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1. Introduction
A new work item on furthers RF requirements enhancement for NR frequency range 1 was agreed in [1] and includes the following objectives:
Specify the UE RF requirements to support 4Tx
· First priority: 4x4 UL MIMO
· Second priority: investigate and if necessary specify TxD requirement to support the same power class in UL MIMO and single antenna port 
In [2] RAN4#104bis-e, it was agreed that TxD requirements shall be considered in phase 1 to support PC1.5 UE delivering the max output power
This contribution is a resubmission of [3,4] which considers how the EVM requirements for 2Tx can be directly extended to 4Tx.
2. EVM for Transmit Diversity 4Tx 
For transmit diversity with 2Tx, the EVM has been defined in Appendix F.8 of TS 38.101-1 [5] as the following:
[bookmark: OLE_LINK10]For UE with dual transmission antennas, if UE indicates IE [txDiversity-r16], EVM is measured at each antenna connector to get EVM1 and EVM2, and the total EVM is calculated by values of EVM1 and EVM2 with weighting factor of linear power at each antenna connector.

where P1 and P2 denote the linear power measured at each antenna connector respectively.
The EVM for 2Tx transmit diversity was derived with the assumption of two receive antennas, a zero-forcing receiver, and worst-case correlation of the transmitter noise.  The assumption of worst-case transmitter noise was used for two reasons:
i) The test equipment may not measure the covariance of the transmitter noise at the antenna connectors;
ii) The transmitter noise covariance measured at the antenna connectors may not reflect the transmitter noise covariance at the antennas due to coupling which occurs at the antennas but which is not seen at the antenna connectors.
In the Appendix, the EVM is derived for transmit diversity with an arbitrary number of antennas N using the same assumptions that were used to derive EVM for 2Tx transmit diversity with the following result:

Based on this result, we have the following proposal for EVM for transmit diversity with 4Tx.
Proposal:  For 4Tx transmit diversity, define EVM as 

where  is the EVM measured at the i-th antenna connector and  is the power measured at the i-th antenna connector.
3. Summary

In this contribution, the EVM is derived for transmit diversity with an arbitrary number of antennas N using the same assumptions that were used to derive EVM for 2Tx transmit diversity.
Proposal:  For 4Tx transmit diversity, define EVM as 

where  is the EVM measured at the i-th antenna connector and  is the power measured at the i-th antenna connector.
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Appendix: EVM for Transmit Diversity with an Arbitrary Number of Antennas
For transmit diversity with N antennas, a single Nx1 precoding vector  with unit norm is used to transmit the data. If the number of receive antennas is equal to the number of transmit antennas, then the received signal is given by

where x is the data symbol, the Nx1 vector  is the transmitter noise, and  is the NxN channel matrix.
If the channel matrix  has full rank, the data can be estimated as




where v is the noise at the output of the receive due to the transmitter noise.
From the definition of EVM for a single antenna connector, the weighting  is removed before the transmitter noise is measured.  Thus, the transmitter noise measured by the test equipment for the purpose of calculating EVM is given by 

where  is defined here as the diagonal matrix with diagonal values equal to the elements of  so that

The variance of the transmitter noise is given by
 ,
where

and . Thus, in order to evaluate , the covariance of the transmitter noise  must be measured by the test equipment.  However, the transmitter noise covariance measured at the antenna connectors may not reflect the transmitter noise covariance at the antennas due to coupling which occurs at the antennas, but which is not seen at the antenna connectors.  As a result, we evaluate the EVM at the output of the receiver using the worst-case correlation of the transmitter noise.
Expanding and using the fact that , this gives




Let  and note that , so that




The EVM at the output of the zero-forcing receiver is

while the EVM measured at the i-th antenna is given by

Using the above analysis with worst-case correlation of the transmitter noise, we have



Let  denote the power measured on the i-th antenna and let the total power P be defined as   Since the power transmitted on the i-th antenna is given by

and since , it follows that the total power P is given by

From this, it follows that


In summary, for a zero-forcing receiver with worst case correlation of the transmitter noise, an upper bound on the EVM can be expressed as

