
3GPP TSG-RAN4 Meeting #107	R4-2307209
Incheon, Korea, May 22nd – May 26th, 2023
	CR-Form-v12.2

	CHANGE REQUEST

	

	
	38.101-1
	CR
	1500
	rev
	-
	Current version:
	17.9.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	
	Core Network
	



	

	Title:	
	Update to UL-MIMO requirements (Rel-17)

	
	

	Source to WG:
	Huawei, HiSilicon

	Source to TSG:
	R4

	
	

	Work item code:
	NR_RF_TxD-Core
	
	Date:
	2023-05-01

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-17

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier 													release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
…
Rel-16	(Release 16)
Rel-17	(Release 17)
Rel-18	(Release 18) 
Rel-19	(Release 19)

	
	

	Reason for change:
	This CR implements the propoals in document R4-2307208.
1. Single antenna port transmission is based on precoding matrix W=1 only in 6.2D. The same clarification is needed in other sections.
2. [bookmark: _GoBack]In UL-MIMO test cases, single carrrier requirements in 6.3, 6.4 and 6.5 are refered to for single carrier transmission, which is not accurate for UEs supporting TxD. 6.3G, 6.4G and 6.5G shall also be mentioned.
3. For UEs supporting UL-MIMO, the power measurement is clearly specified as sum of both antennas. The same description is also needed for UEs supporting ULFPTx..

	
	

	Summary of change:
	1. Clarifying single antenna port transmission is based on precoding matrix W=1 in 6.3D, 6.4D and 6.5D.
2. Clarifying requirements in 6.3G, 6.4G and 6.5G shall apply for single antenna port transmission if UE supports TxD.
3. Clarifying requirements of ULFPTx with PUSCH configuration in Table 6.2D.1-3 are measured as sum of both antenna connectors.

	
	

	Consequences if not approved:
	Ambiguity remains in the requirements for UL-MIMO.

	
	

	Clauses affected:
	6.2D.1, 6.2D.2, 6.2D.3, 6.2D.4, 6.2H.1.2, 6.2H.1.3, 6.3D.1, 6.3D.2, 6.3D.3, 6.3D.4, 6.3H.1.1, 6.3H.1.2, 6.3H.1.3, 6.3H.1.4, 6.4D.0, 6.4D.1, 6.4D.2, 6.4H.1.2.0, 6.5D.1, 6.5D.2, 6.5D.3, 6.5D.4, 6.5H.1.1, 6.5H.1.2, 6.5H.1.3, 6.5H.1.4

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications	
	TS/TR ... CR ...

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ...

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	

	This CR's revision history:
	



Page 1



<Unchanged Text Skipped>

[bookmark: _Toc21344281][bookmark: _Toc29801767][bookmark: _Toc29802191][bookmark: _Toc29802816][bookmark: _Toc36107558][bookmark: _Toc37251324][bookmark: _Toc45888139][bookmark: _Toc45888738][bookmark: _Toc61367383][bookmark: _Toc61372766][bookmark: _Toc68230707][bookmark: _Toc69084120][bookmark: _Toc75467130][bookmark: _Toc76509152][bookmark: _Toc76718142][bookmark: _Toc83580452][bookmark: _Toc84404961][bookmark: _Toc84413570]6.2D	Transmitter power for UL MIMO
[bookmark: _Toc21344282][bookmark: _Toc29801768][bookmark: _Toc29802192][bookmark: _Toc29802817][bookmark: _Toc36107559][bookmark: _Toc37251325][bookmark: _Toc45888140][bookmark: _Toc45888739][bookmark: _Toc61367384][bookmark: _Toc61372767][bookmark: _Toc68230708][bookmark: _Toc69084121][bookmark: _Toc75467131][bookmark: _Toc76509153][bookmark: _Toc76718143][bookmark: _Toc83580453][bookmark: _Toc84404962][bookmark: _Toc84413571]6.2D.1	UE maximum output power for UL MIMO
For 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 defined as the sum of the maximum output power from both UE antenna connectors. 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 codebook-based transmission with precoding matrix  of W=[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
	NR band
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n1
	
