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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At RAN5 #92-e, the MU for FR2 UL MIMO MPR, SEM and ACLR TCs has been discussed [2]. However, the MU for several other FR2 UL MIMO TCs has not yet been specified. In order to progress these TCs, we share our assessment of the MU.
Discussion
First we clarify the OTA test procedure for UL MIMO TCs and afterwards present the assessment of the MU.
OTA test procedure
Already in the SISO TCs, UEs are allowed to transmit on both polarizations simultaneously as specified in clause 6.1 of TS 38.521-2 [2]:
[bookmark: _Hlk11431326]The UE under test shall be pre-configured with UL Tx diversity schemes disabled to account for single polarization System Simulator (SS) in the test environment. The UE under test may transmit with dual polarization.
Observation 1: The UE is allowed to transmit simultaneously on both polarizations in the SISO TCs.
The test procedures specified in Annex K of TS 38.521-2 [2] for EIRP and TRP are based on the measurement of the rms power on the two polarizations of the electromagnetic field. 
Observation 2: The measurement procedures for EIRP and TRP in Annex K of TS 38.521-2 [2] are based on both polarizations.
Due to considering the sum power of both polarizations, these procedures can be reused for the UL MIMO TCs which use power measurements.
Proposal 1: For TCs using power measurements reuse the measurement procedures for EIRP and TRP already specified in Annex K of TS 38.521-2 [2]. 
Measurement uncertainty
General
From a power measurement perspective, there is no principal difference between an UE transmitting a single layer on two polarizations or two layers. Since simultaneous transmission of a single layer on two polarizations is allowed, the MU assessment of the single layer TCs has already considered dual polarizations and the associated impacts, e.g., on the influence of noise. Therefore, we propose to reuse most of the MU contributors and their values from the SISO TCs except for influence of noise.
[bookmark: _Hlk149222560]Proposal 2: For UL MIMO TCs based on power measurements reuse the MU contributors and their values from the SISO TCs except for the influence of noise.
The influence of noise and relaxation depend on the power levels applied in the TC and have to be assessed on a TC per TC level.
Proposal 3: Assess the influence of noise and the relaxation on a TC per TC level.
As the MU is the same for the UL MIMO and SISO TCs except possibly the influence of noise and since the latter is considered separately in TT calculation, we propose to apply the same TT calculation for an UL MIMO TC as the one of the corresponding SISO TC.
Proposal 4: Reuse the TT formula from the corresponding SISO TCs for the UL MIMO TCs.
In the following, we analyze the influence of noise for MOP EIRP/TRP, MOP spherical, MinOP and Tx OFF power TCs for PC3.
MOP EIRP/TRP
The minimum conformance requirement is specified as follows for UL MIMO MOP EIRP/TRP in TS 38.521-1 [2]:
6.2D.1.1.3.1	UE maximum output power for UL MIMO for power class 1
The following requirements define the maximum output power radiated by the PC1 UE. Requirements apply to UEs when configured for 2-layer transmission as well as when configured for single layer uplink full power transmission (ULFPTx), with configuration per clause 6.2D.1.0.
The minimum peak EIRP requirements are found in Table 6.2D.1.1.3.1-1 below. The period of measurement shall be at least one sub frame (1ms). The requirement is verified with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle). Power class 1 UE is used for fixed wireless access (FWA).
Table 6.2D.1.1.3.1-1: UE minimum peak EIRP for UL MIMO for power class 1
	Operating band
	Min peak EIRP (dBm)

	n257
	40.0

	n258
	40.0

	n260
	38.0

	n261
	40.0

	n262
	34.2

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance.



Table 6.2D.1.1.3.1-2: (void) 
The maximum output power values for TRP and EIRP are found in Table 6.2D.1.1.3.1-3 below for UE with UL MIMO. The maximum allowed EIRP is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam peak direction, Meas=TRP grid) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2D.1.1.3.1-3: UE maximum output power limits for UL MIMO for power class 1
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55

	n258
	35
	55

	n260
	35
	55

	n261
	35
	55

	n262
	35
	55



The minimum EIRP at the 85th percentile of the distribution of radiated power measured over the full sphere around the UE with UL MIMO is defined as the spherical coverage requirement and is found in Table 6.2D.1.1.3.1-4 below. The requirement is verified with the test metric of EIRP (Link=Spherical coverage grid, Meas=Link angle).
Table 6.2D.1.1.3.1-4: UE spherical coverage for UL MIMO for power class 1
	Operating band
	Min EIRP at 85 %-tile CDF (dBm)

	n257
	32.0

	n258
	32.0

	n260
	30.0

	n261
	32.0

	n262
	26.0

	NOTE 1:	Minimum EIRP at 85 %-tile CDF is defined as the lower limit without tolerance.



