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[bookmark: _Ref129681832]1   	Background
A NOMA receiver basically consists of a multi-user detector and the potential iterations between the multi-user detector and the channel decoder, known as iterative receiver. In RAN1#94, it is agreed to break a NOMA receiver into more detailed components to estimate the computational complexity [1]. In RAN1#94bis, it is further agreed some order-wise complexity analysis table for some NOMA receiver together with some example values of system parameters to derive numerical examples [2].
In this contribution, we further analyze the complexity of the MMSE-based hard IC Receiver, with emphasis on the components that have multiple options to describe its complexity. 

2	Overview of MMSE-based Hard IC Receiver
As one of the agreed algorithms for NOMA receiver, the MMSE-based Hard IC improves the MMSE-IRC by adding signal reconstruction module and IC module (which are marked in color in Figure 1). With the aid of SINR sorting, the IC process can be accelerated, and the performance can be further improved by taking advantage of the near-far effect. 


Figure 1: Illustration of MMSE-SIC with hard IC

3 	Complexity of MMSE-based Hard IC Receiver
In this section we analyze the complexity of an MMSE-based hard IC receiver. Some agreement of the complexity for MMSE-hard SIC has been made in Table 8-1 of [3], but many components still have multiple options to be further analyzed. In this section, we give our analysis on the components that have multiple options to choose from, i.e., Covariance matrix calculation, Demodulation weight computation, and UE ordering based on SINR sorting. 
We use the same notations adopted in [3]:
--------the number of the users.
--------the number of the receiver antenna.
--------spreading factor.
------the total number of data REs.
-------the number of adjacent REs to which the same demodulation weights are applied
-------the average number of demodulation and IC attempts for MMSE-hard IC.
---the number of adjacent REs to which the same SINR is assumed
3.1 	Covariance matrix calculation
The covariance matrix  has the dimension of, and it can be calculated using, where  is the channel matrix for  users. Note that if multi-branch per user is applied, then the dimension of the covariance matrix  should be . The dimension of the covariance matrix is usually limited to  in overloading cases, since the number of users sharing the same REs for data is typically larger than the dimension provided by the spreading and the spatial discrimination with multiple antennas, i.e.,. In addition, as the covariance matrix is conjugate symmetric, the number of complex multiplication is roughly  per user when calculating the covariance matrix. In practice, a PRB can be divided into several REs groups, where in each RE group the covariance matrix is assumed to be the same. Therefore, the complexity for the covariance matrix calculation over the entire shared resources for data should be divided by the number of data REs in RE group, denoted by.  
Thus we have the complexity for covariance matrix calculation in number of complex multiplication to be
.
Observation 1: The complexity of covariance matrix calculation in number of complex multiplication is

Proposal 1: The option 1 in Table 8-1 of [3] should be chosen for covariance matrix calculation. 
3.2 	Demodulation weight computation 
For demodulation weight, it can be calculated using. Recall that  complex multiplications are required to get the covariance matrix inversion, where  is the dimension of, thus the covariance matrix inversion would take roughly  complex multiplications. In general, the covariance matrix inversion should be calculated per each IC iteration, but in the case of hard IC, Sherman-Morrison formula was proposed [4] to reduce the number of cubic order calculations by a pile of 2nd order calculations with multiplication between vector and matrix that would take approximately  complex multiplications per user per IC round.

For now, the overall complex multiplications required is, which gives the option 1 in Table 8-1 of [3]. 
However, option 1 does not count the demodulation weights calculations in order to do the SINR sorting, which needs to be applied for all the remaining users in that round, by adding up each round, it gives rise to roughly  complex multiplications. Thus, the total number of complex multiplication is 

This then matches with option 3 in Table 8-1 of [6].
Observation 2: The complexity of demodulation weight computation in number of complex multiplication is


Proposal 2: The option 3 in Table 8-1 of [3] should be chosen for demodulation weight computation. 
3.3	UE ordering based on SINR sorting
The complexity mainly comes from SINR calculation and sorting operation.
For the first part, SINR can be computed with, which involves  complex multiplications. This value is supposed to be calculated for every user at each PRB. Moreover, this value needs to be updated whenever a user is successfully decoded. On this basis, the overall complexity for SINR calculation would roughly be, this is the option 1 in Table 8-1 of [3].
In addition, the sorting procedure begins once a user is decoded. And there are  users, with each sorting procedure taking at least  comparisons, thus leading to an overall UE ordering complexity as, which is equivalent to the option 2 in Table 8-1 of [3]. However, if the computational complexity is in the unit of complex multiplication, some denominator is needed to translate comparison to complex multiplication, e.g., 25 as suggested in [4].
Observation 3: The overall complexity of UE ordering based on SINR sorting in number of complex multiplication is

Proposal 3: The option 2 in Table 8-1 of [3] should be chosen for UE ordering with some modification in the denominator.

4	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have the following observations and proposals on MMSE-SIC with hard IC:
Observation 1: The complexity of covariance matrix calculation in number of complex multiplication is

Observation 2: The complexity of demodulation weight computation in number of complex multiplication is

Observation 3: The overall complexity of UE ordering based on SINR sorting in number of complex multiplication is

Proposal 1: The option 1 in Table 8-1 of [3] should be chosen for covariance matrix calculation. 
Proposal 2: The option 3 in Table 8-1 of [3] should be chosen for demodulation weight computation. 
Proposal 3: The option 2 in Table 8-1 of [3] should be chosen for UE ordering with some modification in the denominator.
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