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1 Introduction

In RAN 4 68bis the analysis of the complexity was discussed for NAICS and the way forward in [1] was agreed. The methodology highlighted in [1] is used in this paper in order to provide the analysis.
2 Complexity discussion
The following blocks have been considered as described in [1] for the complexity analysis:

· Channel estimation complexity
· Front-end core-receiver complexity: Detection / Demodulation 
· Back-end core receiver complexity: Decoding
· Parameter extraction complexity
The following notation is used:

· 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
The following variables are used:

· 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) 
In addition, in previous meeting RAN 4 has provided a list of the parameters needed by the advanced receivers in order to perform cancellation (note that for certain receivers, some parameters are not needed):
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The analysis of the complexity is provided in the attached xls sheet for E-LMMSE-IRC, SLIC and R-ML under the following assumptions:

-Complexity is provided for CRS-based TM and DM-RS based TM

-Complexity of CRS-IC/DM-RS IC or CSI-RS IC  is not considered.
The complexity of the parameter estimation is reported here for sake of clarity including the common parameters for E-LMMSE-IRC, SLIC and R-ML. Here we also include a colum to indicate whether the estimation has or does not have negligible impact on overall complexity and we highligth the parameters which dominate the complexity of the blid detection according to our Signalling/coordination/blind detection assumptions.

	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’’
	Comments/Negligible impact to overall complexity, ‘N’ / Small impact to overall complexity ‘S’ / High impact on overall complexity ‘H’

	CFI
	S to indicate if the same CFI is used. If not B (reading PCFICH required)
	W
	Subframe
	INT_PCFICH*N_INT. Note that CFI knowledge can improve the performance 
	INT_PCFICH*N_INT
	Only used to improve the performance for SLIC. ML needs this parameter. For E-LMMSE-IRC this is not considered as the improvements of the performance due to knowledge of CFI may be marginal. ‘S’ (small amount of bits to be decoded).

	MBSFN configuration
	B
	Wideband
	Semistatically configured but identity of interference cell may change 
	INT_MBSFN*18*KW,RB*N_INT/X
	INT_MBSFN*18*KW,RB*N_INT/X
	 ‘N’

	RI
	B
	Subband
	subframe
	INT_RI*KPDSCH,RE
	INT_RI*KPDSCH,RE
	Note that if PDSCH allocation for the NC can be considered over a e.g. subband basis, the reliability of the estimation can be improved. Nevertheless the complexity does not change. ‘S’

	CRS AP
	B (via PBCH NC reading)
	6PRBs
	Semistatically configured but identity of interference cell may change 
	INT_PBCH*N_INT/X
	INT_PBCH*N_INT/X
	 ‘N’

	Cell ID
	B
	W
	Semistatically configured but identity of interference cell may change 
	0
	0
	The complexity could be considered as INT_CellID*N_INT/X, but it is mentioned as 0 because this is not considered as an additional complexity compared to other receivers thanks tonormal procedure to report measurements.

	Modulation Order
	B
	PRB  
	Subframe
	INT_MODORD*KPDSCH,RE
	INT_MODORD*KPDSCH,RE
	Applicable for ML. Same complexity order as RI/TM and PMI estimation, ‘S’

	MCS
	NN
	NA
	NA
	0
	0
	 

	RNTI
	NN
	NA
	NA
	0
	0
	 

	TM
	B
	Subband
	subframe
	INT_TM*KPDSCH,RE
	INT_TM*KPDSCH,RE
	Same complexity order as RI, ‘S’

	PMI for CRS TM
	B
	S
	subframe
	INT_PMI*KPDSCH,RE
	INT_PMI*KPDSCH,RE
	Same complexity order as RI, ‘S’

	Data to RS EPRE, PA for CRS TM
	S: to limit the signalling overhead, eNodeB indicates a single value per cell
	W
	every X subframes
	INT_PA/X
	0
	 ‘N’ even if blindly detected if constraints on the networks are considered. ‘H’ if no constraints are considered.

	Data to RS EPRE, PB  for CRS TM
	S or B
	W
	semistatically configured.
	INT_PB/X
	INT_PB/X
	‘N’

	System bandwidth for CRS TM
	B (via PBCH NC reading)
	6PRBs
	Semistatically configured but identity of interference cell may change 
	INT_PBCH*N_INT/X
	INT_PBCH*N_INT/X
	‘N’

	PDSCH allocation
	S (network signal restriction in terms of NC PDSCH allocation or allocation type) and then B
	PRB or Subband
	Subframe
	INT-PDSCH*N_INT*KW,RE (worst case)
	INT-PDSCH*N_INT*KW,RE (worst case)
	Same complexity order as RI, ‘S’

	PDSCH bandwidth for DM-RS
	B
	NA
	NA
	0
	0
	After detecting DM-RS and antenna ports and nSCID --> PDSCH bandwidth is known

	DMRS APs
	B
	Subband
	Subframe
	INT_DMRS*(Li,1+Li,2)*KW,RB
	INT_DMRS*(Li,1+Li,2)*KW,RB
	 ‘H’

	nSCID
	B
	Subband
	Subframe
	INT_nSCID *N_INT*KW,RB
	INT_nSCID *N_INT*KW,RB
	 ‘S’

	CSI-RS presence and their pattern
	B (after detection of TM), pattern S
	W
	Semistatically configured but identity of interference cell may change 
	INT_CSI-RS_PATTERN*N_INT*KCSI-RS *N-CSI-RSAP
	0
	Every potential configuration needs to be considered in order to detect the pattern, in case of blind estimation of the patter. If this has to be done the impact to complexity is ‘H’ 

	Virtual cell ID
	S or partly signalled
	subband
	Subframe
	INT_VirtCellID*N_INT*504*Ksubbands*N_CellID
	0
	‘H’ if it needs to be fully blindly detected


3 Overall complexity

In terms of overall complexity the xls sheet provides an estimate of the overall cost associated to the implementation of E-LMMSE-IRC, SLIC or R-ML wrt LMMSE-IRC.

The following overall complexity if considered for practical receivers:

E-LMMSE-IRC: 4*LMMSE-IRC

SLIC: 7*LMMSE-IRC

R-ML:  9*LMMSE-IRC
Under the assumption of 2 cancelled interferers.
4 Conclusion

This document provides the analysis of the complexity for the following receiver types:

E-LMMSE-IRC, SLIC, R-ML by taking into account the complexity due to fully blind or partially blind estimation of certain parameters as shown in previous sections. The analysis is provided in the attached xls sheet.
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