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1.	Introduction
In this paper, MU for FR1 single carrier UL-MIMO SA TCs is proposed.
2.	Discussion
For UL-MIMO Tx tests, some requirements are defined for the sum of powers from each antenna connector while others are defined for each antenna connector. For the former case, as already discussed in EN-DC MU in [1], the MU will become RSS of MU of each measurement. For the latter case, the same MU as for the corresponding non-UL MIMO TCs can be reused.
Table 1 summarizes the proposed MU values for Tx test cases.
Table 1 FR1 SA MU for single carrier UL-MIMO Tx TCs
	TC
	Requirement defined for
	MU of Single antenna test case
	Proposed MU value for UL-MIMO test case

	6.2D Transmitter power for UL-MIMO
(6.2D.1	UE maximum output power for UL-MIMO,
6.2D.2 UE maximum output power reduction for UL-MIMO
6.2D.3 UE additional maximum output power reduction for UL-MIMO
6.2D.4 Configured transmitted power for UL-MIMO )

	Sum of power of each antenna connector
	


BW ≤ 20MHz
±0.7 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.0 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±1.3 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ 0dBm)

20 MHz < BW ≤ 40MHz
±0.7 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.0 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±1.5 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ 0dBm)

40MHz < BW ≤ 100MHz
±1.4 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.6 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±1.6 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ 0dBm)
	RSS of 2 non-UL MIMO MUs in corresponding non-UL MIMO TC

BW ≤ 20MHz
±1.0 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.4 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±1.8 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ 0dBm)

20 MHz < BW ≤ 40MHz
±1.0 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.4 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±2.1 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ 0dBm)

40MHz < BW ≤ 100MHz
±2..0 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±2.3 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±2.3 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ 0dBm)

	6.3D.1	Minimum output power for UL-MIMO
	Sum of power of each antenna connector
	


BW ≤ 20MHz
±1.0 dB, f ≤ 3.0GHz (P ≥ -40Bm)
±1.3 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ -40dBm)
±1.5 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ -40dBm)

20 MHz < BW ≤ 40MHz
±1.0 dB, f ≤ 3.0GHz (P ≥ -40Bm)
±1.3 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ -40dBm)
±1.5 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ -40dBm)

40MHz < BW ≤ 100MHz
±1.4 dB, f ≤ 3.0GHz (P ≥ -40Bm)
±1.6 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ -40dBm)
±1.8 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ -40dBm)
	RSS of 2 non-UL MIMO MUs in corresponding non-UL MIMO TC

BW ≤ 20MHz
±1.4 dB, f ≤ 3.0GHz (P ≥ -40Bm)
±1.8 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ -40dBm)
±2.1 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ -40dBm)

20 MHz < BW ≤ 40MHz
±1.4 dB, f ≤ 3.0GHz (P ≥ -40Bm)
±1.8 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ -40dBm)
±2.1 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ -40dBm)

40MHz < BW ≤ 100MHz
±2.0 dB, f ≤ 3.0GHz (P ≥ -40Bm)
±2.3 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ -40dBm)
±2.5 dB, 4.2GHz < f ≤ 6.0GHz (P ≥ -40dBm)

	6.3D.2	Transmit OFF power for UL-MIMO
	Two contradicting descriptions in core specification: mean power at each transmit antenna or 
each UE antenna connector
	
	
Need RAN4 clarification.


	6.3D.3	Transmit ON/OFF time mask for UL-MIMO
	Each UE antenna connector
	Same as 6.3.2
	Same as the MU in corresponding non-UL MIMO TC

	6.3D.4.1 Absolute power tolerance for UL-MIMO
	Sum of power of each antenna connector is measured
	


BW ≤ 20MHz
±1.0 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.4 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±2.0 dB, 4.2GHz < f ≤ 6GHz (P ≥ 0dBm)

20 MHz < BW ≤ 40MHz
±1.0 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.4 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±2.1 dB, 4.2GHz < f ≤ 6GHz (P ≥ 0dBm)

