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1.	Introduction
[bookmark: _GoBack]In RAN5 NR#5 AdHoc, discussion re-raised for the UL-MIMO MU where many of tx requirements are defined with sum of power of each antenna [1][2]. This paper provides the analysis for overall MU of the sum of power measurement, which happens in UL-MIMO, UL CA, NSA cases etc.
2.	Discussion
2.1 Analysis of the MU for sum of the power 
[3] and [4] proposed RSS of  the two MU branches for the overall MU. Taking RSS is based on the fact the standard deviation (STD) of sum of the independent probability variables (normal distribution) become RSS of all the STDs of each variable. 
However, when it comes to the MU of sum of the power, the story could be different. The MU for each branch (power at each antenna for UL-MIMO, power at each CC in NSA/UL-CA etc) can be considered to follow the normal distribution in dBm unit. When to measure some of the power, we add the measured power in mW unit, then convert it back to dBm. Hence, the principle above will not hold. Actually, the MU for multiplication of the powers (i.e. sum of dBm value)  is RSS, but not for the sum of the power. This was the missing aspect in [3] and [4].
Observation 1 : In the situation that sum of the linear power is measured, the combined MU will not be the RSS of the each MU.
The overall MU for the sum of power depends on multiple aspects as listed below.
a) Power imbalance of branches
Even if the MU at the one branch is much bigger than the other, the impact for the overall MU is considered to be small if the absolute level in mW is smaller than the other. However, since no power level is defined for each branch in the core requirement, then it is not possible to consider the any power imbalance but to assume the worst case in MTSU definition.
b) Correlation of MUs of branches
Assume no impact from noise, and power is the same for each branch, following can be said.
· In case the MUs are 100% uncorrelated, then the MU could be smaller than individual MUs of each branch. This is understandable if we imaging the that MU[dB] is ratio of error to total power and the denominator is 2 times bigger but the nominator is only sqrt(2) times bigger. i.e. overall MU will be 1/sqrt(2).
· In case the MUs are 100% correlated the upper limit of the MU is max of MUs of branches.
Degree of correlation varies by many parameters (frequency, temperature, time between multiple measurements, stability of parts …), and is not realistic to evaluate it with confidence. It would be reasonable to take the worst case assumption, i.e. 100% correlated.
b) Noise impact 
We need to evaluate a noise of impact as a whole for sum of measured power. As already discussed in the context of FR2 TRx testability, assuming 2 branches the measured power will be  + , and combined (hypothetical) SNR and SNR impact will be defined by

In case the noise is same for 2 branches, then the combined SNR will become -10log10(2) dB compared to the case all the power is measured with single branch. This is the typical situation in UL-MIMO case. When to evaluate MTSU, the assumed SNR should be core requirement level[dBm] – noise level of the system per branch[dBm] – 10log(2) dB.
For UL-CA/NSA, as the BW can be different for each CC, then the noise per branch will be also different.  If the same PSD(dBm/Hz) of noise is assumed for all CC, SNR impact is same as the situation all the power within the aggregated BW is measured at a time. When to evaluate MTSU, the assumed SNR should be core requirement level[dBm] – total noise floor of the system for aggregated BW[dBm].
2.2 Summary and proposal
Considering the aspects a)-c) in section 2.1, the MU for UL-MIMO and UL CA/NSA can be summarized as follows.
UL-MIMO : Single antenna MU excl. effect from noise + effect from noise from both antenna
UL CA/NSA : Maximum of MUs of each CC excl. impact from noise + effect from noise from all the CCs
The concrete values for each TCs are specified in Table 1, Table 2 and Table 3.



Table 1 MU for UL-MIMO(2Tx)
	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)
	Same as MU of Single antenna test case

Note : Change from existing MU :  times of existing MU

	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)
	Same as MU of Single antenna test case

Note :Change from existing MU :  times of existing MU

	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)
	Same as MU of Single antenna test case

Note :Change from existing MU :  times of existing MU

	6.3D.4.2 Relative power tolerance for UL-MIMO
	Sum of power of each antenna connector 
	±0.7 dB, BW ≤ 40MHz
±1.0 dB, 40MHz < f ≤ 100MHz
	±0.9 dB, BW ≤ 40MHz 
 (Note: -0.09dB from existing MU )
±1.4 dB, 40MHz < f ≤ 100MHz
 (Note :  -0.014dB from existing MU )
(Due to required large dynamic range, impact from noise for the low power slot/sub frame needs to be considered)

	6.3D.4.3 : Aggregate power tolerance for UL-MIMO
	Sum of power of each antenna connector
	±0.7 dB, BW ≤ 40MHz
±1.0 dB, 40MHz < f ≤ 100MHz
	Same as MU of Single antenna test case

Note :Change from existing MU :  times of existing MU



Table 2 MU for NSA(1LTE UL+1NR UL)
	Test Case
	Requirement defined for
	MU of single carrier
	Proposed MU value for NSA

	Transmitter Maximum Output Power

Maximum Power Reduction(MPR)


Additional Maximum Power Reduction (A-MPR)

Configured transmitted Output Power
	Sum of the power of each CC 
	NR : 
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)

LTE :
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 ≤ 6GHz(P ≥ 0dBm)
	Inter, Intra-NC :
For simultaneous tx: 
LTE+NR : 
Maximum MU among LTE MU(36.521-1) and NR SA MU(38.521-1). 

