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1. Introduction
In RAN1 WG1 Meeting #94 [1], RAN1 continued the discussion on further details for evaluation of NOMA schemes. Some aspects related to receiver processing and complexity for NOMA were discussed as well, and the following agreements were reached, 
	· The following table for computation complexity analysis of the receiver as the starting point, entries can be updated till RAN1#94bis. 
Table I	Template of Receiver Computation Complexity breakup 
	Receiver component
	Detailed component
	Computation in parametric number of usages, O(.) analysis, [impact factor]

	
	
	Receiver type 1
	Receiver type 2
	…

	Detector

	UE detection 
	
	
	

	
	Channel estimation
	
	
	

	
	Rx combining, if any
	
	
	

	
	Covariance matrix calculation, if any
	
	
	

	
	Demodulation weight computation, if any
	
	
	

	
	UE ordering, if any
	
	
	

	
	Demodulation, if any
	
	
	

	
	Soft information generation, if any
	
	
	

	
	Soft symbol reconstruction, if any
	
	
	

	
	Message passing, if any
	
	
	

	
	Others
	
	
	

	Decoder
	LDPC decoding
	
	
	

	Interference cancellation
	Symbol reconstruction(Including FFT operations for DFT-S-OFDM waveform), if any
	
	
	

	
	LLR to probability conversion, if any
	
	
	

	
	Interference cancellation
	
	
	

	
	LDPC encoding, if any
	
	
	

	
	Others
	
	
	


· The impact factor is to be estimated based on the analysis of computation, memory size, hardware and software implementation, etc. 
· If/How and which entries are to be combined/compared in order to get the total complexity estimate is FFS. 
· Companies may provide the impact factor
· The impact factor is for each cell 
· The rows in the above table are subject to potential re-finement, e.g., adding new row(s), merge some rows, etc.
· Note: the numbers may or may not be a function of UL waveform
· FFS whether or not to add row(s) for memory blocks


In this contribution, we describe the complexity of an IDMA MUD receiver. Furthermore, we discuss receiver processing complexity in terms of the number of usage and access to the core detection mechanism.
2. Discussion
2.1 Complexity of IDMA Receiver Processing
IDMA belongs to a family of NOMA schemes which operate at the chip level. It allows to multiplex multiple users on the same time-frequency resources. At its core, IDMA relies on user specific interleaver to distinguish the overlapping signals from multiple users and low-rate channel coding to recover the signal affected by multiple user interference. Simple low-complexity implementation, flexible architecture for adapting to required use cases and spectral efficiency, high overloading potential, and the possibility to operate in some asynchronous transmission scenarios are among advantages of IDMA.  
As demonstrated in Figure 1, in an IDMA receiver, the combined signal is jointly processed in a recursive manner through a two-step process of elementary signal estimator (ESE) and decoding [2]. 
[image: ]
Figure 1 - Simplified structure of an IDMA receiver
In the first step of detection process, the ESE function provides updates on a-priori log likelihood ratio (LLR) estimates required for the decoding based on the measurements performed on the received signal and the a-posteriori LLR estimate of previous decoding attempt, if available. Then, the receiver enters the second step by de-interleaving, and attempting to decode each user, yielding updated a-posteriori LLR estimates, 𝑒𝐷𝐸𝐶 (𝑥𝑘 (𝑗)), for the next round of ESE updates. The turbo-like cycle of updates is simultaneously iterated several times across the users to complete the detection process. Details of the receiver processing are summarized and captured in the Appendix. Based on the discussion and provided details in the Appendix, the following observations can be made;
Observation 1: In an ESE-based receiver, the complexity cost per information bit per user is independent from the number of users.
2.2 Systemic versus Implementation Comparison
[bookmark: _GoBack]Based on the provided details in the Appendix, Table 1 summarizes the overall complexity of an IDMA receiver. In estimating the complexity of a receiver, it is important to limit the scope of the complexity and latency analysis to the systemic operation of the receiver. In other words, implementation and processing latency of certain functions in a receiver depends on the available processing power of a given hardware such as: processing clock, memory size, availability of dedicated basic functions, etc. However, the systemic aspect of receiver processing of a given scheme remains unchanged regardless of the implementation choice. Therefore, the scope of the complexity analysis should 
	Table 1 – Summary of complexity estimation for IDMA