6.2D.1.1.3.3	UE maximum output power for UL MIMO for power class 3
The following requirements define the maximum output power radiated by the PC3 UE.. Requirements apply to UEs when configured for 2-layer transmission as well as when configured for single layer uplink full power transmission (ULFPTx), with configuration per clause 6.2D.1.0.
The minimum peak EIRP requirements are found in Table 6.2D.1.1.3.3-1 below. The period of measurement shall be at least one sub frame (1 ms). The requirement is verified with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2D.1.1.3.3-1: UE minimum peak EIRP for UL MIMO for power class 3
	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n259
	18.7

	n260
	20.6

	n261
	22.4

	n262
	16.0

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance.
NOTE 2:	Min Peak EIRP refers to the total EIRP for the UL beams peaks.



The maximum output power values for TRP and EIRP are found in Table 6.2D.1.1.3.3-2 below. The maximum allowed EIRP is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam peak direction, Meas=TRP grid) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2D.1.1.3.3-2: UE maximum output power limits for UL MIMO for power class 3
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	n259
	23
	43

	n260
	23
	43

	n261
	23
	43

	n262
	23
	43


[bookmark: _Toc67925925][bookmark: _Toc75273563][bookmark: _Toc76510463][bookmark: _Toc83129618][bookmark: _Toc90591150][bookmark: _Toc98864177][bookmark: _Toc99733426][bookmark: _Toc106577325][bookmark: _Toc114537076][bookmark: _Toc115257344][bookmark: _Toc123086664][bookmark: _Toc123088399][bookmark: _Toc124298055][bookmark: _Toc130574806][bookmark: _Toc131767216][bookmark: _Toc138887802][bookmark: _Toc145920000]
Following excerpt is from TS 38.101-2 V18.3.0 (2023-09) [8]:
6.2D.1.5	UE maximum output power for UL MIMO for power class 5
The following requirements define the maximum output power radiated by the PC4 UE. Requirements apply to UEs configured for 2-layer transmission as well as UEs configured for single layer uplink full power transmission (ULFPTx), with configuration per clause 6.2D.1.0.
The minimum peak EIRP requirements are found in Table 6.2D.1.5-1 below. The period of measurement shall be at least one sub frame (1ms). The requirement is verified with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle). Power class 5 UE is used for fixed wireless access (FWA).
Table 6.2D.1.5-1: UE minimum peak EIRP for UL MIMO for power class 5
	Operating band
	Min peak EIRP (dBm)

	n257
	30

	n258
	30.4

	n259
	27.7

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance



The maximum output power values for TRP and EIRP are found in Table 6.2D.1.5-3 below for UE with UL MIMO. The maximum allowed EIRP is derived from regulatory requirements. The requirements are verified with the test metrics of TRP (Link=TX beam peak direction, Meas=TRP grid) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2D.1.5-2: UE maximum output power limits for UL MIMO for power class 5
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	n259
	23
	43



In comparison to SISO requirements the max TRP and max EIRP are identical for PC1, PC3, and PC5. For the Min peak EIRP, UE multi-band relaxation (MBR) factors for PC3 do not apply in the UL MIMO TCs. However, the impact of the MBR on the influence of noise is negligible. Therefore, we propose to reuse the MU and TT of the SISO MOP EIRP/TRP TC for the UL MIMO EIRP/TRP TC.
Proposal 5: Reuse the MU and TT of the SISO MOP EIRP/TRP TC for the UL MIMO EIRP/TRP TC for PC1, PC3 and PC5.
MOP spherical
The minimum requirement is stated in TS 38.521-2 [2] as follows:
6.2D.1.1.3.1	UE maximum output power for UL MIMO for power class 1
...
The minimum EIRP at the 85th percentile of the distribution of radiated power measured over the full sphere around the UE with UL MIMO is defined as the spherical coverage requirement and is found in Table 6.2D.1.1.3.1-4 below. The requirement is verified with the test metric of EIRP (Link=Spherical coverage grid, Meas=Link angle).
Table 6.2D.1.1.3.1-4: UE spherical coverage for UL MIMO for power class 1
	Operating band
	Min EIRP at 85 %-tile CDF (dBm)

	n257
	32.0

	n258
	32.0

	n260
	30.0

	n261
	32.0

	n262
	26.0

	NOTE 1:	Minimum EIRP at 85 %-tile CDF is defined as the lower limit without tolerance.