	
	
	
	23
	+2/-3
	
	

	n2
	
	
	
	
	23
	+2/-31
	
	

	n3
	
	
	
	
	23
	+2/-31
	
	

	n7
	
	
	
	
	23
	+2/-31
	
	

	n24
	
	
	
	
	23
	+2/-41
	
	

	n25
	
	
	
	
	23
	+2/-31
	
	

	n30
	
	
	
	
	23
	+2/-3
	
	

	n34
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n38
	
	
	
	
	23
	+2/-3
	
	

	n39
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n40
	
	
	26
	+2/-31
	23
	+2/-3
	
	

	n41
	29
	+2/-31
	26
	+2/-31
	23
	+2/-31
	
	

	n48
	
	
	
	
	23
	+2/-3
	
	

	n66
	
	
	
	
	23
	+2/-3
	
	

	n70
	
	
	
	
	23
	+2/-3
	
	

	n71
	
	
	
	
	23
	+2/-3
	
	

	n77
	29
	+2/-3
	26
	+2/-3
	23
	+2/-3
	
	

	n78
	29
	+2/-3
	26
	+2/-3
	23
	+2/-3
	
	

	n79
	29
	+2/-3
	26
	+2/-3
	23
	+2/-3
	
	

	n80
	
	
	
	
	23
	+2/-31
	
	

	n84
	
	
	
	
	23
	+2/-3
	
	

	n95
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n97
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n98
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n99
	
	
	
	
	23
	+2/-41
	
	

	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 
	Number of layers
	TPMI index

	Codebook based uplink
	DCI format 0_1
	2
	0

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.



For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power requirements specified in Table 6.2D.1-1 shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. For UE supporting uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power is defined as the sum of the maximum output power from both UE antenna connectors. The period of measurement shall be at least one sub frame (1 ms).
Table 6.2D.1-3: PUSCH Configuration for uplink full power transmission (ULFPTx)
	ULFPTx Mode
	Transmission scheme
	DCI format 
	Modulation
	Number of layers
	Number of Tx Port
	TPMI index

	Mode-1
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM NOTE3
	1
	2
	2

	Mode-2
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0 or 1NOTE2

	Mode-full power
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0,1

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.
NOTE 2:	TPMI index selected shall be based upon the full power TPMI reported by the UE [8, TS 38.213].
NOTE 3:	For PUSCH configured with ul-FullPowerTransmission set to fullpowerMode1, all the transmitter requirement for CP-OFDM based modulation does not need to be verified if the requirements for 2-layer UL MIMO according to Table 6.2D.1-2 has been verified.



[bookmark: _Hlk127537071][bookmark: _Toc21344283][bookmark: _Toc29801769][bookmark: _Toc29802193][bookmark: _Toc29802818][bookmark: _Toc36107560][bookmark: _Toc37251326][bookmark: _Toc45888141][bookmark: _Toc45888740][bookmark: _Toc61367385][bookmark: _Toc61372768][bookmark: _Toc68230709][bookmark: _Toc69084122][bookmark: _Toc75467132][bookmark: _Toc76509154][bookmark: _Toc76718144]If the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.2 apply for at least one antenna connector for the power class as indicated by the ue-PowerClass field in capability signalling with the following exception: for UEs indicating txDiversity-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass. 
A UE indicating the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211].