Note :See attached xlsx file for the concrete MU values for all the possible combinations.

Intra-C : 
For simultaneous tx : 
LTE+NR : Same as SA MU in 38.521-1 for aggregated BW




Table 3 MU for UL-CA(2CCs)
	Test Case
	Requirement defined for
	MU of single carrier
	Proposed MU value for UL-CA(2CCs)

	Transmitter Maximum Output Power

Maximum Power Reduction(MPR)


Additional Maximum Power Reduction (A-MPR)

Configured transmitted Output Power
	Sum of the power of each CC 
	NR : 
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)


	Inter, Intra-NC : 
Maximum MU among the MUs of each CC 

Note :See attached xlsx file for the concrete MU values for all the possible combinations.


Intra-C : 
Same as SA MU in 38.521-1 for aggregated BW







3.	Conclusion
RAN5 is asked to endorse following proposals.
Proposal 1) To specify the MTSU for FR1 UL-MIMO (2Tx), NSA (1 LTE UL + 1 NR UL) and UL-CA(2CCs) as specified in Table 1 – Table 3 
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		(1) Max(MULTE, MUNR)

								CC		NR

								BW		BW ≤ 20MHz						20 MHz < BW ≤ 40MHz						40MHz < BW ≤ 100MHz

								Frequency		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz

		CC		BW		Frequency		MU per CC		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

		LTE		BW ≤ 20MHz		 f ≤ 3.0GHz 		0.7		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

						3.0GHz < f ≤ 4.2GHz		1.0		1.0		1.0		1.3		1.0		1.0		1.5		1.4		1.6		1.6

						4.2GHz < f ≤ 6.0GHz		1.3		1.3		1.3		1.3		1.3		1.3		1.5		1.4		1.6		1.6

		(2) RSS(MULTE, MUNR)

								CC		NR

								BW		BW ≤ 20MHz						20 MHz < BW ≤ 40MHz						40MHz < BW ≤ 100MHz

								Frequency		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz

		CC		BW		Frequency		MU per CC		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

		LTE		BW ≤ 20MHz		 f ≤ 3.0GHz 		0.7		1.0		1.2		1.5		1.0		1.2		1.7		1.6		1.7		1.7

						3.0GHz < f ≤ 4.2GHz		1.0		1.2		1.4		1.6		1.2		1.4		1.8		1.7		1.9		1.9

						4.2GHz < f ≤ 6.0GHz		1.3		1.5		1.6		1.8		1.5		1.6		2.0		1.9		2.1		2.1

		(3) = (1) - (2)

								CC		NR

								BW		BW ≤ 20MHz						20 MHz < BW ≤ 40MHz						40MHz < BW ≤ 100MHz

								Frequency		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz

		CC		BW		Frequency		MU per CC		0.7		1		1.3		0.7		1		1.5		1.4		1.6		1.6

		LTE		BW ≤ 20MHz		 f ≤ 3.0GHz 		0.70		-0.29		-0.22		-0.18		-0.29		-0.22		-0.16		-0.17		-0.15		-0.15

						3.0GHz < f ≤ 4.2GHz		1.00		-0.22		-0.41		-0.34		-0.22		-0.41		-0.30		-0.32		-0.29		-0.29

						4.2GHz < f ≤ 6.0GHz		1.30		-0.18		-0.34		-0.54		-0.18		-0.34		-0.48		-0.51		-0.46		-0.46





ULCA

		(1) Max(MUCC1, MUCC2)

								CC		NR CC2

								BW		BW ≤ 20MHz						20 MHz < BW ≤ 40MHz						40MHz < BW ≤ 100MHz

								Frequency		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz

		CC		BW		Frequency		MU per CC		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

		NR CC1		BW ≤ 20MHz		 f ≤ 3.0GHz 		0.7		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

