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1. Introduction
This contribution shows the results of complexity analysis on multipath interference canceller (MPIC) [1,2], which can mitigate the severe multipath interference (MPI) and keep high throughput in a multipath fading channel. The analysis is based on the number of computation operations, such as multiplication and addition, and the complexity of MPIC is compared with a conventional matched filter (MF) based Rake receiver without MPIC.

2. Additional Structure for MPIC

When implementing the MPIC as an advanced receiver for HSDPA, several structures can be considered. Among them, the following analysis is based on the structure presented in [1]. Figure 1 shows the overall structure of MPIC, which comprises several channel estimation and interference replica generation units (CEIGUs). The number of CEIGUs corresponds to the number of stages for multipath interference cancelling. The detailed structure of CEIGU is illustrated in Fig.2. The additional parts from the MF receiver without MPIC is indicated by the shadowed colours, which includes

(i) Tentative data decision detector

(ii) Data re-modulator

(iii) S/P convector for multicodes

(iv) Multiplier for removing random phase variation due to data modulation (for channel estimation)

(v) Interference replica generation of HS-DSCH and CPICH including multiplier and re-spreader

(vi) Adder for code-multiplexing of interference replicas
3. Complexity Analysis based on Computation Operations

Table 1 summarizes the number of computation, where Ns, SF, K and L are the number of the modulated symbols per frame per code, the spreading factor, the number of multicodes, and the number of multipaths, respectively. Each operation in Table 1 and 2 is indicated by “Operation (x)” in Figs. 1 and 2. Note that, these numbers are simply obtained by counting the number of computation operations. In Table 3, the comparison between MPIC and MF w/o MPIC receivers is presented. The number of multiplications and additions of MPIC becomes approximately 3/5/7 times larger than that of MF w/o MPIC for 2/3/4-stage MPIC.

4. Required Memory Size for MPIC

In order to cancel MPI, the MPIC requires storing the code-multiplexed received signals before despreading. Therefore, the required memory size becomes “Ns x SF” soft information symbols.

5. Conclusion

This contribution shows the complexity of MPIC based on the computation operations, and the results clarify that MPIC with 2/3/4-stage requires approximately 3/5/7 times larger number of multiplications and additions compared with a conventional MF based Rake receiver w/o MPIC.
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Table 1 Number of multiplications

	
	MF w/o MPIC
	MPIC

	
	
	First stage
	n-th stage
	Final stage

	(a)Despreding
	Ns x SF x (K+1) x L
	Ns x SF x (K+1) x L
	Ns x SF x (K+1) x L
	Ns x SF x (K+1) x L

	(b)Channel estimation
	Ns x (K+1) x L
	Ns x (K+1)  x L
	Ns x (K+1)  x L
	Ns x (K+1) x L

	(c)Inverse-modulation
	
	Ns x K x L
	Ns x K x L
	

	(d)Multiplication of Channel estimates 
	
	Ns x K x L
	Ns x K x L
	

	(e)Re-spreading
	
	Ns x SF x (K+1) x L
	Ns x SF x (K+1) x L
	

	(f)Multiplication of interference rejection factor
	
	
	Ns x SF x K x L/2
	

	Total
	NsL{K(SF+1)+SF+1}
	NsL{K(2SF+3)+2SF+1}
	NsL{K(2.5SF+3)+2SF+1}
	NsL{K(SF+1)+SF+1}


Table 2 Number of additions

	
	MF w/o MPIC
	MPIC

	
	
	First stage
	n-th stage
	Final stage

	(g)Rake combining
	Ns x K x L
	Ns x K x L
	Ns x K x L
	Ns x K x L

	(h)Channel estimation

(Coherent accumulations)
	Ns x SF x (K+1) x L
	Ns x SF x (K+1) x L
	Ns x SF x (K+1) x L
	Ns x SF x (K+1) x L

	(i)Multiplexing of interference repricas
	
	Ns x SF x K x L
	Ns x SF x K x L
	

	Total
	NsL{K(SF+1)+SF}
	NsL{K(2SF+1)+SF}
	NsL{K(2SF+1)+SF}
	NsL{K(SF+1)+SF}


Table 3 Complexity comparisons between MPIC and MF without MPIC

(a) Multiplication

	
	Multiplication
	Ratio to MF w/o MPIC

	MF w/o MPIC
	NsL{K(SF+1)+SF}
	1.0
	1.0

	MPIC
	2nd stage
	NsL{K(3SF+4)+3SF}
	{K(3SF+4)+3SF}/{K(SF+1)+SF}
	3.03 (SF=32, K=20)

	
	3rd stage
	NsL{K(5.5SF+7)+5SF}
	{K(5.5SF+7)+5SF}/{K(SF+1)+SF}
	5.52 (SF=32, K=20)

	
	4th stage
	NsL{K(8SF+10)+7SF}
	{K(8SF+10)+7SF}/{K(SF+1)+SF}
	8.01(SF=32, K=20)


(b) Addition

	
	Addition
	Ratio to MF w/o MPIC

	MF w/o MPIC
	NsL{K(SF+1)+SF}
	1.0
	1.0

	MPIC
	2nd stage
	NsL{K(3SF+2)+2SF}
	{K(3SF+2)+2SF+2}/{K(SF+1)+SF+1}
	2.92 (SF=32, K=20)

	
	3rd stage
	NsL{K(5SF+3)+3SF}
	{K(5SF+3)+3SF+3}/{K(SF+1)+SF+1}
	4.85 (SF=32, K=20)

	
	4th stage
	NsL{K(7SF+4)+4SF}
	{K(7SF+4)+4SF+4}/{K(SF+1)+SF+1}
	6.77 (SF=32, K=20)


(c) Multiplication and Addition

	
	Multiplication+Addition
	Ratio to MF w/o MPIC

	MF w/o MPIC
	NsL{2K(SF+1)+2SF+1}
	1.0
	1.0

	MPIC
	2nd stage
	NsL{6K(SF+1)+5SF+2}
	{6K(SF+1)+5SF+2}/{2K(SF+1)+2SF+1}
	2.98 (SF=32, K=20)

	
	3rd stage
	NsL{K(10.5SF+10)+8SF+3}
	{K(10.5SF+10)+8SF+3}/{2K(SF+1)+2SF+1}
	5.18 (SF=32, K=20)

	
	4th stage
	NsL{K(15SF+14)+11SF+4}
	{K(15SF+14)+11SF+4}/{2K(SF+1)+2SF+1}
	7.39 (SF=32, K=20)
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Fig2: Structure of CEIGU
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Fig.1: Structure of MPIC
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