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1 Introduction
Complexity analysis for SLIC and R-ML receivers was presented in RAN4 #69 [1]. The framework proposed was based on capturing the complexity of key receiver functionalities including channel estimation, symbol detection/cancellation and UE blind detection of interferers’ parameters as required by the receiver. 
Adhoc meeting minutes for NAICS is presented in [2].

In this paper, we provide complexity analysis using this framework for Blind SLIC and Blind R-ML receivers. The analysis provided captures the following aspects of receiver implementation:
a) Channel estimation complexity

b) Front-end core-receiver complexity: Detection / Demodulation 

c) Back-end core receiver complexity: Decoding

d) Parameter extraction complexity
In addition, we present complexity analysis for cases of network restricted parameters using semi-static signalling. The parameters presented in this paper include: 

a) TPR restriction and TM restriction for CRS-based systems

b) CSI-RS configuration restriction for UE-RS based systems
2 Assumptions and Parameters
2.1 Parameters for Complexity Evaluation

The complexity estimate will depend on the following parameters:
Parameters:
· C_MMSE-IRC_TOT = Total complexity of LMMSE-IRC

· INT_CHE_TOT = interferer channel estimation

· (R-)ML_DET_TOT = (reduced-)maximum likelihood interference & desired symbol detector

· INT_DET_TOT = interferer symbol detector

· INT_DEC_TOT = interferer CW decoding

· INT_SUB_TOT = interference regeneration and subtraction

· INT_BD_TOT = interference parameter blind detection for the parameters which are blindly detected by the UE

· CRS_N_PORTS = Number of CRS ports

· N_ITER = number of iterations, if iterative receiver is used

· LS: Number of Layers for serving cell

· LI,k: Number of layers for interferer ‘k’

· N_INT: Number of interferers explicitly considered/cancelled by NAICS receiver

· Kx= Number of REs over which operation ‘x’ is performed.

· Tx = Periodicity of the operation ‘x’, i.e. how often the operation ‘x’ is performed (time domain).

· Fx= Granularity of the operation ‘x’, i.e. operation done per PRB, subband or wideband (frequency domain)

· L = Total number of layers (serving + interferer) detected / cancelled
· N_ITER_CRS  = Number of CRS-IC iterations
The baseline MMSE-IRC receiver includes the following operations:

· Channel estimation for serving cell
· Symbol detection for serving cell
· Turbo decoding for PDSCH for serving cell
In the following sections, we provide analysis for the additional complexity of a fully blind SLIC receiver and a fully blind R-ML receiver. Currently, no network signaling exists for NAICS therefore it is desirable to have a baseline complexity estimate for each receiver under the assumption of no network signaling. Note that as network signalling becomes available, the complexity of the receiver could be further reduced by taking into account the available information.

3 Additional Complexity for Blind SLIC receiver over Rel-11 LMMSE-IRC
	 
	Qualcomm

	COMPLEXITY ANALYSIS FOR RECEIVER TYPE ‘Y’
	Method 3

	INT_CHE_TOTAL
	 (N_INT + 1)* N_ITER_CRS*INT_CHE, where INT_CHE α K_CRS 

	INT_DET_TOTAL (if needed depending on the receiver)
	N_INT*INT_DET, where INT_DET α L*K_PRBPAIR

	(R-)ML_DET_TOT (if needed depending on the receiver)
	NN

	INT_DEC_TOT  (if needed depending on the receiver
	NN

	INT_SUB_TOTAL
	N_INT*INT_SUB, where INT_SUB α L*K_PRBPAIR

	INT_BD_TOTAL
	Detailed parameter
	Assumptions (‘S’ = Signaled, ‘B’ = fully blindly detected, or ‘C’=coordinated, or ‘NN’= not needed)
	Fx
	Tx
	Method 3 with full blind detection applied
	Method 3 with partial detection applied under the assumption of column ‘Assumptions’’

	
	CFI
	B
	Per-PRB
	Per-TTI
	α K_CFI*N_INT
	Same as Column F

	
	MBSFN configuration
	B
	Semi-Static
	Semi-Static
	 
	Same as Column F

	
	RI
	B
	Per-PRB
	Per-TTI
	α K_SS*N_INT
	Same as Column F

	
	CRS AP
	B
	Semi-Static
	Semi-Static
	 
	Same as Column F

	
	Cell ID
	B
	Semi-Static
	Semi-Static 
	 
	NN

	
	Modulation Order
	B
	Per-PRB
	Per-TTI
	α K_MOD*N_INT
	Same as Column F

	
	MCS
	B
	NN
	NN
	NN
	Same as Column F

	
	RNTI
	B
	NN
	NN
	NN
	Same as Column F

	
	TM
	C (Reduced Set)
	Semi-Static with Cell ID
	Semi-Static with Cell ID
	α K_SS*N_INT
*Num_SS
	α K_SS*N_INT
*Num_Reduced_SS

	
	PMI
	B
	Per-PRB
	Per-TTI
	α K_SS*N_INT
	Same as Column F

	
	Data to RS EPRE, PA
	C (Reduced Set)
	Per-PRB
	Per-TTI
	α K_EPRE_PA*N_INT *Num_PA
	α K_EPRE_PA*N_INT *Num_Reduced_PA