[bookmark: _Toc83580454][bookmark: _Toc84404963][bookmark: _Toc84413572]6.2D.2	UE maximum output power reduction for UL MIMO
[bookmark: _Toc21344284][bookmark: _Toc29801770][bookmark: _Toc29802194][bookmark: _Toc29802819][bookmark: _Toc36107561][bookmark: _Toc37251327][bookmark: _Toc45888142][bookmark: _Toc45888741][bookmark: _Toc61367386][bookmark: _Toc61372769][bookmark: _Toc68230710][bookmark: _Toc69084123][bookmark: _Toc75467133][bookmark: _Toc76509155][bookmark: _Toc76718145][bookmark: _Toc83580455][bookmark: _Toc84404964][bookmark: _Toc84413573][bookmark: _Hlk112058549]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 6.2.2-1for PC3, Table 6.2D.2-1 for 2Tx PC2 when the UE does not indicate ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for the band and Table 6.2.2-2 for 2Tx PC2 when the UE indicates ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for the band, Table 6.2D.2-2 and Table 6.2D.2-3 for PC1.5 respectively. For UE power class 1.5, the allowed maximum power reduction (MPR) defined in Table 6.2D.2-3 is in accordance with the indicated modifiedMPR-Behavior specified in Table L.1-1 for channel bandwidths ≤ 100 MHz. The requirements shall be met with UL MIMO configurations defined in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is defined as the sum of the maximum output power from both UE antenna connectors.
[bookmark: _Hlk103777762]For UE support uplink full power transmission (ULFPTx) for UL MIMO except the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, the allowed MPR for the maximum output power in Table 6.2D.1-1 is specified in Table 6.2.2-1 for PC3, Table 6.2D.2-1 when TxD is indicated and Table 6.2.2-2  when TxD is not indicated for PC2 , Table 6.2D.2-2 and Table 6.2D.2-3 for PC1.5 respectively, and the requirements shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. A UE indicating the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the maximum output power requirement with MPR according to clause 6.2.2. When a UE that indicates PC1.5 for a given band is limited to PC2 by the rules in clause 6.2.1, the MPR requirements in Table 6.2.2-2 apply. For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power is defined as the sum of the maximum output power from both UE antenna connectors.
The same MPR requirements shall be applicable to UE with 1-layer UL MIMO transmission (either with or without ULPFTx) as with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of[image: ].
For the UE maximum output power modified by MPR, the power limits specified in clause 6.2D.4 apply.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the corresponding requirements in clause 6.2D.1 apply for the power class as indicated by the ue-PowerClass field in capability signaling. A UE indicating the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the requirement in clause 6.2 with MPR according to clause 6.2.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port with precoding matrix W=1 [6.3.1.5 TS 38.211],.
Table 6.2D.2-1 Maximum power reduction (MPR) for power class 2 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	≤ 3.5
	≤ 1
	0

	
	QPSK
	≤ 3.5
	≤ 2
	0.5

	
	16 QAM
	≤ 3.5
	≤ 2.5
	≤ 1.5

	
	64 QAM
	≤ 3.5
	≤ 3

	
	256 QAM
	≤ 5.5

	CP-OFDM 
	QPSK
	≤ 4.0
	≤ 3.5
	≤ 2

	
	16 QAM
	≤ 4.0
	≤ 3.5
	≤ 2.5

	
	64 QAM
	≤ 4.5

	
	256 QAM
	≤ 8.0



Table 6.2D.2-2 Maximum power reduction (MPR) for power class 1.5 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ [2]
	≤ 0.5

	
	QPSK
	≤ 6.5
	≤ [2.5]
	≤ 0.5

	
	16 QAM
	≤ 6.5
	≤ [3.5]
	≤ 1.5

	
	64 QAM
	≤ 6.5
	≤ [4]
	≤ 3.5

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ [6.5]

	CP-OFDM
	QPSK
	≤ 6.5
	≤ [4.5]
	≤ 2

	
	16 QAM
	≤ 6.5
	≤ [4.5]
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ [5]
	≤ 4.5

	
	256 QAM
	≤ 8.5
	≤ 8.5
	≤ [8.5]



Table 6.2D.2-3 Maximum power reduction (MPR) for power class 1.5 with dual Tx 
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ 1.5
	≤ 0

	
	QPSK
	≤ 6.5
	≤ 2
	≤ 0

	
	16 QAM
	≤ 6.5
	≤ 3
	≤ 1

	
	64 QAM
	≤ 6.5
	≤ 3.5
	≤ 3

	
	256 QAM
	≤ 6.5
	≤ 5.5
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 6.5
	≤ 4
	≤ 1.5

	
	16 QAM
	≤ 6.5
	≤ 4
	≤ 2

	
	64 QAM
	≤ 6.5
	≤ 4.5
	≤ 4

	
	256 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	NOTE 1:	This table is targeted to large FWA form factor with 20 dB or above antenna isolation.



