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Introduction
eMIMO was discussed extensively in last meeting [1-4].  How to define RF requirements and how to configure the test were discussed but left no any agreements on them. A WF on full power transmission for eMIMO [5] was agreed. It encourage the companies to study how to do test configuration to verify Tx full power transmissions on single layer transmission.
Discussion 
A WF [5] on full power transmission for eMIMO was agreed. 
· Focus on Single layer transmission with two and/or one logical antenna ports configuration
· Consider test configurations for measurements.
· For Mode 1, Consider verification of the feature including test configurations, at least including rank=1 TPMI=2, i.e. [image: ]
· For Mode 2, consider following verification points:
· [Rank1, 2 ports, TPMI 0/1 to achieve full power.]
· (Note: New feature for capability 3 UE for 2 port transmission. However  can be circumvent by single port transmission as in Rel-15)
· Further test point are not precluded


This WF initiated the work on how to verify eMIMO full Tx power transmission on single layer on applicable one antenna port or two antenna ports depending on UE capability.

In RAN1 eMIMO discussion, UE may support mode1 and/or mode 2 to enable full transmission power.  The definition of modes and some related power scaling agreements from RAN1 are listed here:· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission
· For rank=1, TPMI=2, TPMI=0, TPMI=1 are included in new codebook subset for non-coherent UEs with power scaling defined as in [38.213] Rel-15 
· For rank=2, TPMI=0 is included in the new codebook subset
…
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: support {TPMI=0} and {TPMI=1}
…



  



In this contribution, only verification of UE supporting Mode 1 with 2-Tx non-coherent full power transmission with configuration rank=1, TPMI=2 is considered. For Mode 2, since it is single antenna port (TPMI=0 and TPMI=1) transmission for Tx full power, it is straight forward to follow single port requirements defined in current Rel-15 specifications. 

In mode 1 by definition the SRS resource within a SRS resource set must have the same number of antenna ports. 

[bookmark: _GoBack]The power scaling rule for PUSCH in Rel-15 38.213 says:[bookmark: _Toc12021445][bookmark: _Toc20311557]7.1	Physical uplink shared channel





For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1. For a PUSCH transmission scheduled by a DCI format 0_1 or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook' and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 



In mode 1, for 2Tx non-coherent UE rank = 1 and TPMI=2 configuration, this power scaling rule requires UE to equally split power on two ports. For example, for full Tx power with PC2 rating, each antenna port needs to have 23dBm PA. At any given time, the configured power between two antenna ports are equal during PUSCH transmissions. 

Verification of full Tx power transmission of UE supporting mode 1 can be verified at each antenna port. What could be potential difference between UL-MIMO and non-coherent rank=1, TPMI=2 full power transmissions?

The current Rel-15 Tx requirements for UL-MIMO are listed below. The requirements are defined for UE with 2 transmit antenna connectors. 

Table 1. UL-MIMO Tx Characteristics
	UL-MIMO Tx characteristics
	UL-MIMO Configurations
	UL-MIMO Requirements

	6.2D.1 UE maximum output power
	Two Tx antennas, 2-layer transmission, w= 1/sqrt(2)*[1 1]^T
	Sum maximum output power of each Tx antenna connector meets UE power class.

	6.2D.2 UE maximum output power reduction
	Same as above
	Sum power meets non-MIMO requirements 

	6.2D.3 UE addition maximum output power reduction
	Same as above
	Sum power meets non-MIMO requirements 

	6.2D.4 Configured transmitted power for UL-MIMO
	Same as above
	Sum power meets Pumax,c lower and upper bound

	6.3D.1 Minimum output power 
	N/A (‘Same as above’ should be OK as well)
	Sum power meets non-MIMO requirements

	6.3D.2 Transmit OFF power
	N/A
	Each Tx antenna meets non-MIMO requirements

	6.3D.3 Transmit ON/OFF time mask
	Two Tx antennas, 2-layer transmission, w= 1/sqrt(2)*[1 1]^T
	Each Tx antenna meets non-MIMO requirements

	6.3D.4 Power control 
	Same as above
	Sum power meets non-MIMO requirements

	6.4D.1 Frequency error
	N/A (‘Same as above should be OK as well’)
	Each Tx antenna meets non-MIMO requirements

	6.4D.2 Transmit modulation quality (EVM, Carrier leakage, IBE and EVM spectrum flatness)
	Two Tx antennas, 2-layer transmission, w= 1/sqrt(2)*[1 1]^T
	Each Tx antenna meets non-MIMO requirements

	6.4D.3 Time alignment error 
	N/A (‘Same as above should be OK as well’)
	TAE should not exceed 130ns

	6.4D.4 Requirements for coherent
	N/A (‘Same as above should be OK as well’)
	Meet relative phase and power difference requirement

	6.5D.1 Occupied bandwidth 
	Same as above
	Each Tx antenna meets non-MIMO requirements

	6.5D.2 Out of band emission
	Same as above
	Each Tx antenna meets non-MIMO requirements

	6.5D.3 Spurious emission 
	Same as above
	Each Tx antenna meets non-MIMO requirements 

	6.5D.4 Transmit intermodulation
	Same as above
	Each Tx antenna meets non-MIMO requirements



Our view is if UE meets UL-MIMO tx characteristics, It can be considered that UE can meet full Tx power transmission for mode 1 UE with 2 Tx non-coherent rank=1, TPMI=2 configuration. There is no need to have separate requirements. 

Actually, 6.4D.4 requirements for coherent UL-MIMO is not required for non-coherent transmission. 

Observation 1: Rel-15 Tx requirements for UL-MIMO are sufficient to enable mode 1 non-coherent device to have full power transmission with configuration of rank =1, TPMI=2.

Observation 2: Requirements for coherent UL-MIMO (6.4D.4) are not required for non-coherent transmissions.

It is unlikely for a UE to support rank=1 transmissions with TPMI=0,1,2 but not to support UL-MIMO since we are talking about MIMO enhancement. In the case that UL-MIMO is not supported, similar requirements should be defined for verification of mode 1 UE. But TPMI configuration needs to be changed from 2-layer TPMI=0 in two antenna port UL-MIMO case to 1-layer TPMI = 2, i.e. precoding matrix w =  for UL-MIMO is replaced by w = .

Observation 3: For UE not supporting UL-MIMO but supporting 2Tx non-coherent full Tx power transmission in mode 1, all requirements in the above table except for coherent requirements should be met with precoding matrix w =  replaced by w =  .
Conclusion
In this contribution, the verification of non-coherent single layer transmission with precoding matrix w =  for full Tx power in mode 1 was discussed. We observe there are no separate tests needed in case UE is UL-MIMO compliant. Even UE is not UL-MIMO compliant, the tests are still quite aligned with UL-MIMO tests except precoding matrix needs to change.

We have following observations:

Observation 1: Rel-15 Tx requirements for UL-MIMO are sufficient to enable mode 1 non-coherent device to have full power transmission with configuration of rank =1, TPMI=2.

Observation 2: Requirements for coherent UL-MIMO (6.4D.4) are not required for non-coherent transmissions.

Observation 3: For UE not supporting UL-MIMO but supporting 2Tx non-coherent full Tx power transmission in mode 1, all requirements in the above table except for coherent requirements should be met with precoding matrix w =  replaced by w =  .
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