	Computational complexity
	Type
	Processing Complexity

	Detector algorithm
	ESE
	  Additions   Multiplications
K: number of users
L: Number of Rx antennas

	Decoder algorithm
	LDPC
	BP with flooding (50 iterations per block)

	Number of iterations
	Outer loop iterations
	

	Total complexity
	
	 (+  + )

	
	

	Memory requirements
	
	 Implementation dependent

	Processing Latency
	
	 Depends on processing clock



be constrained to estimating complexity of core detector block (ESE, EPA, etc.) and number of outer loops. As such, the complexity of the FEC decoding is not relevant as it is a basic NR function.  
In an iterative-based NOMA receiver, the number of iterations or the outer-loop cycles has a critical impact on the processing burden of the receiver. However, for a given effective spreading, the required number of iterations is a function of the number of users, i.e., interference load, and the operating SNR point of the receiver. Figure 2 shows variation of the number of iterations of an ESE-based IDMA receiver at different interference and SNR conditions. As it can be observed from the presented results in Figure 2, the processing load of a NOMA receiver is not fixed, and it varies according to the interference load, operating SNR as well as the utilized effective spreading. As such, in an implementation an early termination mechanism can be implemented to prevent unnecessary iterations once a user is decoded correctly.
Observation 2: The processing load of a NOMA receiver is not fixed, and it varies according to the interference load, operating SNR as well as the utilized effective spreading of a given scheme.
Proposal 1: The scope of the complexity analysis should be limited to estimating complexity of core detector block (ESE, EPA, etc.) and number of outer loops. 
Proposal 2: For complexity analysis, RAN1 considers variability of the processing load of iterative receivers that makes its complexity more comparable to the complexity of MU-MIMO receivers.
[image: ] [image: ]  
Figure 2 - Variation of the number of iterations versus interference load and SNR

3. Conclusions
In this contribution we have provided complexity analysis of an ESE-based IDMA receiver. Based on the presented discussion, following observation and proposals have been made,
Observation 1: In an ESE-based receiver, the complexity cost per information bit per user is independent from the number of users.
Observation 2: The processing load of a NOMA receiver is not fixed, and it varies according to the interference load, operating SNR as well as the utilized effective spreading of a given scheme.
Proposal 1: The scope of the complexity analysis should be limited to estimating complexity of core detector block (ESE, EPA, etc.) and number of outer loops. 
Proposal 2: For complexity analysis, RAN1 considers variability of the processing load of iterative receivers that makes its complexity more comparable to the complexity of MU-MIMO receivers.
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Appendix
IDMA MUD Detection Steps 
Algorithm: IDMA multi-user detection 
Step (1): Initialization 
Evaluate ,, and  assuming no prior knowledge about transmitted information bits, i.e.,   
………… (1)
………… (2)
………… (3)
………… (4)
Step (2): Iteration: for  do
Step (2.1) Estimate mean and the variance of inference
  ………… (5)
  ………… (6)
  ………… (7)
………… (8)
………… (9)
………… (10)
            ………… (11)
………… (12)

………… (13)
………… (14)
	Step (2.2): Calculate ESE LLRs 
  ………… (15)
………… (16)
	Step (2.3): LLR combining 
………… (17)
………… (18)
	Step (2.4): Calculate , and  
Step (2.5): Update ,, and  using (1) – (3)
end 

IDMA MUD Complexity Analysis
Table 1 summarize the number of operations to be performed for each operation in the algorithm.  
Table 1: IDMA MUD complexity
	Eq. #
	Step shared by all UEs
	Additions per chip
	Multiplications per chip
	Divisions per chip
	Exponentials
per chip

	1
	No
	
	
	
	

	2
	No
	
	
	
	

	3
	No
	
	
	
	

	4
	No
	
	
	
	

	5
	Yes
	
	
	
	

	6
	yes
	
	
	
	

	7
	No
	
	
	
	

	8
	yes
	2
	
	
	

	9
	Yes
	2
	
	
	

	10
	yes
	
	
	
	

	11
	No
	3
	
	
	

	12
	No
	
	
	
	

	13
	Yes
	
	
	
	

	14
	No
	3
	
	
	

	15
	No
	
	
	
	

	16
	No
	
	
	
	

	17
	No
	
	
	
	

	18
	No
	
	
	
	

	Total
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