Inner, outer and edge allocations are as defined in section 6.2.2 except for 	PC1.5 edge allocations which is for LCRB ≤ 4 RBs instead of LCRB ≤ 2 RBs for other power classes.
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, the maximum output power is defined as the sum of the maximum output power from both UE antenna connector. Unless stated otherwise, an A-MPR of 0 dB shall be used.
For UE support uplink full power transmission (ULFPTx) for UL MIMO, 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 PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power is defined as the sum of the maximum output power from both UE antenna connector.
For the UE maximum output power modified by A-MPR, the power limits specified in clause 6.2D.4 apply.
[bookmark: _Toc21344285][bookmark: _Toc29801771][bookmark: _Toc29802195][bookmark: _Toc29802820][bookmark: _Toc36107562][bookmark: _Toc37251328][bookmark: _Toc45888143][bookmark: _Toc45888742][bookmark: _Toc61367387][bookmark: _Toc61372770][bookmark: _Toc68230711][bookmark: _Toc69084124][bookmark: _Toc75467134][bookmark: _Toc76509156][bookmark: _Toc76718146][bookmark: _Toc83580456][bookmark: _Toc84404965][bookmark: _Toc84413574]If the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook-based transmission, the corresponding requirements in clause 6.2D.1 apply for the power class as indicated by the ue-PowerClass field in capability signaling. A UE indicating the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the requirement in clause 6.2 for at least one connector with A-MPR according to clause 6.2.3 when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port with precoding matrix W=1 [6.3.1.5 TS 38.211].
6.2D.4	Configured transmitted power for UL MIMO
For UE supporting UL MIMO, the 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 6.2.4 unless otherwise stated;
-	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 multiplexing 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.
For UE support uplink full power transmission (ULFPTx) for UL MIMO, the tolerance is specified in Table 6.2D.4-1. The requirements shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode.
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)

	23 ≤ PCMAX,c ≤ 29
	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 the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook-based transmission, the corresponding requirements in clause 6.2D.1 apply for the power class as indicated by the ue-PowerClass field in capability signaling.

<Unchanged Text Skipped>
6.2H.1.2	UE maximum output power reduction for intra-band UL contiguous CA with UL MIMO
For intra-band UL contiguous CA and 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 6.2H.1.1-1 is specified in Table 6.2A.2.1-1, Table 6.2A.2.1-2 for power class 3 CA; Table 6.2A.2.1-1b, Table 6.2A.2.1-4 for power class 2 CA.
The requirements shall be met with UL MIMO configurations defined in Table 6.2D.1-2 and 6.2D.1-3 for 2 layer configuration and ULFPTx configuration respectively.  For the UE maximum output power modified by MPR, the power limits specified in clause 6.2H.1.4 apply.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.2A.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signaling.
[bookmark: _Toc83580499][bookmark: _Toc84405008][bookmark: _Toc84413617]6.2H.1.3	UE additional maximum output power reduction for intra-band UL contiguous CA with UL MIMO
For intra-band UL contiguous CA and UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the A-MPR values specified in clause 6.2A.3 shall apply to the maximum output power specified in Table 6.2H.1.1-1. The requirements shall be met with UL MIMO configurations defined in Table 6.2D.1-2 and 6.2D.1-3 for 2 layer configuration and ULFPTx configuration respectively. 
For the UE maximum output power modified by A-MPR, the power limits specified in clause 6.2H.1.4 apply.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.2 A.3.1 apply for the power class as indicated by the ue-PowerClass field in capability signaling.

