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Introduction
In previous meetings it was discussed that UL transmit diversity should be implemented such that it is transparent to the gNB [1,2]. In its most general form antenna virtualization (AV) manipulates transmit data layers and creates several modified layers each of which is transmitted over different antenna. These extra data paths provide additional TX diversity to the original signal. An additional benefit of AV is that it enables the creation of higher UE output powers using several lower power signals. For example, AV can create 2 data paths from a single layer, each of which can be input to a PC3 PA. The sum of the powers of each antenna port, enables the UE to achieve PC2 output power.  AV can be enabled in UL-MIMO capable UEs [3,4] and in UEs that only support basic transmission mode. In case of basic transmission mode, RAN4 needs to decide how to test these kinds of UEs.  As this mode of operation requires the simultaneous transmission of RF signals from multiple antennas several RF measurements associated with this scheme require further discussion and agreement in the 3GPP standard. The issue of how to ensure that the diversity schemes such as CDD do not interfere with the RF test results needs to be resolved. Though UL TX diversity is transparent to the gNB the methods for measuring the performance of the UE when operating in this mode must be clarified in the standard.  
Discussion
One method of realizing antenna virtualization from a single data stream is illustrated in Figure 1 for a 2-antenna system. The precoded data is mapped to 2 physical antennae SV1 and SV2 with each antenna port driven by, for example a, PC3 PA.  For an UL-MIMO capable UE configured for single layer transmission, the precoding matrix specified by the gNB is either      or    . For non-MIMO single port operation, the precoding matrix can be thought of as being [1]. As the AV mapping is performed by the UE, it is transparent to the gNB which is unaware of the number of antennas used at the UE. By transmitting simultaneously on 2 antenna AV enables the UE to achieve greater throughput in multipath channels due to better TX diversity and higher UE output by combining the power of the individual antenna ports. AV is seen as way of achieving more output power without the need for higher power PA’s by transmitting with multiple instances of lower power PA’s. In the illustrated system the simultaneous transmission of data on 2 PC3 PA’s leads to a combined PC2 output power from the UE.
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Figure 1 – Antenna virtualization scheme for 1-layer system

For a 1-layer transmit port, S1, the AV scheme can be described by the following generalized matrix 
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The simultaneous transmission of RF signals from 2 antennas raises certain specification issues which need to be clarified in order to fully specify this mode in the 3GPP standard. Though this mode is transparent to the gNB the methods for measuring the performance of the UE when operating in this mode must be specified in the standard.
The issues for consideration are as follows:
· Measurement of output power: In FR1 the output power can be considered in the conducted domain alone. As the mapping of data to 2 antenna leads to the simultaneous transmission of 2 signals the total transmit power should be the sum of the individual powers at each antenna.

Proposal 1: The total output power shall be the sum of the powers of the individual antenna ports

· Measurement of EVM: Since the mapping of a stream to 2 physical antenna introduces a linear phase shift in frequency across and/or an amplitude scaling at either port the EVM performance of the 2 antenna ports taken individually should be alike. 
Proposal 2: For 1-layer operation the EVM shall be measured on a per antenna basis. 

· Measurement of SEM: As both antennae are transmitting the same spectrum the emissions of both contribute to the total emissions generated by the UE.
Proposal 3: The individual powers at the 2 antennas shall be summed as a function of frequency and compared with the SEM mask. 

· Measurement of ACLR: The ACLR specification is dependent on the total transmit power class of the UE.
Proposal 4: Each antenna port shall meet the ACLR requirement corresponding to the power class of the UE calculated from the sum of the powers of the individual antenna.  In other words, for a UE delivering PC2 by combining two PC3 chains, each individual antenna port shall meet 31 dB ACLR.

· MPR and A-MPR: The MPR and A-MPR is defined for the device, ambivalent to whether transmission is from a single antenna or 2 antenna ports
Proposal 5: The MPR and AMPR values that shall apply at each antenna port are those corresponding to the power class of the UE calculated from the sum of the powers of the individual antenna.  In other words, for a UE delivering PC2 by combining two PC3 chains, each antenna port shall be individually afforded the PC2 MPR/A-MPR.
The ACLR, MPR and A-MPR requirements may impose extra design requirements and current consumption on the individual PAs in each port as they now have to meet the performance specifications of a higher power class.
 
Conclusion
In AV operation the creation of 2 simultaneous RF transmit outputs from a single stream necessitates the modification of the traditional single antenna measurement methods for certain RF specifications. Five proposals have been outlined in section 2 that present these modified measurement methods. 
Following are the proposals made
Proposal 1: The total output power shall be the sum of the powers of the individual antenna ports
Proposal 2: For 1-layer operation the EVM shall be measured on a per antenna basis. 
Proposal 3: The individual powers at the 2 antennas shall be summed as a function of frequency and compared with the SEM mask. 
Proposal 4: Each antenna port shall meet the ACLR requirement corresponding to the power class of the UE calculated from the sum of the powers of the individual antenna.  In other words, for a UE delivering PC2 by combining two PC3 chains, each individual antenna port shall meet 31 dB ACLR.
Proposal 5: The MPR and AMPR values that shall apply at each antenna port are those corresponding to the power class of the UE calculated from the sum of the powers of the individual antenna.  In other words, for a UE delivering PC2 by combining two PC3 chains, each antenna port shall be individually afforded the PC2 MPR/A-MPR.
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