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<Start of Change>
[bookmark: _Toc21342935][bookmark: _Toc29769896][bookmark: _Toc29799395]6.2D	Transmitter power for UL MIMO
[bookmark: _Toc21342936][bookmark: _Toc29769897][bookmark: _Toc29799396]6.2D.1	UE maximum output power for UL MIMO
For power class 2 UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms).
The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of[image: ]. DCI Format for UE configured in PUSCH transmission mode for uplink single-user MIMO shall be used.
Table 6.2D.1-1: UE Power Class for UL MIMO in closed loop spatial multiplexing scheme
	[bookmark: OLE_LINK9]NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n41
	
	
	26
	+2/-31
	23
	+2/-31
	
	

	n77
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n78
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n79
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	NOTE 1:	The transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
NOTE 2:	Power class 3 is the default power class unless otherwise stated



Table 6.2D.1-2: UL MIMO configuration in closed-loop spatial multiplexing scheme
	Transmission scheme
	DCI format
	Codebook TPMI Index

	 Codebook based uplink
	DCI format 0_1
	Codebook index 0



If UE is configured for single layer transmission on single-antenna port defined in [6], the requirements in clause 6.2.1 apply.
[bookmark: _Toc21342937][bookmark: _Toc29769898][bookmark: _Toc29799397]6.2D.2	UE maximum output power reduction for UL MIMO
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2D.1-1 is specified in Table 6.2.2-1 for PC3 UE, while for PC2 UE, the MPR requirements defined in Table 6.2D.2-1 apply for each antenna connector. The requirements shall be met with UL MIMO configurations defined in Table 6.2D.1-2. 
Table 6.2D.2-1 Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 4
	≤ 1
	0

	
	16 QAM
	≤ 4
	≤ 2
	≤ 1

	
	64 QAM
	≤ 4
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 4
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 4
	≤ 3
	≤ 2

	
	64 QAM
	≤ 4

	
	256 QAM
	≤ 6.5

	NOTE 1:	The requirement shall be applied at each antenna connector.
NOTE 2:	For spectrum emission mask measurement, Resolution BW is 10% of the measurement BW and the result should be integrated to achieve the measurement bandwidth.
NOTE 3:	For spurious emission measurement, the sweep time shall be set at least as (sweep points)*(symbol length) to improve the measurement accuracy.



For UE supporting UL MIMO, tThe maximum output power is measured as the sum of the maximum output power at each UE antenna connector.
For the UE maximum output power modified by MPR, the power limits specified in clause 6.2D.4 apply.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.2 apply.
[bookmark: _Toc21342938][bookmark: _Toc29769899][bookmark: _Toc29799398]6.2D.3	UE additional maximum output power reduction for UL MIMO
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the A-MPR values specified in clause 6.2.3 shall apply to the maximum output power specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, tThe maximum output power is measured as the sum of the maximum output power at each UE antenna connector. Unless stated otherwise, an A-MPR of 0 dB shall be used.
For the UE maximum output power modified by A-MPR, the power limits specified in clause 6.2D.4 apply.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.3 apply.
[bookmark: _Toc21342939][bookmark: _Toc29769900][bookmark: _Toc29799399]6.2D.4	Configured transmitted power for UL MIMO
For UE supporting UL MIMO, tThe transmitted power is configured per each UE.
The definitions of configured maximum output power PCMAX,c, the lower bound PCMAX_L,c, and the higher bound PCMAX_H,c specified in clause 6.2.4 shall apply to UE supporting UL MIMO, where
-	PPowerClass, ΔPPowerClass and ∆TC,c are specified in clause 6.2D.1;
-	MPRc is specified in clause 6.2D.2;
-	A-MPRc is specified in clause 6.2D.3.
The measured configured maximum output power PUMAX,c for serving cell c shall be within the following bounds:
PCMAX_L,c  –  MAX{TL, T LOW(PCMAX_L,c)}  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T HIGH(PCMAX_H,c)
where TLOW(PCMAX_L,c) and THIGH(PCMAX_H,c) are defined as the tolerance and applies to PCMAX_L,c and PCMAX_H,c separately, while TL is the absolute value of the lower tolerance in Table 6.2D.1-1 for the applicable operating band.
For UE with two transmit antenna connectors in closed-loop spatial amultiplexing scheme, the tolerance is specified in Table 6.2D.4-1. The requirements shall be met with UL MIMO configurations specified in Table 6.2D.1-2.
Table 6.2D.4-1: PCMAX,c tolerance in closed-loop spatial multiplexing scheme
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	PCMAX,c = 26
	3.0
	2.0