<Unchanged Text Skipped>
[bookmark: _Toc45888212][bookmark: _Toc45888811][bookmark: _Toc61367476][bookmark: _Toc61372859][bookmark: _Toc68230806][bookmark: _Toc69084219][bookmark: _Toc75467229][bookmark: _Toc76509251][bookmark: _Toc76718241][bookmark: _Toc83580562][bookmark: _Toc84405071][bookmark: _Toc84413680]6.3D	Output power dynamics for UL MIMO
[bookmark: _Toc21344322][bookmark: _Toc29801808][bookmark: _Toc29802232][bookmark: _Toc29802857][bookmark: _Toc36107599][bookmark: _Toc37251365][bookmark: _Toc45888213][bookmark: _Toc45888812][bookmark: _Toc61367477][bookmark: _Toc61372860][bookmark: _Toc68230807][bookmark: _Toc69084220][bookmark: _Toc75467230][bookmark: _Toc76509252][bookmark: _Toc76718242][bookmark: _Toc83580563][bookmark: _Toc84405072][bookmark: _Toc84413681]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 from both 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 scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.3.1 apply when TxD is not indicated, and the requirements in clause 6.3G.1 apply when TxD is indicated.
[bookmark: _Toc21344323][bookmark: _Toc29801809][bookmark: _Toc29802233][bookmark: _Toc29802858][bookmark: _Toc36107600][bookmark: _Toc37251366][bookmark: _Toc45888214][bookmark: _Toc45888813][bookmark: _Toc61367478][bookmark: _Toc61372861][bookmark: _Toc68230808][bookmark: _Toc69084221][bookmark: _Toc75467231][bookmark: _Toc76509253][bookmark: _Toc76718243][bookmark: _Toc83580564][bookmark: _Toc84405073][bookmark: _Toc84413682]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: _Toc21344324][bookmark: _Toc29801810][bookmark: _Toc29802234][bookmark: _Toc29802859][bookmark: _Toc36107601][bookmark: _Toc37251367][bookmark: _Toc45888215][bookmark: _Toc45888814][bookmark: _Toc61367479][bookmark: _Toc61372862][bookmark: _Toc68230809][bookmark: _Toc69084222][bookmark: _Toc75467232][bookmark: _Toc76509254][bookmark: _Toc76718244][bookmark: _Toc83580565][bookmark: _Toc84405074][bookmark: _Toc84413683]6.3D.3	Transmit ON/OFF time mask for UL MIMO
For UE supporting UL MIMO, the 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 scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.3.3 apply when TxD is not indicated, and the requirements in clause 6.3G.3 apply when TxD is indicated.
[bookmark: _Toc21344325][bookmark: _Toc29801811][bookmark: _Toc29802235][bookmark: _Toc29802860][bookmark: _Toc36107602][bookmark: _Toc37251368][bookmark: _Toc45888216][bookmark: _Toc45888815][bookmark: _Toc61367480][bookmark: _Toc61372863][bookmark: _Toc68230810][bookmark: _Toc69084223][bookmark: _Toc75467233][bookmark: _Toc76509255][bookmark: _Toc76718245][bookmark: _Toc83580566][bookmark: _Toc84405075][bookmark: _Toc84413684]6.3D.4	Power control for UL MIMO
For UE supporting UL MIMO, the power control tolerance applies to the sum of output powers from both 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 scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.3.4 apply when TxD is not indicated, and the requirements in clause 6.3G.4 apply when TxD is indicated.

