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1. Introduction
The uplink full power transmission has been continually discussed for several months. Over the past several meetings, RAN4 have been discussing testing scenarios and configurations to verify UEs with uplink full power transmission. The way forward on uplink full power transmission for eMIMO was approved during RAN4#93 [1] copied as follows:
· Test configurations introduced based on supported mode

· Current assumption is UE can only support one mode. This could also be updated based on RAN1 progress

	
	1 port, rank1
	2 ports, rank1

	Mode 1
	-
	TPMI2 (Note 1)

	Mode 2

	FFS [(Note 4)]
	Full power TPMI(s) UE reported  (Note 2)

	None  “The other mode”
	
	TPMI: [One random selected] (Note 3)

	Note 1: No need to be tested if Rel-15 UL-MIMO rank2 is supported and verified.
Note 2: Random selection of one TPMI is considered to limit the test case number.
Note 3: All the full power TPMI(s), typically one should be tested.

[Note 4: This only applies to Mode 2 thus cannot be used for other modes. In addition, if Rel-15 introduced similar case, this tentative point would be totally unnecessary.]


· At least introduce MOP requirements for Full Tx Power feature in Rel-16 eMIMO.

· Study whether other cases, such as emission requirements should be verified or not.
In this contribution we continue to discuss the test configurations and RF requirements for the uplink full power transmission in Rel-16 eMIMO.
2. Discussion
In RAN4#93 meeting, the below agreement was approved as follow:
	Agreement
In REl-16 eMIMO, only full power transmission will be tested 


For mode 1, two ports non-coherent UE, the new codebook rank=1 TPMI=2 can be used for UL full power transmission and UE has capable of achieving the maximum full power. In this test configuration the UE can transmit over 2 ports simultaneously. The power on each antenna port are equal therefore the output power from the two ports should be summed. The UL full power is measured as the sum of the UL output power at each UE antenna port. For UL-MIMO mode, TPMI configuration is already specified for 2-layer UL MIMO transmission in Rel-15.
In the WF [1], the item exists as follows:

Note 1: No need to be tested if Rel-15 UL-MIMO rank2 is supported and verified.
If UE supports Rel-15 UL-MIMO mode generally UE can support mode=1 rank=1, port=2 transmissions. Although the test procedure between UL-MIMO and rank1 TPMI2 full power mode are same, there are still a little of difference between the two modes, i.e. the test condition of two modes are different. UL-MIMO rank2 mode is verified with CP-OFDM waveform which it is non-zero MPR assuming at least 1.5dB MPR for FR1 and at least 3.5dB MPR for FR2, which means that MOP test is absent in UL MIMO test. Consequently full power transmission with rank=1 TPMI=2 configuration shall be verified with DFT-s-OFDM waveform in MOP test where MPR =0dB. 

In this case the above agreement on “Note 1: No need to be tested if Rel-15 UL-MIMO rank2 is supported and verified” looks like a bit of problem. if Rel-15 UL-MIMO rank2 is supported and verified, at least full power transmission with mode 1 TPMI2 configuration still need to be verified with DFT-s-OFDM waveform.
Observation 1: Due to Rel-15 UL-MIMO rank2 verification with CP-OFDM waveform which is non-zero MPR assuming at least 1.5dB MPR for FR1 and at least 3.5dB MPR for FR2 compared with full power transmission rank 1 TPMI2 verification with DFT-s-OFDM waveform which is zero MPR, at least full power transmission with mode 1 TPMI2 configuration still need to be verified with DFT-s-OFDM waveform.
For mode 2 rank1 two ports configuration, UE report full power TPMIs such as TPMI=0, or/and TPMI=1. In the WF [1], the item exists as follows:

Note 2: Random selection of one TPMI is considered to limit the test case number
If UE reports mode 2 together with TPMI =0 or TPMI =1, it is correspondence with capability 3 UE which has a subset of Tx chains with full rated PA. If UE reports mode 2 together with TPMI =0 and TPMI =1, it is correspondence with capability 1 UE which has each Tx chain with full rated PA. The item “Random selection of one TPMI is considered to limit the test case number”, however for the mode 2 UE which only has 2Tx chains, the only one TMPI could be indicated directly instead of random selection of one full TPMI UE reported.