	
	Data to RS EPRE, PB
	B
	Semi-Static with Cell ID
	Semi-Static with Cell ID
	α K_EPRE_PB*N_INT
	Same as Column F

	
	System bandwidth
	C (Same Bandwidth)
	Semi-Static
	Semi-Static 
	NN
	NN

	
	PDSCH allocation
	NN
	NN
	NN
	NN
	NN

	
	PDSCH bandwidth for DM-RS
	C (Same Bandwidth)
	Semi-Static
	Semi-Static 
	NN
	NN

	
	DMRS APs
	B
	Per-PRB
	Per-TTI
	α K_DMRS*N_INT
	Same as Column F

	
	nSCID
	B
	Per-PRB
	Per-TTI
	α K_DMRS*N_INT
	Same as Column F

	
	CSI-RS presence and their pattern
	C (Reduced Set)
	Per-PRB
	Per-TTI
	α K_CSI_RS
*Num_Patterns*N_INT
	α K_CSI_RS * Num_Reduced_Patterns* N_INT

	
	Virtual cell ID
	 
	 
	 
	 
	 


Total overall complexity: 

INT_BD_TOTAL = n*INT_CHE_TOTAL where n = 1 to 4

4 Additional Complexity for Blind R-ML receiver over Rel-11 LMMSE-IRC
	 
	Qualcomm

	COMPLEXITY ANALYSIS FOR RECEIVER TYPE ‘Y’
	Method 3

	INT_CHE_TOTAL
	 (N_INT + 1)* N_ITER_CRS*INT_CHE, where INT_CHE α K_CRS 

	INT_DET_TOTAL (if needed depending on the receiver)
	NN

	(R-)ML_DET_TOT (if needed depending on the receiver)
	R-ML_DET α K_PRBPAIR(L_TOT)^Q where L_TOT is the total number of layers detected by R-ML, Q is a function of R-ML receiver

	INT_DEC_TOT  (if needed depending on the receiver
	NN

	INT_SUB_TOTAL
	NN

	INT_BD_TOTAL
	Detailed parameter
	Assumptions (‘S’ = Signaled, ‘B’ = fully blindly detected, or ‘C’=coordinated, or ‘NN’= not needed)
	Fx
	Tx
	Method 3 with full blind detection applied
	Method 3 with partial detection applied under the assumption of column ‘Assumptions’’

	
	CFI
	B
	Per-PRB
	Per-TTI
	α K_CFI*N_INT
	Same as Column F

	
	MBSFN configuration
	B
	Semi-Static
	Semi-Static
	 
	Same as Column F

	
	RI
	B
	Per-PRB
	Per-TTI
	α K_SS*N_INT
	Same as Column F

	
	CRS AP
	B
	Semi-Static
	Semi-Static
	 
	Same as Column F

	
	Cell ID
	B
	Semi-Static
	Semi-Static 
	 
	NN

	
	Modulation Order
	B
	Per-PRB
	Per-TTI
	α K_MOD*N_INT
	Same as Column F

	
	MCS
	B
	NN
	NN
	NN
	Same as Column F

	
	RNTI
	B
	NN
	NN
	NN
	Same as Column F

	
	TM
	C (Reduced Set)
	Semi-Static with Cell ID
	Semi-Static with Cell ID
	α K_SS*N_INT
*Num_SS
	α K_SS*N_INT
*Num_Reduced_SS

	
	PMI
	B
	Per-PRB
	Per-TTI
	α K_SS*N_INT
	Same as Column F

	
	Data to RS EPRE, PA
	C (Reduced Set)
	Per-PRB
	Per-TTI
	α K_EPRE_PA*N_INT *Num_PA
	α K_EPRE_PA*N_INT *Num_Reduced_PA

	
	Data to RS EPRE, PB
	B
	Semi-Static with Cell ID
	Semi-Static with Cell ID
	α K_EPRE_PB*N_INT
	Same as Column F

	
	System bandwidth
	C (Same Bandwidth)
	Semi-Static
	Semi-Static 
	NN
	NN

	
	PDSCH allocation
	NN
	NN
	NN
	NN
	N/A

	
	PDSCH bandwidth for DM-RS
	C (Same Bandwidth)
	Semi-Static
	Semi-Static 
	NN
	NN

	
	DMRS APs
	B
	Per-PRB
	Per-TTI
	α K_DMRS*N_INT
	Same as Column F

	
	nSCID
	B
	Per-PRB
	Per-TTI
	α K_DMRS*N_INT
	Same as Column F

	
	CSI-RS presence and their pattern
	C (Reduced Set)
	Per-PRB
	Per-TTI
	α K_CSI_RS
*Num_Patterns*N_INT
	α K_CSI_RS * Num_Reduced_Patterns* N_INT

	
	Virtual cell ID
	 
	 
	 
	 
	 


Total overall complexity: 

INT_BD_TOTAL = n*INT_CHE_TOTAL where n = 1 to 4
5 Conclusions
In this paper, Complexity Analysis is provided for SLIC & R-ML Receivers including channel estimation, detection/cancellation and UE blind detection of interferer parameters. 
With practical choices of parameters, the overall complexity of blind detection is between 1 to 4 times the total complexity of CRS-IC.
From the analysis above, it was shown that the complexity for detecting TM, TPR and CSI-RS significantly depends on the number of hypotheses the receiver has to detect.
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