<Unchanged Text Skipped>
6.3H.1	Output power dynamics for intra-band UL contiguous CA with UL MIMO
[bookmark: _Toc83580602][bookmark: _Toc84405111][bookmark: _Toc84413720]6.3H.1.1	Minimum output power for intra-band UL contiguous CA with UL MIMO 
For intra-band UL contiguous CA and 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 from both transmit connector in one sub-frame (1 ms) on each CC. The minimum output power shall not exceed the values specified in clause 6.3A.1.1.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.3A.1 apply.
[bookmark: _Toc83580603][bookmark: _Toc84405112][bookmark: _Toc84413721]6.3H.1.2	Transmit OFF power for intra-band UL contiguous CA with 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 on each CC shall not exceed the values specified in clause 6.3A.2.1.
[bookmark: _Toc83580604][bookmark: _Toc84405113][bookmark: _Toc84413722]6.3H.1.3	Transmit ON/OFF time mask for intra-band UL contiguous CA with UL MIMO
For UE supporting intra-band UL contiguous CA and UL MIMO, the ON/OFF time mask requirements in clause 6.3A.3.1 apply at each transmit antenna connector on each CC. The requirements shall be met with the UL MIMO configurations described in clause 6.2H.1.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.3A.3 apply.
[bookmark: _Toc83580605][bookmark: _Toc84405114][bookmark: _Toc84413723]6.3H.1.4	Power control for intra-band UL contiguous CA with UL MIMO
For UE supporting intra-band UL contiguous CA and UL MIMO, the power control tolerance in clause 6.3A.4.1 applies to the sum of output powers from both transmit antenna connector on each CC. The requirements shall be met with UL MIMO configurations described in clause 6.2H.1.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.3A.4 apply.


<Unchanged Text Skipped>
6.4D.0	General
For a UE supporting UL MIMO, the requirements in this section are defined per layer or as the sum of emissions from both antennas to account for the UL MIMO scheme.
Alternatively, when applicable, requirements may be verified per antenna connector using an UL MIMO transmission with codebook of[image: ] and a configuration defined in Table 6.4D.0-1.
Table 6.4D.0-1: UL MIMO configuration for per connector measurements
	Transmission scheme
	DCI format
	Codebook Index

	 Codebook based uplink
	DCI format 0_1
	Codebook index 0



[bookmark: _Toc21344344][bookmark: _Toc29801830][bookmark: _Toc29802254][bookmark: _Toc29802879][bookmark: _Toc36107621][bookmark: _Toc37251387][bookmark: _Toc45888256][bookmark: _Toc45888855][bookmark: _Toc61367536][bookmark: _Toc61372919][bookmark: _Toc68230867][bookmark: _Toc69084280][bookmark: _Toc75467290][bookmark: _Toc76509312][bookmark: _Toc76718302][bookmark: _Toc83580633][bookmark: _Toc84405142][bookmark: _Toc84413751]6.4D.1	Frequency error for UL MIMO
[bookmark: _Toc21344345]For UE(s) supporting UL MIMO, the basic measurement interval of modulated carrier frequency is 1 UL slot.  The mean value of basic measurements of UE modulated carrier frequency per layer 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: _Toc29801831][bookmark: _Toc29802255][bookmark: _Toc29802880][bookmark: _Toc36107622][bookmark: _Toc37251388][bookmark: _Toc45888257][bookmark: _Toc45888856][bookmark: _Toc61367537][bookmark: _Toc61372920][bookmark: _Toc68230868][bookmark: _Toc69084281][bookmark: _Toc75467291][bookmark: _Toc76509313][bookmark: _Toc76718303][bookmark: _Toc83580634][bookmark: _Toc84405143][bookmark: _Toc84413752]6.4D.2	Transmit modulation quality for UL MIMO
6.4D.2.0	General
For UE supporting UL MIMO, the transmit modulation quality requirements are specified based on measurements made at each transmit antenna connector.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.4.2 apply when TxD is not indicated, and the requirements in clause 6.4G.2 apply when TxD is indicated.
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 the parameter txDirectCurrentLocation in UplinkTxDirectCurrentList 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.
<Unchanged Text Skipped>