40MHz < BW ≤ 100MHz
±1.6 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±1.9 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±2,2 dB, 4.2GHz < f ≤ 6GHz (P ≥ 0dBm)
	RSS of 2 non-UL MIMO MUs in corresponding non-UL MIMO TC

BW ≤ 20MHz
±1.4 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±2.0 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±2.8 dB, 4.2GHz < f ≤ 6GHz (P ≥ 0dBm)

20 MHz < BW ≤ 40MHz
±1.4 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±2.0 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±3.0 dB, 4.2GHz < f ≤ 6GHz (P ≥ 0dBm)

40MHz < BW ≤ 100MHz
±2.3 dB, f ≤ 3.0GHz (P ≥ 0dBm)
±2.7 dB, 3.0GHz < f ≤ 4.2GHz (P ≥ 0dBm)
±3.1 dB, 4.2GHz < f ≤ 6GHz (P ≥ 0dBm)

	6.3D.4.2 Relative power tolerance for UL-MIMO
	Sum of power of each antenna connector 
	±0.7 dB
	TBD

	6.3D.4.3 : Aggregate power tolerance for UL-MIMO
	Sum of power of each antenna connector
	±0.7 dB
	TBD

	6.4D	Transmit signal quality for UL-MIMO
(6.4D.1 Frequency error for UL-MIMO
6.4D.2 Transmit modulation quality for UL-MIMO)
	Each UE antenna connector
	
	Same as the MU in corresponding non-UL MIMO TC

	6.4D.3 Time alignment error for UL-MIMO
	No single antenna test case
	N/A
	[±25ns]

	6.4D.4 Requirements for coherent UL MIMO
	No single antenna test case
	N/A
	FFS

	6.5D.1	Occupied bandwidth for UL-MIMO
	Each UE antenna connector
	
	Same as the MU in corresponding non-UL MIMO TC

	6.5D.2 Out of band emission for UL-MIMO (ACLR, SEM)
	Each UE antenna connector
	
	Same as the MU in corresponding non-UL MIMO TC

	6.5D.3	Spurious emissions for UL-MIMO
	Each UE antenna connector
	
	Same as the MU in corresponding non-UL MIMO TC

	6.5D.4	Transmit intermodulation for UL-MIMO
	Each UE antenna connector
	
	Same as the MU in corresponding non-UL MIMO TC



For UL-MIMO Rx tests, for DL, the way of DL signal injection is same as no-UL MIMO TCs, then the same MU as for non-UL MIMO TC can be used.  Some test cases require the confirmation of UL power configuration (as side condition of the Rx requirement) and the MU for that can be reused from Tx power TCs. Table 2 summarizes the MU proposal for SA UL-MIMO Rx TCs.
Table 2 SA FR1 MU for Rx TCs
	TC
	Proposed MU value

	7.3D	Reference sensitivity for UL-MIMO
	DL power : Same as corresponding non-UL MIMO MU


	7.4D	Maximum input level for UL-MIMO
	DL power : Same as corresponding non-UL MIMO MU
UL power : Same as 6.2D.1

	7.5D Adjacent channel selectivity for UL-MIMO
	ACS: Same as corresponding non-UL MIMO MU
UL power : Same as 6.2D.1

	7.6D Blocking characteristics for UL-MIMO
	Blocking: Same as corresponding non-UL MIMO MU
UL power : Same as 6.2D.1

	7.7D Spurious response for UL-MIMO
	Blocking: Same as corresponding non-UL MIMO MU
UL power : Same as 6.2D.1

	7.8D Intermodulation characteristics for UL-MIMO
	Intermodulation: Same as corresponding non-UL MIMO MU
UL power : Same as 6.2D.1



Proposal 1: RAN5 to adopt the values in Table 1 for single carrier FR1 UL-MIMO Tx tests 
Proposal 2: RAN5 to adopt the values in Table 2 for single carrier FR1 UL-MIMO Rx tests

3.	Conclusion
RAN5 is asked to endorse following proposals.
Proposal 1: RAN5 to adopt the values in Table 1 for single carrier FR1 UL-MIMO Tx tests 
Proposal 2: RAN5 to adopt the values in Table 2 for single carrier FR1 UL-MIMO Rx tests
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