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1	Introduction
Recently, the discussion related to the computational complexity of candidate NAICS receiver schemes has been initiated on the RAN4 e-mail reflector [1]. In the discussion, interested companies were asked to provide their views on the computational complexity of candidate NAICS detectors. In this contribution, we provide further insights on the computational complexity of candidate NAICS receivers in the presence of full network side assistance at an UE side. 
2	Discussion on Computational Complexity of NAICS Receiver Schemes 
The target of this section is to characterize the asymptotic computational complexity of selected candidate receiver schemes by assuming full network side assistance at an UE side.  In this contribution, the aspects of partially/fully blind receiver operations are discarded. The reason for this is that the computational complexity of actual MIMO signal detection stage with full network side assistance needs to be firstly addressed and agreed in the RAN4. After this, the discussion on computational complexity aspects of a blind based receiver schemes can be initiated. 
To avoid discussion related to any specific processor architecture, the number of multiplication and division are omitted from this evaluation due their possible dependence on the considered architecture. Instead of this, the asymptotic computational complexity of the selected candidate detector schemes is characterized by using the O-notation. Furthermore, issues related to the memory consumptions and processing delay of the candidate schemes are also discarded from the consideration. 
Table 1 provides a summary of the estimated computational complexity of selected Rel-12 candidate MIMO signal detection schemes. To ease the comparison between different detection schemes, the complexity comparison is provided per modulated data symbol. It is worth noting that for the LMMSE-IRC, E-LMMSE-IRC, W-LMMSE-IRC and the symbol/codeword based LMMSE-SIC, the filter coefficients may be updated e.g. per sub-band/PRB basis. On the contrary, for the symbol based LMMSE-SIC filter coefficients need to be computed for each modulation symbol. In the same way, ML based approach calculates also the decision metric for each bit of every modulated data symbols. As can be observed, symbol/codeword-level LMMSE-SIC schemes per subsequent stage and LMMSE-IRC/E-LMMSE-IRC detectors have a cubic order complexity in terms of number of receiver antennas. The cubic order complexity becomes from the matrix inversion of the interference covariance matrix. On the contrary, the WLMMSE-IRC requires twice the amount of arithmetical operations with respect to the LMMSE-IRC. However, due to this limited increase in the complexity, the computational complexity of WLMMSE-IRC can be still considered to be of the same order as the LMMSE-IRC. The sequential behaviour of LMMSE-SIC based detectors scale linearly with the number of subsequent stages S, which depends on the number of layers and interferers to be cancelled. It is worth also noting that the computational complexity of the turbo decoder is not specifically addressed in this contribution. Hence, the estimated computational complexity of both symbol and codeword SIC detectors result to be on the same level in Table 1. However, this does not hold in practice because the codeword based LMMSE-SIC exploits the output of turbo decoder in subsequent cancellation stages whereas symbol-level SIC not. Clearly, to provide a fair computational complexity comparison between candidate receivers, the complexity of the turbo decoder should be also captured into the complexity estimates.  As can be observed, the computational complexity of full ML approach grows exponentially to the total number of jointly detected signals, . Here, M denotes the size of modulation alphabet. The exponential complexity with respect to the modulation alphabet size comes from the necessity to compute a decision metric involving an exponentially growing number of hypotheses. Consequently, in practice, the full ML approach can be considered as an intractable solution. A well-known approach to reduce the computational complexity of the full ML approach is to consider the Sphere detection [2]. In general, the computational complexity of the Sphere decoding algorithm is proportional to the number of visited nodes on a search tree i.e. number of points inside of sphere with a given radius and number of jointly detected signals. It is worth noting that the radius of the sphere depends heavily on the operation point of detector [2]. Therefore, there is no fixed computational complexity available for the Sphere detector with an adaptive radius. As shown in [2], the average computational complexity of the Sphere detector is polynomial. 
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	NAICS Receiver Categorization
	Candidate detector
	Estimate of  computational complexity per modulated  data symbol 

	IS
	LMMSE-IRC
	O(NR 3) (1)

	IS
	WLMMSE-IRC
	O(2NR3) (1)

	IS
	E-LMMSE-IRC
	O(NR3) (1)

	IC
	 Symbol-level LMMSE-SIC 
	O(SNR3) (2)

	IC
	Codeword LMMSE-SIC 
	O(SNR3) (1)

	ML
	Sphere (ML-based)
	Polynomial on average (5),(6)

	ML
	Full ML
	O (3) (4) 


(1) Filted to be computed for each modulation symbols. Srly the value presented in the table. h compleixytcoefficients need to be update per PRB/sub-band
(2) coefficients need to be update per modulation symbol
(3) decision metric needs to be calculated for each modulation symbol
(4) It is assumed that all jointly detected signals use same modulation alphabets.
(5) The complexity of the sphere decoding algorithm is proportional to the number of visited nodes on a search tree i.e. number of points inside of sphere with a given radius and number of jointly detected signals. The radius of the Sphere depends heavily on the operation point of detector [2].
(6) This value reflects the computational complexity of ML- based sphere detector on average.
Observation 1: LMMSE-IRC, E-LMMSE-IRC, WLMMSE-IRC and symbol based LMMSE-SIC are considered to have low computational complexity. 
Observation 2:  Codeword based LMMSE-SIC is considered to have medium computational complexity.
Observation 3: Full ML based joint detection scheme has prohibitively high computational complexity.
Observation 4:  The computational complexity of Sphere detector with dynamic radius is polynomial on average. Since there is no fixed computational complexity available for the dynamic radius based Sphere detector, its computational complexity can be considered to be high. Hence, the dynamic radius based Sphere detector can be considered to be as practically infeasible approach.  
Based on the above discussion and observations, the following proposals are made:
Proposal 1: The computational complexity of candidate NAICS receivers should be firstly addressed in the presence of full network side information. 
Proposal 2:To have a common understanding on the computational complexity of practically feasible reduced ML based schemes, companies are asked to provide further details on their reduce complexity ML candidate solutions.  

7	Conclusions
In this contribution, further insights on the computational complexity of the Rel-12 candidate NAICS receiver schemes have been provided. Our observations and proposals are provided in the following:
Observation 1: LMMSE-IRC, E-LMMSE-IRC, WLMMSE-IRC and symbol based LMMSE-SIC are considered to have low computational complexity. 
Observation 2:  Code word based LMMSE-SIC is considered to have medium computational complexity.
Observation 3: Full ML based joint detection scheme has prohibitively high computational complexity.
Observation 4:  The computational complexity of Sphere detector with dynamic radius is polynomial on average. Since there is no fixed computational complexity available for the dynamic radius based Sphere detector, its computational complexity can be considered to be high. Hence, the dynamic radius based Sphere detector can be considered to be as practically infeasible approach.  
Proposal 1: The computational complexity of candidate NAICS receivers should be firstly addressed in the presence of full network side information 
Proposal 2:To have a common understanding on the computational complexity of practically feasible reduced ML based schemes, companies are asked to provide further details on their reduce complexity ML candidate solutions.  
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