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Introduction
Over the past several months RAN1 has been defining various methods to configure UEs with multiple TX ports for both single and multi-antenna transmission. The main goal of this work has been to boost the overall UE transmit power.  This paper presents the agreements reached thus far in RAN1.
Discussion
Need for enabling full power UL transmission
In Rel-15 of TS38.211, table 6.3.1.5-1 gives the TPMI matrix for single-layer transmission for UEs with two antenna connectors:
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Table 1 – Precoding matrix for single-layer transmission using 2 antenna ports
In release 15 non-coherent or partially/non-coherent UEs are restricted to using only TPMI indices 0 and 1 highlighted in the above table. The remaining indices can only be used by coherent UEs. Power scaling rules outlined in section 7.1 of TS38.213 requires that the UL transmit power be scaled by the ratio of the non-zero PUSCH ports to the total configured ports. Therefore, for TPMI indices 0 and 1 the power scaling factor is 0.5 meaning that the UL power is backed-off by 3dB of the total transmit power per TX chain. Therefore, a TX chain having a maximum output power of 23dBm can never transmit at full power and is limited to a maximum power of 20dBm with these TPMI configurations. Also, the transmission will be from one of the two antenna connectors at any given time. As we do not know which antenna connector is transmitting the test equipment measuring transmit power would have to take measurements on each antenna connector.  
Observation1: In Rel-15 a UE transmitting a single layer over 2 antenna connectors can only transmit a maximum of full power -3dB on any one connector at a time. 

Methods for enabling full power UL transmission
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 TPMI 2 from table1 is introduced for single layer transmission over two antenna ports. Recall that full power UL transmission is not achievable with either TPMI 0 or 1. 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 Rel-15 the maximum observed power summed across both antennae is full power -3dB, while for Rel-16 full power should be observed. 
Observation2: In Rel-16 Mode 1 enables full power transmission of a single layer by allowing the use of TPMI 2 precoder setting which enables simultaneous transmission over 2 antenna connectors
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 the Rel-15 scaling rules apply so the maximum power that can be transmit at any one time is full power -3dB on each antenna. All the features of mode 2 have not been finalized yet and discussions on this topic are ongoing in RAN1.
Observation3: In Rel-16 Mode2 enables full power transmission of a single layer by allowing simultaneous transmission over multiple antennas.
The Rel-15 and Rel-16 modes are summarized in the table below for a single layer 2 antenna UE.
	Release
	TPMI
	Transmit antenna
	Maximum power

	15
	
	
	

	
	
	Antenna 0
	Full power -3dB

	
	
	Antenna 1
	Full power -3dB

	16 -mode 1
	
	
	

	
	
	Antenna 0
	Full power -3dB

	
	
	Antenna 1
	Full power -3dB

	
	
	Antenna 0 and 1
	Full power

	16 -mode 2
	
	
	

	2 ports
	
	Antenna 0
	Full power -3dB

	
	
	Antenna 1
	Full power -3dB

	1 port
	
	Antenna 0 and 1
	Full power




















  Table 2 – Rel-15 and Rel-16 behavior for a single layer 2 antenna UE

Multi-antenna systems have several performance metrics like output power, EVM, ACLR, spurious emissions which must be measured individually at each connector either sequentially or preferably simultaneously. Currently, the issues associated with making such measurements are being worked out in RAN4 [2].
Proposal: Need to enable the test equipment to perform measurements on multiple antenna in order to fully characterize multi-antenna UEs.
The benefit in defining modes 1 and 2 in rel-16 is that they enable full power transmission of a single layer which was not possible with the power scaling feature defined in Rel-15.  Also, the ability to combine the power of 2 PAs enables the use of lower power PAs to achieve higher UE output powers. For example, the power of 2 PAs, each transmitting 26dBm, can be combined to give a total output power of 29dBm which may not be practically achievable with a single PA.
Conclusion
The power scaling factor introduced in Rel-15 prevents full power transmission for non-coherent and partial/non-coherent UEs transmitting a single layer on multiple antenna ports. 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. The following observations are made:
Observation1: In Rel-15 a UE transmitting a single layer over 2 antenna connectors can only transmit a maximum power of full power -3dB on any one connector at a time.
Observation2: In Rel-16 Mode1 enables full power transmission of a single layer over multiple antenna ports by allowing the use of a TPMI 2 precoder setting which enables simultaneous transmission over 2 antenna connectors
Observation3: In Rel-16 Mode2 enables full power transmission of a single layer by allowing simultaneous transmission over multiple antennas.  
Proposal: Need to enable the test equipment to perform measurements on multiple antenna in order to fully characterize multi-antenna UEs.
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