6.2D.1.1.3.3	UE maximum output power for UL MIMO for power class 3
…
Table 6.2D.1.1.3.3-3: (void) 
The minimum EIRP at the 50th percentile of the distribution of radiated power measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 6.2D.1.1.3.3-4 below. The requirement is verified with the test metric of EIRP (Link=spherical coverage grid, Meas=Link angle).
Table 6.2D.1.1.3.3-4: UE spherical coverage for UL MIMO for power class 3
	Operating band
	Min EIRP at 50 %-tile CDF (dBm)

	n257
	11.5

	n258
	11.5

	n259
	5.8

	n260
	8

	n261
	11.5

	NOTE 1:	Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance
NOTE 2:	The requirements in this table are only applicable for UE which supports single band in FR2



Following excerpt is from TS 38.101-2 [8]:
6.2D.1.5	UE maximum output power for UL MIMO for power class 5
…
The minimum EIRP at the 85th percentile of the distribution of radiated power measured over the full sphere around the UE with UL MIMO is defined as the spherical coverage requirement and is found in Table 6.2D.1.5-3 below. The requirement is verified with the test metric of EIRP (Link=Spherical coverage grid, Meas=Link angle).
Table 6.2D.1.5-3: UE spherical coverage for UL MIMO for power class 5
	Operating band
	Min EIRP at 85 %-tile CDF (dBm)

	n257
	22

	n258
	22.4

	n259
	19.7

	NOTE 1:	Minimum EIRP at 85 %-tile CDF is defined as the lower limit without tolerance


This is the identical requirement as for the SISO case except that there is no MBR for UL MIMO in PC3. Since the impact of the latter is negligible, we propose to reuse the MU and TT of the SISO MOP spherical TC for the UL MIMO spherical TC.
Proposal 6: Reuse the MU and TT of the SISO MOP spherical TC for the UL MIMO MOP spherical TC for PC1, PC3 and PC5.
Minimum output power
The minimum requirement for UL MIMO reads (TS 38.101-2 [8]):
[bookmark: _Toc21340851][bookmark: _Toc29805298][bookmark: _Toc36456507][bookmark: _Toc36469605][bookmark: _Toc37254014][bookmark: _Toc37322871][bookmark: _Toc37324277][bookmark: _Toc45889800][bookmark: _Toc52196460][bookmark: _Toc52197440][bookmark: _Toc53173163][bookmark: _Toc53173532][bookmark: _Toc61119532][bookmark: _Toc61119914][bookmark: _Toc67925972][bookmark: _Toc75273610][bookmark: _Toc76510510][bookmark: _Toc83129666][bookmark: _Toc90591198][bookmark: _Toc98864228][bookmark: _Toc99733477][bookmark: _Toc106577377][bookmark: _Toc114537128][bookmark: _Toc115257396][bookmark: _Toc123086716][bookmark: _Toc123088451][bookmark: _Toc124298107][bookmark: _Toc130574858][bookmark: _Toc131767268][bookmark: _Toc138887854][bookmark: _Toc145920052]6.3D.1	Minimum output power for UL MIMO
[bookmark: _Toc145920053][bookmark: _Toc21340852][bookmark: _Toc29805299][bookmark: _Toc36456508][bookmark: _Toc36469606][bookmark: _Toc37254015][bookmark: _Toc37322872][bookmark: _Toc37324278][bookmark: _Toc45889801]6.3D.1.0	General
[bookmark: _Toc52196461][bookmark: _Toc52197441][bookmark: _Toc53173164][bookmark: _Toc53173533][bookmark: _Toc61119533][bookmark: _Toc61119915][bookmark: _Toc67925973][bookmark: _Toc75273611][bookmark: _Toc76510511]The minimum output power is defined as the mean power in at least one sub frame (1ms). The minimum controlled output power is defined as the EIRP, i.e. the sum of the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the UE power is set to a minimum value.
[bookmark: _Toc83129667][bookmark: _Toc90591199][bookmark: _Toc98864229][bookmark: _Toc99733478][bookmark: _Toc106577378][bookmark: _Toc114537129][bookmark: _Toc115257397][bookmark: _Toc123086717][bookmark: _Toc123088452][bookmark: _Toc124298108][bookmark: _Toc130574859][bookmark: _Toc131767269][bookmark: _Toc138887855][bookmark: _Toc145920054]6.3D.1.1	Minimum output power for UL MIMO for power class 1
[bookmark: _Toc21340853][bookmark: _Toc29805300][bookmark: _Toc36456509][bookmark: _Toc36469607][bookmark: _Toc37254016][bookmark: _Toc37322873][bookmark: _Toc37324279][bookmark: _Toc45889802][bookmark: _Toc52196462][bookmark: _Toc52197442][bookmark: _Toc53173165][bookmark: _Toc53173534][bookmark: _Toc61119534][bookmark: _Toc61119916][bookmark: _Toc67925974][bookmark: _Toc75273612][bookmark: _Toc76510512]For UE supporting UL MIMO, the minimum output power shall not exceed the sum of the values specified in Table 6.3.1.1-1 and the quantity 10*log10(Number of Layers).
[bookmark: _Toc83129668][bookmark: _Toc90591200][bookmark: _Toc98864230][bookmark: _Toc99733479][bookmark: _Toc106577379][bookmark: _Toc114537130][bookmark: _Toc115257398][bookmark: _Toc123086718][bookmark: _Toc123088453][bookmark: _Toc124298109][bookmark: _Toc130574860][bookmark: _Toc131767270][bookmark: _Toc138887856][bookmark: _Toc145920055]6.3D.1.2	Minimum output power for UL MIMO for power class 2, 3 and 4
minimum output power shall not exceed the sum of the values specified in Table 6.3.1.2-1 and the quantity 10*log10(Number of Layers).
[bookmark: _Toc83129669][bookmark: _Toc90591201][bookmark: _Toc98864231][bookmark: _Toc99733480][bookmark: _Toc106577380][bookmark: _Toc114537131][bookmark: _Toc115257399][bookmark: _Toc123086719][bookmark: _Toc123088454][bookmark: _Toc124298110][bookmark: _Toc130574861][bookmark: _Toc131767271][bookmark: _Toc138887857][bookmark: _Toc145920056]6.3D.1.3	Minimum output power for UL MIMO for power class 5 and 6
For UE supporting UL MIMO, the minimum controlled output power is defined as the EIRP, i.e. the sum of the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the UE power is set to a minimum value. The minimum output power shall not exceed the values specified in Table 6.3.1.3-1. The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).