						3.0GHz < f ≤ 4.2GHz		1.0		1.0		1.0		1.3		1.0		1.0		1.5		1.4		1.6		1.6

						4.2GHz < f ≤ 6.0GHz		1.3		1.3		1.3		1.3		1.3		1.3		1.5		1.4		1.6		1.6

				20 MHz < BW ≤ 40MHz		 f ≤ 3.0GHz 		0.7		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

						3.0GHz < f ≤ 4.2GHz		1.0		1.0		1.0		1.3		1.0		1.0		1.5		1.4		1.6		1.6

						4.2GHz < f ≤ 6.0GHz		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.6		1.6

				40MHz < BW ≤ 100MHz		 f ≤ 3.0GHz 		1.4		1.4		1.4		1.4		1.4		1.4		1.5		1.4		1.6		1.6

						3.0GHz < f ≤ 4.2GHz		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6

						4.2GHz < f ≤ 6.0GHz		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6



		(2) RSS(MUCC1, MUCC2)

								CC		NR CC2

								BW		BW ≤ 20MHz						20 MHz < BW ≤ 40MHz						40MHz < BW ≤ 100MHz

								Frequency		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz

		CC		BW		Frequency		MU per CC		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

		NR CC1		BW ≤ 20MHz		 f ≤ 3.0GHz 		0.7		1.0		1.2		1.5		1.0		1.2		1.7		1.6		1.7		1.7

						3.0GHz < f ≤ 4.2GHz		1.0		1.2		1.4		1.6		1.2		1.4		1.8		1.7		1.9		1.9

						4.2GHz < f ≤ 6.0GHz		1.3		1.5		1.6		1.8		1.5		1.6		2.0		1.9		2.1		2.1

				20 MHz < BW ≤ 40MHz		 f ≤ 3.0GHz 		0.7		1.0		1.2		1.5		1.0		1.2		1.7		1.6		1.7		1.7

						3.0GHz < f ≤ 4.2GHz		1.0		1.2		1.4		1.6		1.2		1.4		1.8		1.7		1.9		1.9

						4.2GHz < f ≤ 6.0GHz		1.5		1.7		1.8		2.0		1.7		1.8		2.1		2.1		2.2		2.2

				40MHz < BW ≤ 100MHz		 f ≤ 3.0GHz 		1.4		1.6		1.7		1.9		1.6		1.7		2.1		2.0		2.1		2.1

						3.0GHz < f ≤ 4.2GHz		1.6		1.7		1.9		2.1		1.7		1.9		2.2		2.1		2.3		2.3

						4.2GHz < f ≤ 6.0GHz		1.6		1.7		1.9		2.1		1.7		1.9		2.2		2.1		2.3		2.3

		(3) = (1) - (2)

								CC		NR CC2

								BW		BW ≤ 20MHz						20 MHz < BW ≤ 40MHz						40MHz < BW ≤ 100MHz

								Frequency		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz		 f ≤ 3.0GHz 		3.0GHz < f ≤ 4.2GHz		4.2GHz < f ≤ 6.0GHz

		CC		BW		Frequency		MU per CC		0.7		1.0		1.3		0.7		1.0		1.5		1.4		1.6		1.6

		NR CC1		BW ≤ 20MHz		 f ≤ 3.0GHz 		0.7		-0.3		-0.2		-0.2		-0.3		-0.2		-0.2		-0.2		-0.1		-0.1

						3.0GHz < f ≤ 4.2GHz		1.0		-0.2		-0.4		-0.3		-0.2		-0.4		-0.3		-0.3		-0.3		-0.3

						4.2GHz < f ≤ 6.0GHz		1.3		-0.2		-0.3		-0.5		-0.2		-0.3		-0.5		-0.5		-0.5		-0.5

				20 MHz < BW ≤ 40MHz		 f ≤ 3.0GHz 		0.7		-0.3		-0.2		-0.2		-0.3		-0.2		-0.2		-0.2		-0.1		-0.1

						3.0GHz < f ≤ 4.2GHz		1.0		-0.2		-0.4		-0.3		-0.2		-0.4		-0.3		-0.3		-0.3		-0.3

						4.2GHz < f ≤ 6.0GHz		1.5		-0.2		-0.3		-0.5		-0.2		-0.3		-0.6		-0.6		-0.6		-0.6

				40MHz < BW ≤ 100MHz		 f ≤ 3.0GHz 		1.4		-0.2		-0.3		-0.5		-0.2		-0.3		-0.6		-0.6		-0.5		-0.5

						3.0GHz < f ≤ 4.2GHz		1.6		-0.1		-0.3		-0.5		-0.1		-0.3		-0.6		-0.5		-0.7		-0.7

						4.2GHz < f ≤ 6.0GHz		1.6		-0.1		-0.3		-0.5		-0.1		-0.3		-0.6		-0.5		-0.7		-0.7





Sheet2





Sheet3






image1.emf
NSA_ULCA_Sum_of_ power_MU_v1.xlsx