	23 ≤ PCMAX,c < 26
	3.0
	2.0

	22 ≤ PCMAX,c < 23
	5.0
	2.0

	21 ≤ PCMAX,c < 22
	5.0
	3.0

	20 ≤ PCMAX,c < 21
	6.0
	4.0

	16 ≤ PCMAX,c < 20
	5.0

	11 ≤ PCMAX,c < 16
	6.0

	-40 ≤ PCMAX,c < 11
	7.0



If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.4 apply.
<Next Change>
[bookmark: _Toc21342975][bookmark: _Toc29769936][bookmark: _Toc29799435]6.3D	Output power dynamics for UL MIMO
[bookmark: _Toc21342976][bookmark: _Toc29769937][bookmark: _Toc29799436]6.3D.1	Minimum output power for UL MIMO
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the minimum output power is defined as the sum of the mean power at each transmit connector in one sub-frame (1 ms). The minimum output power shall not exceed the values specified in Table 6.3.1-1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.3.1 apply
[bookmark: _Toc21342977][bookmark: _Toc29769938][bookmark: _Toc29799437]6.3D.2	Transmit OFF power for UL MIMO
The transmit OFF power is defined as the mean power at each transmit antenna connector in a duration of at least one sub-frame (1 ms) excluding any transient periods.
The transmit OFF power at each transmit antenna connector shall not exceed the values specified in Table 6.3.2-1.
[bookmark: _Toc21342978][bookmark: _Toc29769939][bookmark: _Toc29799438]6.3D.3	Transmit ON/OFF time mask for UL MIMO
For UE supporting UL MIMO, tThe ON/OFF time mask requirements in clause 6.3.3 apply at each transmit antenna connector.
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the general ON/OFF time mask requirements specified in clause 6.3.3.1 apply to each transmit antenna connector. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.3.3 apply.
[bookmark: _Toc21342979][bookmark: _Toc29769940][bookmark: _Toc29799439]6.3D.4	Power control for UL MIMO
For UE supporting UL MIMO, tThe power control tolerance applies to the sum of output power at each transmit antenna connector.
The power control requirements specified in clause 6.3.4 apply to UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.3.4 apply
<Next Change>
[bookmark: _Toc21342997][bookmark: _Toc29769958][bookmark: _Toc29799457]6.4D	Transmit signal quality for UL MIMO
[bookmark: _Toc21342998][bookmark: _Toc29769959][bookmark: _Toc29799458]6.4D.1	Frequency error for UL MIMO
[bookmark: _Toc21342999]For UE(s) supporting UL MIMO, tThe basic measurement interval of modulated carrier frequency is 1 UL slot.  The mean value of basic measurements of UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.
[bookmark: _Toc29769960][bookmark: _Toc29799459]6.4D.2	Transmit modulation quality for UL MIMO
For UE supporting UL MIMO, tThe transmit modulation quality requirements are specified at each transmit antenna connector.
If UE is configured for transmission on single-antenna port, the requirements specified for single carrier apply.
The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage (caused by IQ offset)
-	In-band emissions for the non-allocated RB
In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE (as defined in TS 38.331 [7]), carrier leakage measurement requirement in clause 6.4D.2.2 and 6.4D.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
<Next Change>
[bookmark: _Toc21343004][bookmark: _Toc29769965][bookmark: _Toc29799464]6.4D.3	Time alignment error for UL MIMO
For UE(s) with multiple transmit antenna connectors supporting UL MIMO, tThis requirement applies to frame timing differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing scheme.
The time alignment error (TAE) is defined as the average frame timing difference between any two transmissions on different transmit antenna connectors.
For UE(s) with multiple transmit antenna connectors, the Time Alignment Error (TAE) shall not exceed 130 ns.
<Next Change>
[bookmark: _Toc21343072][bookmark: _Toc29770038][bookmark: _Toc29799537]6.5D	Output RF spectrum emissions for UL MIMO
[bookmark: _Toc21343073][bookmark: _Toc29770039][bookmark: _Toc29799538]6.5D.1	Occupied bandwidth for UL MIMO
For UE supporting UL MIMO, tThe requirements for occupied bandwidth is specified at each transmit antenna connector. The occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel at each transmit antenna connector.
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the occupied bandwidth at each transmitter antenna shall be less than the channel bandwidth specified in table 6.5.1-1. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.5.1 apply
[bookmark: _Toc21343074][bookmark: _Toc29770040][bookmark: _Toc29799539]6.5D.2	Out of band emission for UL MIMO
For UE supporting UL MIMO, tThe requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters apply to the sum of the emissions from all UE are specified at each transmit antenna connectors.
For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclasuse 6.5.2 apply to the sum of the emissions from all UE each transmit antenna connectors. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.5.2 apply.
[bookmark: _Toc21343075][bookmark: _Toc29770041][bookmark: _Toc29799540]6.5D.3	Spurious emission for UL MIMO
For UE supporting UL MIMO, tThe requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products apply to the sum of the emissions from all UE are specified at each transmit antenna connectors.
For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements specified in subclasuse 6.5.3 apply to the sum of the emissions from all UE each transmit antenna connectors. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.5.3 apply.
[bookmark: _Toc21343076][bookmark: _Toc29770042][bookmark: _Toc29799541]6.5D.4	Transmit intermodulation for UL MIMO
For UE supporting UL MIMO, tThe transmit intermodulation requirements are specified at each transmit antenna connector and the wanted signal is defined as the sum of output power at each transmit antenna connector.
For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements specified in clause 6.5.4 apply to each transmit antenna connector. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.5.4 apply.

<End of Change>
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