For single layer transmission 10*log10(Number of Layers) equals to 0 dB and the test of the requirement is covered in the SISO TC.
The MIMO TC is executed in 2 layers resulting in a relaxation of 3 dB compared to the SISO TC. Due to the low power levels of PC3 it is important to consider this 3 dB in the derivation of the relaxation and test tolerance. 
For PC3, SISO the common agreement on the influence of noise is captured in Table B.2.2.27-1 in TR 38.903 [3]:
Table B.2.2.27-1: Uncertainty value for influence of noise for PC3 for IFF
	Test case
	Frequency range
	Noise floor
	Minimum requirement
	Estimated SNRtotal [dB/400MHz]
	Relaxation
	Influence of noise

	Minimum output power
	FR2a
	-10.6dBm/400MHz
	-13dBm
	-2.54 (NOTE 1)
	8.4
	1.0 
(with  relaxation)

	
	FR2b
	-5.5dBm/400MHz
	-13dBm
	-7.64 (NOTE 1)
	13.5
	1.0
(with relaxation)

	NOTE 1:	Estimated SNR is calculated based on agreed influence of noise.



For PC3, MIMO with 2 layers the minimum requirement is -10 dBm. Thus, the relaxation can be reduced by 3 dB for a CHBW of 400 MHz. Since relaxation for 400 MHz is still required, the influence of noise is 1 dB, i.e., the same as for SISO TC. Therefore, the MU for the MIMO and SISO TCs are identical with a value of 6.15 dB for FR2a and FR2b, NTC.
Proposal 7: Apply an influence of noise of 1 dB for UL MIMO minimum output power TC for a channel bandwidth of 400 MHz, PC3, IFF and QoQZ up to 40cm for PC3. 
For the SISO TC the TT has been specified as: 
TT = max(R, ΔSNRmr + 0.65 x (MTSUIFF – 1.0)) - R
We propose to reuse this formula in the MIMO case since the MUs for MIMO and SISO are identical. The resulting TT for FR2a and FR2b for the UL MIMO Minimum Output Power TC are summarized in Tables 1 and 2, respectively.
Table 1: TT and relaxation for MIMO Minimum Output Power in FR2a, PC3, NTC
	CHBW
(MHz)
	SNRtotal
(dB)
	R
(dB)
	SNRmr
(dB)
	TT
(dB)

