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1. Introduction
[bookmark: _Hlk95676787]It has been proposed in [1,2] that the pseudo-inverse be used to define and measure EVM for two-layer uplink MIMO in FR1.  This proposal is based on the contents of TR 38.884 [3] in which the pseudo-inverse is used to define and measure the EVM for two-layer uplink MIMO in FR2.
[bookmark: _Hlk95675330]In [4,5], some issues were identified with the use of the pseudo-inverse and these issues are also addressed briefly in this contribution.  The main issues are the following:
i) The expression used for the pseudo-inverse of a square matrix is not the pseudo-inverse and is undefined if the effective channel does not have full rank;

ii) The pseudo-inverse is not needed because if the effective channel does not have full rank, the layers cannot be separated and EVM is failed.  If the channel has full rank, the channel inverse should be used.

Based on the above, it is proposed that the effective channel inverse be used to define and measure EVM for two-layer uplink MIMO in FR1.
2. EVM for Two-Layer Transmission
In Section 5.2.3.1.1.2 of TR 38.884-120 on “Method 1 MIMO Equalization,” there is the following text:
“The ZF equalizer coefficients are calculated as pseudo inverse of effective channel matrix, in general:

where the effective channel matrix is given by

and  is the precoding matrix.  This text indicates that the pseudo-inverse of the 2x2 matrix  is given by

However, this is not correct.  If this were in fact the pseudo-inverse, then it would be defined for the case that the matrix  is rank 1.  Consider the following example of a rank 1 matrix:

In this case,

Since the determinant of 

is 0, its inverse does not exist, and thus

does not exist and is not the pseudo-inverse.  
From [4], the actual pseudo-inverse  of a square matrix is given by

where the singular value decomposition of the matrix is given by

and  is derived from  by taking the inverse of the non-zero diagonal elements and leaving the zero elements in place. For this example, the singular value decomposition of  is given by

and 


Observation 1:  The expression  is not the pseudo-inverse of a square matrix.
If the effective channel matrix  does not have full rank, then no matrix  exists such that

where  is the identity matrix. As a result, it will not be possible to separate the MIMO layers and EVM will be failed.
Observation 2:	Since the MIMO layers cannot be separated if the matrix  does not have full rank, there is no need for the pseudo-inverse.
If the effective channel matrix   does have full rank, then the zero-forcing receiver is given by , since

If  has full rank, it can be noted that

so that the two expressions are equivalent.  However, the expression  requires two more matrix multiplications than the simple inverse , and these two additional matrix multiplications are of no benefit and may result in a loss of accuracy.
Observation 3:	The zero-forcing receiver should be defined using the simple  rather than using the expression  which is not the pseudo-inverse and requires two additional matrix multiplications.
Based on the above observations, we have the following proposal:
[bookmark: _Hlk85751489]Proposal 1:  	For two-layer uplink MIMO in FR1, define the zero-forcing receiver as the inverse of the effective channel matrix so that

3. Summary
In Section 5.2.3.1.1.2 of TR 38.884-120 on “Method 1 MIMO Equalization,” there is the following text:
“The ZF equalizer coefficients are calculated as pseudo inverse of effective channel matrix, in general:

In this contribution, the following observations have been made:
Observation 1:  The expression  is not the pseudo-inverse of a square matrix.
Observation 2:	Since the MIMO layers cannot be separated if the matrix  does not have full rank, there is no need for the pseudo-inverse.
Observation 3:	The zero-forcing receiver should be defined using the simple  rather than using the expression  which is not the pseudo-inverse and requires two additional matrix multiplications.
Based on these observations, we have the following proposal:
Proposal 1:  	For two-layer uplink MIMO in FR1, define the zero-forcing receiver as the inverse of the effective channel matrix so that
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