Observation 2: For the mode 2 UE which only has 2 antenna ports, the only one TMPI could be indicated directly instead of random selection of one full TPMI UE reported.
For Mode 2 rank1 one port configuration, the specific configuration is still FFS. In this scenarios of the two antenna ports configuration, the one logic port is mapped to the two antenna ports which is antenna virtualization and full power transmission could be supported. Considering the existing WF item “Note 4: This only applies to Mode 2 thus cannot be used for other modes. In addition, if Rel-15 introduced similar case, this tentative point would be totally unnecessary”, the TPMI0 or TPMI1 could be regarded as test configuration.
As for “the other mode”, all TPMIs can support full power transmission. As agreed in last meeting, typically one should be tested. For FR1, to be compatible with Rel-15 spec as much as possible, TPMI0 can be considered as the configuration for two ports rank 1 test. FR2 is different from FR1. Usually there is ±2dB or +2/-3dB tolerance to FR1 MOP which means that there is the same upper bound power limitation for all TPMIs. FR2 MOP has no tolerance which means that there is no upper bound power limitation, hence TPMI2 can achieve higher power than TPMI0/1 due to simultaneous 2TX. Moreover, FR2 MOP spec is derived based on default assumption of 2TX case and near 3dB 2TX gain was already captured. With above consideration, TPMI2 can be considered as the typical TPMI for FR2.
Observation 3: Based on different assumption and different requirements between FR1 and FR2, TPMI0 for FR1 and TPMI2 for FR2 can be considered as the typical TPMIs respectively for “the other mode”.
In the WF [1], the item exists as follows:
At least introduce MOP requirements for Full Tx Power feature in Rel-16 eMIMO.
For mode 1, two ports non-coherent UE with the new introduced TPMI=2, the new MOP requirements will be introduced. However the requirements with UL-MIMO configurations of using 2-layer are already specified. For mode 2, two ports non-coherent UE with the full power TPMIs reported, the MOP requirements are same as that for Rel-15. Therefore the specific MOP requirements for full power transmission could remain the same, only test configurations introduced based on supported mode should be captured in the Rel-16 specification 
Proposal 1: Generally the specific MOP requirements for full power transmission in Rel-16 eMIMO could remain the same as that of Rel-15, only test configurations introduced based on supported mode should be captured in the specification according to the following table for transmission  supporting up to 2 antenna ports:
Table 1 Test configurations for transmission supporting 2 antenna ports
	
	1 port, rank1
	2 ports, rank1

	Mode 1
	No test
	TPMI2 (Note 1)

	Mode 2

	No test
	If TPMI0 is full power TPMI, test TPMI0;

Else, test TMPI1

	None  
“The other mode”
	No test
	For FR1: TMPI0;

For FR2: TPMI2

	Note 1: Only DFT-s-OFDM waveform need to be tested if Rel-15 UL-MIMO rank2 is supported and verified.


Another factor need to be considered is which sub-clauses should the MOP requirements for full power transmission be introduced. For FR1, based on previous discussion, companies consider clause 6.2D should be applied for UE which support UL-MIMO. Considering the test scenarios and configurations of full power feature in eMIMO which should also be applied to Rel-16 UE which support UL-MIMO, the relevant MOP requirement for full power transmission is more preferable to be added in clause 6.2D in 38.101-1. However, for FR2, the current requirement is defined in the principle that: if transmission on 1 layer requirements apply to clause 6.2 and if transmission on 2 layer requirements apply to clause 6.2D in 38.101-2. Obviously, to complete the requirement for full power transmission in eMIMO work item, where to capture the new full power transmission requirement should be clarified. 
Observation 4: RAN4 need to clarify the appropriate chapter to capture FR1 and FR2 MOP requirements for full power transmission, either in section 6.2 or 6.2D. 
In the WF [1], there exists the item as follows:

Study whether other cases, such as emission requirements should be verified or not.
From the verification and regulation perspective, the measurement of UL full power transmission characteristics such as emission requirements and other requirements may be reasonable.

Observation 5: From the verification and regulation perspective the measurement of UL full power transmission characteristics such as emission requirements and other requirements is reasonable.
3. Conclusion

We discuss the test configurations and RF requirements for the uplink full power transmission in Rel-16 eMIMO.
Observation 1: Due to Rel-15 UL-MIMO rank2 verification with CP-OFDM waveform which is non-zero MPR assuming at least 1.5dB MPR for FR1 and at least 3.5dB MPR for FR2 compared with full power transmission rank 1 TPMI2 verification with DFT-s-OFDM waveform which is zero MPR, at least full power transmission with mode 1 TPMI2 configuration still need to be verified with DFT-s-OFDM waveform.

Observation 2: For the mode 2 UE which only has 2 antenna ports, the only one TMPI could be indicated directly instead of random selection of one full TPMI UE reported.
Observation 3: Based on different assumption and different requirements between FR1 and FR2, TPMI0 for FR1 and TPMI2 for FR2 can be considered as the typical TPMIs respectively.
Observation 4: RAN4 need to clarify the appropriate chapter to capture FR1 and FR2 MOP requirements for full power transmission, either in section 6.2 or 6.2D. 
Observation 5: From the verification and regulation perspective the measurement of UL full power transmission characteristics such as emission requirements and other requirements is reasonable.
Proposal 1: Generally the specific MOP requirements for full power transmission in Rel-16 eMIMO could remain the same as that of Rel-15, only test configurations introduced based on supported mode should be captured in the specification according to the following table for transmission  supporting up to 2 antenna ports.
Table 1 Test configurations for transmission supporting 2 antenna ports
	
	1 port, rank1
	2 ports, rank1

	Mode 1
	No test
	TPMI2 (Note 1)

	Mode 2

	No test
	If TPMI0 is full power TPMI, test TPMI0;

Else, test TMPI1

	None  
“The other mode”
	No test
	For FR1: TMPI0;

For FR2: TPMI2

	Note 1: Only DFT-s-OFDM waveform need to be tested if Rel-15 UL-MIMO rank2 is supported and verified.
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