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Introduction
Over the past several meetings RAN4 has been discussing various methods to configure and test UEs with multiple TX ports for both single and multi-antenna transmission. In RAN4 #93 a way forward was agreed [1] to enable testing of the full power transmit modes defined by RAN1.  This paper discusses the testing that is required for each mode.
Discussion
Methods for enabling full power UL transmission
Recall that as UEs can have multiple TX chains, each having different maximum output powers, RAN1 decided to define non-coherent and partial/non-coherent UEs as having 1 of 3 possible capabilities as listed below: 
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability. 
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability.

In RAN1#97 [1] it was further agreed that for non-coherent and partial/non-coherent devices having capabilities 2 or 3 the UE can have one of 2 optional modes of operation referred to as mode 1 and mode 2 which are declared as UE capabilities. In mode 1 full power transmission can be achieved in the following manner:
Mode1:
· For 2TX rank1 TPMI 2 (i.e. ) can be used
· For 2TX rank 2 TPMI 0 (i.e.    ) can be used

A Rel-16 UE having capability 2 or 3 and transmitting a single layer over two antenna ports can use TPMI 2 precoder setting   to achieve full power by transmitting on two chains simultaneously. A UE in this mode can be tested by summing the power on both antenna connectors. For mode1, rank 2 TPMI0 is the identity matrix already specified for 2-layer transmission in UL MIMO mode. 
Proposal 1 : In mode 1, for rank 1 operation UE full power capability should be verified using TPMI 2 configuration. 
Mode 2:
· TPMI’s are divided into those that support full power and those that do not 
· Power scaling factor =1 for TPMI precoders that support full power
· For the TPMI precoders that do not support full power the power scaling factor is determined by the number of non-zero PUSCH ports divided by the # of SRS ports
· One port operation where a single layer is transmitted simultaneously over multiple antennas is also possible in mode2  
Recall that in mode2 the UE can be configured for transmission over 1 or 2 ports. In a 2 antenna UE full power transmission is possible by mapping 1 logical port to both antennae. In this mode of operation, the sum of the power over the 2 antenna connectors should equal full power. In the 2-port configuration each port is mapped to a single antenna and depending on whether a PA can or cannot deliver full power the appropriate power scaling rules described above are applied. 
Proposal 2: In mode 2 in 2 port configuration the ability to obtain full TX power should be verified with the full power TPMIs
Proposal 3: In mode 2 in 1 port configuration the TX full power transmission of a single layer simultaneously by a the UE over 2 antenna should be verified

Recall that in single antenna operation spurious emissions must be verified to meet the standards specification at all output powers. It holds to reason that multi-antenna UEs must also meet these same specifications. Measurements must be made individually at each antenna connector either sequentially or preferably simultaneously.  The outputs at each antenna shall be summed across frequency and verified to meet emissions specification as stipulated by the standard.  

Proposal 4: The individual outputs of all transmitting antennas shall be summed across frequency and compliance to the SEM specifications should be verified. 
Conclusion
To achieve full power transmission Rel-16 has introduced 2 new optional modes of operation unknown as mode 1 and mode 2. Both modes enable the transmission of full power from multiple antennae. Verification of these modes should encompass not only output power but also include other metrics such as EVM, ACLR and spurious emissions. he following proposals are made:
Proposal 1 : In mode 1, for rank 1 operation UE full power capability should be verified using TPMI 2 configuration. 
Proposal 2: In mode 2 in 2 port configuration the ability to obtain full TX power should be verified with the  full power TPMIs
Proposal 3 : In mode 2 in 1 port configuration the full power transmission of a single layer simultaneously by a the UE over 2 antenna should be verified
Proposal 4: The individual outputs of all transmitting antennas shall be summed across frequency and compliance to the SEM specifications should be verified. 
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