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1. Introduction
[bookmark: _Hlk71643259]In RAN4#98-e-bis, the following EVM definition was agreed for transmit diversity

with the understanding that the pseudo-inverse proposed in [1] could be further considered. The use of the pseudo-inverse was again proposed in [2].  It can be noted that the pseudo-inverse was considered initially in [3].  In this contribution, we discuss several issues of concern with using the pseudo-inverse to define and measure transmit diversity.  These concerns have also been discussed previously in [4].
2. Concerns with the Pseudo-Inverse
Issue 1: Channel Dependence
The first issue with using the pseudo-inverse for transmit diversity is that the resulting EVM will be channel dependent.  As mentioned in several previous contributions [5-7], the EVM definition should be independent of the channel between the transmitter and receiver so that the EVM can always be achieved regardless of the channel between the transmitter and a noiseless receiver. 
From [3], the signal received at a noiseless gNB receiver is given by
,
where  is the rank-1 precoding vector, x is the data symbol, and  is the transmitter noise at the two antenna connectors. Because H w has dimension 2x1, its inverse is not uniquely defined. If the gNB receiver applies the pseudo inverse receiver given by

then the estimate of the received symbol is given by


where v is the noise at the output of the receiver. 
The noise  can be expressed as

where n denotes the noise vector at the output of the transmitter.  From Figure 1 below, it can be observed that the noise vector measured by the test equipment is given by
[bookmark: _Hlk71225306]
where

With this, the noise  at the output of the receiver can also be expressed as

where


[image: ]

Figure 1: EVM Measurement
If the pseudo-inverse receiver is used to define EVM for transparent transmit diversity, then the EVM is given by 



where

and


From this expression, it should be apparent that this EVM definition depends on the channel  between the transmitter and the receiver, and thus is not channel independent.  To demonstrate this fact, we consider a few examples.

Example 1:  The channel H and the precoder  are given by

From this, we have

and thus

If  and , then

and the EVM measured at the output of the pseudo-inverse receiver is 5 times greater than the EVM at the first and second antenna connectors.
Example 2:  For the second example, the channel H and the precoder  are given by

From this, we have

and thus

If  and , then

So, by changing 0.7 to -0.7 in H, the EVM is reduced from  to 0.7274 .
Example 3:  For the third example, the channel H and the precoder  are given by

From this, we have

and thus

If  and , then

As can be seen from the examples above, the EVM definition is highly dependent on the channel between the transmitter and the receiver. In the examples above, the EVM varies by a factor of 7.07 (=5/.707) from the largest to the smallest.  Though for conducted measurements, the channel H will always be approximately 

or alternatively

it is our view that the EVM definition should not depend on the channel between the transmitter and the receiver.
Observation 1:  If the pseudo-inverse is used to define and measure EVM, the resulting EVM definition  
will depend on the channel between the transmitter and receiver.

Issue 2: Correlated Transmitter Noise

As can be seen from Example 3, a second issue with the use of the pseudo-inverse is that it may yield an EVM which is significantly less than  and .  For a conductive test, the transmitter noise is likely to be uncorrelated so that  and

Additionally, for a conductive test, the test channel is approximately given by


or alternatively, by

With,  and either of these two test channels, the EVM is given by


If , then as in Example 3 above

as in Example 3 above, where  denotes the EVM with uncorrelated noise.
When the UE is transmitting through its antennas, the transmitter noise is likely to be highly correlated due to antenna coupling and reverse intermodulation.  If we consider the worst case in which  and the channel H is the same as above, we have

                                                                        
If , then

where  denotes the EVM with correlated noise. It can be noted that  with worst case correlation of the transmitter noise is 1.4 times greater than  with uncorrelated transmitter noise.
Observation 2:  With worst-case correlation of the transmitter noise, the EVM measured using the 
pseudo-inverse may underestimate the EVM by a factor as large as 1.4.
3. Transmit Diversity EVM Agreement from RAN4#98-e-bis
[bookmark: _Hlk71643068]In RAN4#98-e-bis, the following EVM definition was agreed for transmit diversity

with the understanding that the pseudo-inverse proposal in [1] could be further considered.  A few observations can be made with respect to this agreed definition.
Observation 3:  The EVM definition agreed in RAN4#98-e-bis does not depend on the channel between 
the transmitter and receiver.
As derived in [5,6], the EVM definition assumes that the channel is inverted so that the channel has no impact on the EVM definition so long as the channel H is invertible.
Observation 4:  The EVM definition agreed in RAN4 #98-e-bis assumes the worst-case correlation of 
the transmitter noise.  Thus, the definition will not underestimate the EVM even though 
it is based on conductive measurements.
The agreed EVM definition from RAN4#98-e-bis does not depend on the correlation of the transmitter noise because it assumes the maximum correlation with the worst-case phase. If we consider the case above in which , then , so that

In the case that , we have

Note that this EVM value matches the EVM for the pseudo-inverse with , H given by

and worst-case correlation of the transmitter noise.
4. Summary
In RAN4#98-e-bis, the following EVM definition was agreed for transmit diversity

with the understanding that the pseudo-inverse proposed in [1] could be further considered. In this contribution, we have the following observations with respect to the pseudo-inverse proposal and the as well as the EVM definition agreed in RAN4#98-e-bis.

Observation 1:  If the pseudo-inverse is used to define and measure EVM, the resulting EVM definition  
will depend on the channel between the transmitter and receiver.
Observation 2:  With worst-case correlation of the transmitter noise, the EVM measured using the 
pseudo-inverse may underestimate the EVM by a factor as large as 1.4.
Observation 3:  The EVM definition agreed in RAN4#98-e-bis does not depend on the channel between 
the transmitter and receiver.
Observation 4:  The EVM definition agreed in RAN4 #98-e-bis assumes the maximum possible
correlation of the transmitter noise with worst-case phase.  Thus, the definition will not 
underestimate the EVM even though it is based on conductive measurements.
Because defining EVM using the pseudo-inverse will yield an EVM definition which is fundamentally depends on the propagation channel, and because the pseudo-inverse does not address the correlation of the transmitter noise that may not be present in conductive measurements but will be present when the UE transmits through its antennas, we have the following proposal.
Proposal:  Keep the existing agreement in which the EVM for transparent transmit diversity is defined as

where EVM1 and EVM2 denote the EVM measured at the first and second antenna connectors and P1 and P2 denote the power measured at the first and second antenna connectors.
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