	50
	9.6
	0.0
	0.45
	3.80

	100
	6.6
	0.0
	0.86
	4.21

	200
	3.6
	2.4
	1.57
	2.52

	400
	0.6
	5.4
	2.72
	0.67




Table 2: TT and relaxation for MIMO Minimum Output Power in FR2b, PC3, NTC
	CHBW
(MHz)
	SNRtotal
(dB)
	R
(dB)
	SNRmr
(dB)
	TT
(dB)

	50
	4.5
	1.5
	1.32
	3.17

	100
	1.5
	4.5
	2.32
	1.17

	200
	-1.5
	7.5
	3.82
	0.00

	400
	-4.5
	10.5
	5.82
	0.00



For PC5, there is no 3dB relaxation in the minimum conformance requirement and the requirements are the same for SISO and MIMO. Thus, we propose to reuse of the SISO minimum output power TC for the UL MIMO minimum output power TC.

Proposal 8: For PC3 and NTC, apply the TT and relaxation of Table 1 and Table 2 for the UL MIMO Minimum Output Power TC. For PC5, reuse the MU and TT of the SISO minimum output power TC for the UL MIMO minimum output power TC.
Tx OFF Power
The minimum conformance for UL MIMO Tx OFF power minimum requirement is specified in TS 38.521-2 [2] as follows:
6.3D.2.3	Minimum conformance requirements
For UE supporting UL MIMO, the transmit OFF power is defined as the TRP in the channel bandwidth when the transmitter is OFF. The transmitter is considered OFF when the UE is not allowed to transmit on any of its ports. During DTX and measurements gaps, the transmitter is not considered OFF. The minimum output power shall not exceed the values specified in Table 6.3.2.3-1. The requirement is verified with the test metric of TRP (Link=TX beam peak direction, Meas=TRP grid).
Thus, the UL MIMO minimum requirement is identical to the SISO requirement and the influence of noise, relaxation and TT can be reused.
Proposal 9: Reuse MU and TT of the SISO Tx OFF Power TC for the corresponding MIMO TC.
Accompanying CR in Ref. [4], updates the editor’s note with respect to the OTA test procedure and the MU & TT in TS 38.521-2. CR in Ref. [5] updates the editor’s notes of the corresponding EN-DC test cases in TS 38.521-3. The associated applicability update is contained in the CR in Ref. [6]. CR in Ref. [7] documents the assessment in TR 38.903. 
Assumptions
	ID
	Description
	Assumption

	#1
	Frequency ranges under consideration
	FR2

	#2
	Size of QZ for IFF 
	40 cm

	#3
	UE power class
	PC3

	#4
	Max EIRP
	EIRP MAX= +43 dBm (rms)

	#5
	Wanted signal PAPR
	13 dB

	#6
	Temperature range of the test equipment
	20°C – 35°C

	#7
	Channel bandwidth
	400 MHz


	Conclusion
In summary, we have assessed the MU for UL MIMO TCs which apply power measurements and make the following observations and proposals:
Observation 1: The UE is allowed to transmit simultaneously on both polarizations in the SISO TCs.
Observation 2: The measurement procedures for EIRP and TRP in Annex K of TS 38.521-2 [2] are based on both polarizations.
Proposal 1: For TCs using power measurements reuse the measurement procedures for EIRP and TRP already specified in Annex K of TS 38.521-2 [2]. 
Proposal 2: For UL MIMO TCs based on power measurements reuse the MU contributors and their values from the SISO TCs except for the influence of noise.
Proposal 3: Assess the influence of noise and the relaxation on a TC per TC level.
Proposal 4: Reuse the TT formula from the corresponding SISO TCs for the UL MIMO TCs.
Proposal 5: Reuse the MU and TT of the SISO MOP EIRP/TRP TC for the UL MIMO EIRP/TRP TC for PC1, PC3 and PC5.
Proposal 6: Reuse the MU and TT of the SISO MOP spherical TC for the UL MIMO MOP spherical TC for PC1, PC3 and PC5.
Proposal 7: Apply an influence of noise of 1 dB for UL MIMO minimum output power TC for a channel bandwidth of 400 MHz, PC3, IFF and QoQZ up to 40cm. 
Proposal 8: For PC3 and NTC, apply the TT and relaxation of Table 1 and Table 2 for the UL MIMO Minimum Output Power TC. For PC5, reuse the MU and TT of the SISO minimum output power TC for the UL MIMO minimum output power TC.
Proposal 9: Reuse MU and TT of the SISO Tx OFF Power TC for the corresponding MIMO TC.
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