Adding two complex numbers is two additions, thus the ratio is 2/66~=1/32  after rounding to negative power of two) 
F. Addition/subtraction of two real numbers: weight = 1/64  (Half of addition/subtraction of two compex numbers (see E)

G. Multiplying a complex number with scrambling chip (power of (1+i)): weight = 1/64  (This is just a low end estimate; it is assumed that a 45o rotation can be factored out because it is just a different reference coordinate. The remaining rotations are multiples of 90o, which means simply flipping signs and/or coordinates) 
H. N-point FFT/IFFT: weight = N(log2N+1)(1+1/32)  (Assuming the use of N(log2N+1) complex multiplications and N(log2N) complex additions, again with some rounding in the end result)
I. N-point FHT: weight =  N(log2N+1)/32  (Similar to FFT above, but multiplication with ±1 is just flipping sign so can be ignored.  The weight based on the number of additions alone should be  N(log2N)/32; added  N/32 to account for recursion overhead)

Note that different processing architectures may have different costs associated with each operation.  The operations used for process flow control were not considered here in general.   
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
	A+B
	2A+D+E+C

	256
	2376
	256
	516
	80
	4
	2632
	5352

	512
	5280
	512
	1032
	160
	8
	5792
	11760

	1024
	11616
	1024
	2064
	320
	16
	12640
	25632

	2048
	25344
	2048
	4128
	640
	32
	27392
	55488


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+3(D+E)+B+C

	256
	2376
	516
	2632
	80
	4
	8152

	512
	5280
	1032
	5264
	160
	8
	17360

	1024
	11616
	2064
	10528
	320
	16
	36832

	2048
	25344
	4128
	21056
	640
	32
	77888


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
An HSDPA receiver based on linear MMSE equalizer structure performs approximately 100% more numeric operations when compared with a reference OFDM receiver.  The decision feedback structure adds 40% to 52% more numeric operations relative to the linear MMSE equalizer-based HSDPA receiver.  

These differences should be considered in the context of the total UE complexity and power consumption, including RF front-end and Tx processing, along with non baseband modem processing issues.
5
References
[1]
3GPP TR 25.892, Feasibility Study of OFDM for UTRAN Enhancement
[2]
R1-050498, System level performance of MC-HSDPA with Enhanced Receivers and Multiple Receive antennas – Full Buffer, Qualcomm Europe
[3]
D. Falconer et al., “Frequency Domain Equalization for Single-Carrier Broadband Wireless Systems,” IEEE Communications, April 2002
[4]  
D. Falconer et al., “Decision Feedback Equalization for CDMA in Indoor Wireless Communications,” IEEE Journal on Selected Areas in Communications, Vol. 12, No. 4, May 1994
In





Detector





Detector





Equalize





In





IFFT





Detector





Filter





Channel

















IFFT





FFT





IFFT





Equalize





FFTnel





Channel





Detector





OFDM:





LMMSE:








In





Equalize





FFTnel








Channel








� Directly from H


� One complex multiplication per frequency bin (multiply by conjugate of channel transfer function)


� For each frequency bin, we have the following operations:  one complex multiplication by conjugate of channel transfer function (weight 1); an absolute square of the channel transfer function (weight 1/2); adding two real numbers: (weight 1/64); dividing a complex by real (weight 1/2); altogether (1+1/2+1/2+1/64)*Block_Length


� Directly from I


� Directly from G


� Directly from H


� For each frequency bin, we have the following operations:  one complex multiplication by conjugate of channel transfer function (weight 1); an absolute square of the channel transfer function (weight 1/2); adding two real numbers: (weight 1/64); dividing a complex by real (weight 1/2); altogether (1+1/2+1/2+1/64)*Block_Length


� For each time sample, Num_filter_taps complex multiplications and (Num_filter_taps-1) complex additions, with Num_filter_taps=10.  Altogether this gives total # of feedback operations = Block_Length*(10+9/32). 


� Directly from I


� Directly from G
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