6.4H.1.2	Transmit modulation quality for intra-band UL contiguous CA with UL MIMO
6.4H.1.2.0	General
For UE supporting intra-band UL contiguous CA and UL MIMO, the transmit modulation quality requirements are specified based on measurements made at each transmit antenna connector on each CC.
The requirements in this clause apply with PCC and SCC in the UL configured and activated: PCC with PRB allocation and SCC without PRB allocation and without CSI reporting and SRS configured.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.4A.2 apply.
The transmit modulation quality requirements listed below shall be met with UL MIMO configurations specified in Table 6.2D.1-2.
For all Transmit modulation quality requirements the Carrier leakage frequency is indicted by the UE with IE UplinkTxDirectCurrentTwoCarrierList-r16 or UplinkTxDirectCurrentMoreCarrierList-r17 or UplinkTxDirectCurrentList. In case the parameter 3300 or 3301 is reported from UE via the parametersin UplinkTxDirectCurrentList IE (as defined in TS 38.331 [7]) or UE does not indicate the DC location parameters, carrier leakage measurement requirement in clause 6.4H.1.2.2 and 6.4H.1.2.3 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.


<Unchanged Text Skipped>

[bookmark: _Toc45888351][bookmark: _Toc45888950][bookmark: _Toc61367648][bookmark: _Toc61373031][bookmark: _Toc68230980][bookmark: _Toc69084393][bookmark: _Toc75467403][bookmark: _Toc76509425][bookmark: _Toc76718415][bookmark: _Toc83580753][bookmark: _Toc84405262][bookmark: _Toc84413871]6.5D	Output RF spectrum emissions for UL MIMO
[bookmark: _Toc21344420][bookmark: _Toc29801907][bookmark: _Toc29802331][bookmark: _Toc29802956][bookmark: _Toc36107698][bookmark: _Toc37251472][bookmark: _Toc45888352][bookmark: _Toc45888951][bookmark: _Toc61367649][bookmark: _Toc61373032][bookmark: _Toc68230981][bookmark: _Toc69084394][bookmark: _Toc75467404][bookmark: _Toc76509426][bookmark: _Toc76718416][bookmark: _Toc83580754][bookmark: _Toc84405263][bookmark: _Toc84413872]6.5D.1	Occupied bandwidth for UL MIMO
For UE supporting UL MIMO, the requirements for occupied bandwidth apply to  the sum of the powers from both UE transmit antenna connectors. 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 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 scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5.1 apply when TxD is not indicated, and the requirements in clause 6.5G.1 apply when TxD is indicated.
[bookmark: _Toc21344421][bookmark: _Toc29801908][bookmark: _Toc29802332][bookmark: _Toc29802957][bookmark: _Toc36107699][bookmark: _Toc37251473][bookmark: _Toc45888353][bookmark: _Toc45888952][bookmark: _Toc61367650][bookmark: _Toc61373033][bookmark: _Toc68230982][bookmark: _Toc69084395][bookmark: _Toc75467405][bookmark: _Toc76509427][bookmark: _Toc76718417][bookmark: _Toc83580755][bookmark: _Toc84405264][bookmark: _Toc84413873]6.5D.2	Out of band emission for UL MIMO
For UE supporting UL MIMO or uplink full power transmission (ULFPTx) for UL MIMO, the requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters is defined as the sum of the emissions from both UE transmit antenna connectors.
For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclasuse 6.5.2 apply. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
For UE support uplink full power transmission (ULFPTx) for UL MIMO, the requirements in clause 6.5.2 shall apply. The requirements shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5.2 apply when TxD is not indicated, and the requirements in clause 6.5G.2 apply when TxD is indicated.
[bookmark: _Toc21344422][bookmark: _Toc29801909][bookmark: _Toc29802333][bookmark: _Toc29802958][bookmark: _Toc36107700][bookmark: _Toc37251474][bookmark: _Toc45888354][bookmark: _Toc45888953][bookmark: _Toc61367651][bookmark: _Toc61373034][bookmark: _Toc68230983][bookmark: _Toc69084396][bookmark: _Toc75467406][bookmark: _Toc76509428][bookmark: _Toc76718418][bookmark: _Toc83580756][bookmark: _Toc84405265][bookmark: _Toc84413874]6.5D.3	Spurious emission for UL MIMO
For UE supporting UL MIMO or uplink full power transmission (ULFPTx) for UL MIMO, the requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products is defined as the sum of the emissions from both UE 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. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
For UE support uplink full power transmission (ULFPTx) for UL MIMO, the requirements in clause 6.5.3 shall apply. The requirements shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5.3 apply when TxD is not indicated, and the requirements in clause 6.5G.3 apply when TxD is indicated.
[bookmark: _Toc21344423][bookmark: _Toc29801910][bookmark: _Toc29802334][bookmark: _Toc29802959][bookmark: _Toc36107701][bookmark: _Toc37251475][bookmark: _Toc45888355][bookmark: _Toc45888954][bookmark: _Toc61367652][bookmark: _Toc61373035][bookmark: _Toc68230984][bookmark: _Toc69084397][bookmark: _Toc75467407][bookmark: _Toc76509429][bookmark: _Toc76718419][bookmark: _Toc83580757][bookmark: _Toc84405266][bookmark: _Toc84413875]6.5D.4	Transmit intermodulation for UL MIMO
For UE supporting UL MIMO, the transmit intermodulation requirements are specified at each transmit antenna connector and the wanted signal is defined as the sum of output powers from both UE transmit antenna connectors.
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 scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5.4 apply when TxD is not indicated, and the requirements in clause 6.5G.4 apply when TxD is indicated.


