[bookmark: OLE_LINK3][bookmark: _Toc13131566]3GPP TSG-RAN WG4 Meeting RAN4#102-e     				R4-2206116 Online							
February 21st – March 3rd

Agenda Item:	11.1.2.2
Source:	Lenovo
Title:	MIMO EVM Measurement for FR2
Document for:  Approval

1. Introduction
[bookmark: _Hlk95676787]In the technical report [1], the pseudo-inverse is used to define and measure the EVM for two-layer transmissions with FR2. Similarly, it has been proposed in [2,3] that the pseudo-inverse be used to define and measure EVM for FR1.
[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 channel inverse should be used to define and measure EVM for uplink MIMO in FR2.

A text proposal for Section 5.2.3.1.1.2 of TR 38.884-120 replacing the pseudo-inverse with the inverse in the definition of EVM for Method 1 MIMO equalization is provided in the Appendix.
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 two proposals:
[bookmark: _Hlk85751489]Proposal 1:  	For two-layer uplink MIMO in FR2, define the zero-forcing receiver as the inverse of the effective channel matrix so that

A text proposal for Section 5.2.3.1.1.2 of TR38.884-120 implementing Proposal 1 for Method 1 MIMO equalization is given in the Appendix below.
Proposal 2:	Agree to the text proposal for Section 5.2.3.1.1.2 of TR38.884-120 in the Appendix.
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, the following two proposals are made:
Proposal 1:  	For two-layer uplink MIMO in FR2, define the zero-forcing receiver as the inverse of the effective channel matrix so that

Proposal 2:	Agree to the text proposal for Section 5.2.3.1.1.2 of TR38.884-130 in the Appendix.
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[bookmark: _Hlk92721425]Appendix:  Text Proposal for TR 38.884-130
[bookmark: _Toc88117891]< start of changes >
[bookmark: _Hlk92722437][bookmark: _Toc88117890]5.2.3.1.1.2	Method 1 MIMO Equalization
The MIMO equalization is based only on reference signals (DMRS) without using any data symbols. In order to obtain comparable EVM results independent of the number of DMRS symbols per slot, only the first DMRS symbol in each slot is used. 
Estimation of effective 2x2 channel matrix is a well known procedure if reference signals use different subcarriers, e.g. in case of DMRS antenna ports 0 and 2. In case that same subcarriers are used, e.g. DMRS antenna ports 0 and 1, a channel decomposition is necessary taking advantage of the orthogonal codes wf and wt and assuming identical channel coefficients for adjacent subcarriers of same CDM group.
Effective channel including the precoding matrix P is:

with

where y denotes the received symbol on port index n and r the reference signal for layer index ν.
Since reference signals of a specific layer are transmitted only on subcarriers of one CDM group channel, interpolation is needed in order to obtain channel coefficients for all subcarriers. Channel interpolation is done using the channel coefficients of active CDM group in all other CDM groups.
The channel coefficients used to calculate the equalizer coefficients are obtained after channel smoothing in frequency domain by computing the moving average of interpolated channel coefficients. The moving average window size is 7. For subcarriers at or near the edge of allocation the window size is reduced accordingly.
The ZF equalizer coefficients are calculated as pseudo the inverse of the effective channel matrix, in general:

5.2.3.1.1.3	Method 1 Maximum Ratio Combining
< end of changes >