<Unchanged Text Skipped>
6.5H.1	Output RF spectrum emissions for intra-band UL contiguous CA with UL MIMO
[bookmark: _Toc83580810][bookmark: _Toc84405319][bookmark: _Toc84413928]6.5H.1.1	Occupied bandwidth for intra-band UL contiguous CA with UL MIMO
For UE supporting intra-band UL contiguous CA and UL MIMO, the requirements for occupied bandwidth specified in clause 6.5A.1.1a apply to the sum of the powers from both UE transmit antenna connectors and all UL CCs. The requirements shall be met with UL MIMO configurations described in clause 6.2H.1.1.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5A.1.1.1a apply.
[bookmark: _Toc83580811][bookmark: _Toc84405320][bookmark: _Toc84413929]6.5H.1.2	Out of band emission for intra-band UL contiguous CA with UL MIMO
For UE supporting intra-band UL contiguous CA and UL MIMO, the requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters is defined as the sum of the emissions from both UE transmit antenna connectors and all UL CCs, the requirements in subclasuse 6.5A.2.2.1, 6.5A.2.3.1 and 6.5A.2.4.1.1  apply. The requirements shall be met with UL MIMO configurations described in clause 6.2H.1.1.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5A.2.2.1, 6.5A.2.3.1 and 6.5A.2.4.1.1 apply.
6.5H.1.3	 Spurious emission for intra-band UL contiguous CA with UL MIMO
For UE supporting intra-band UL contiguous CA and UL MIMO, the requirements for Spurious emissions is defined as the sum of the emissions from both UE transmit antenna connectors and all UL CCs, the requirements specified in subclasuse 6.5A.3.1, 6.5A.3.2.1 and 6.5A.3.3.1 apply. The requirements shall be met with the UL MIMO configurations described in clause 6.2H.1.1.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5A.3.1, 6.5A.3.2.1 and 6.5A.3.3.1 apply.
[bookmark: _Toc83580812][bookmark: _Toc84405321][bookmark: _Toc84413930]6.5H.1.4	Transmit intermodulation for intra-band UL contiguous CA with UL MIMO
For UE supporting intra-band UL contiguous CA and UL MIMO, the transmit intermodulation requirements are specified at each transmit antenna connector and the wanted signal is defined as the sum of output powers from both UE transmit antenna connectors, the requirements specified in clause 6.5A.4.2.1 apply. The requirements shall be met with the UL MIMO configurations described in clause 6.2H.1.1.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.5A.4.2.1 apply.



<End of Changes >
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