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1	Introduction 
The Rel-18 work item on the enhancement of TRP/TRS methodologies and requirements for FR1 includes the following objectives related to TRP of 2Tx UEs [1]:

	(1) Enhancements of TRP TRS test methodology 
· Specify necessary enhancement of the anechoic-chamber based test methodology (i.e. reference test methodology) to support (test methodology defined in TR 38.834 is the baseline):
· UE with NR 2Tx configuration
· [bookmark: _Hlk95478656]Case 1: TxD (i.e., TxD capability supported)
· Case 2: single layer UL-MIMO (i.e., codebook-based capability supported)
· Study proper configuration from UE implementation and test system feasibility perspective
· Define test case applicability for case 1 and case 2
…

(1) Specify TRP TRS requirements and recommended tolerance for UE with NR 2Tx for handheld UE based on enhanced reference test method and defined performance part framework 
· Specify the requirements and test tolerance for UE with SA mode
· Band n41, n77 and n78, as the first priority 
· FDD bands are not precluded 
· SA with 1 CC is the first priority



Having contributed to the RAN4 discussion of this topic in [2], we note the following outcome, as captured in the WF from the RAN4 #105 meeting [3]:

	Issue 1-1-1: Power Class 1.5, general aspect for UL-MIMO and TxD UE capability 
Agreement: 
· For PC1.5 UE, if UE supports both single layer UL-MIMO mode 1 and TxD, then only test UE under one mode. 

Issue 1-1-2: Power Class 2, general aspect for UL-MIMO and TxD UE capability 
Agreement:
· For UE with at least 1 full power PA of 26dBm, then UE shall be verified under 1Tx case only. 
· For UE which support single layer UL-MIMO and/or Tx diversity without full power PA of 26dBm, then UE shall be verified with test method for 2Tx under manufacture declaration. 

Issue 1-1-3: General testing procedure for 2Tx TRP test 
Agreements:
· Enable 2Tx antenna active simultaneously for 2Tx testing as 1st priority.
· Sequential 1Tx test and then sum up with FFS data processing approach can be further studied as 2nd priority.

Issue 1-1-4: UL modulation parameter for single-layer UL-MIMO and TxD TRP test 
Agreements:
· Adopt DFT-s-OFDM QPSK for 2Tx TRP testing, i.e., DFT-s-OFDM QPSK. 

Issue 1-1-5: Proper TPMI-index for UL-MIMO TRP test 
Agreements:
· RAN4 can further study the TPMI index for single-layer UL MIMO TRP testing. 
· TPMI index selection and single TPMI index approaches can be considered
· Dynamic TPMI-index is not precluded.

Issue 1-1-6: Other aspects for UL-MIMO TRP test 
Agreements:
· FFS whether UL MIMO capable devices needs to follow different TRP requirements for coherent and non-coherent implementations. 
· RAN4 can further study the phase difference variation of single-layer UL MIMO TRP test.
· Companies are encouraged to bring data-based study to define the impact of TPMI index selection on the measurement uncertainty and lab repeatability
· Companies are encouraged to bring data-based study to define the impact of single TPMI on the TRP measurement, including the metric’s efficacy

Issue 1-1-7: Test method for TxD 
Agreements:
· Send the LS in R4-2220266 to RAN5 on seeking more information on TxD configuration.

Issue 1-1-8: other aspects for 2Tx 
Agreements:
· FFS whether the MU contribution of 2Tx with different phase variation range should be considered. 




This contribution provides our views on the test methodology for radiated power of UL MIMO capable devices, motivates the proposal with a simulation study and measurement results, and proposes the spherical coverage EIPR metric to be used for the radiated UL MIMO requirement.
2	Discussion 
2.1	Simulation study

In an effort to motivate the proposal to configure the UE with the TPMI that yields the highest EIRP at each test point, we consider a set of simulations which can serve as an illustration of the concept termed “dynamic TPMI” in the last meeting’s WF [3].  The simulations implement as simple 2 Tx RF architecture, where the modulated NR waveform at the two antenna ports can have variable phase shifts to emulate the corresponding TPMI settings.  Table 1 and Figure 1 below illustrate the simulation assumptions.

Table 1: Simulation assumptions
	Parameter
	Value

	Tx1, Tx2 antenna patterns
	Ideal dipole

	Mutual coupling
	Not considered

	Antenna separation
	15 cm

	DUT to probe distance
	3 m

	Path loss
	Free space

	NR signal bandwidth
	100 MHz

	PA and Tx distortion
	Not modeled

	UL MIMO layers
	1
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Figure 1: Geometry of the simulation setup

The simulations are constrained to the azimuth plane in order to illustrate the difference between single TPMI and dynamic TPMI test methods in an intuitive manner.  These simulations do not quantify the eventual integrated EIRP metric from the measured results, since these results are anticpated to be measured in the performance part of the WI.

The first set of simulations considers an azimuth plane cut of the EIRP pattern generated by the 2-Tx UE in the scenario when the TPMI is fixed to index 2.  If we consider no phase drift between the two PAs, then the pattern can be a useful illustration of the spatially varying effect of constructive and destructive superposition of the Tx signals, as shown in Figure 2 below.
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Figure 2: EIRP pattern vs. frequency given fixed TPMI 2

The figure is normalized to the total power applied to the 2-Tx system:  3 dB corresponds to the maximum gain possible, where there is constructive superposition in the transmitted signals, and -3 dB corresponds to the single Tx case, where only one antenna transmits using half of the available 2-Tx total power.

[bookmark: _Toc127435866][bookmark: _Toc127436637][bookmark: _Toc127439580]Observation 1:	No 3dB power gain is observed in regions of constructive superpsition, as DMRS is only added power wise (observed max is approximately 2.3 dB.)

[bookmark: _Toc127435867][bookmark: _Toc127436638][bookmark: _Toc127439581]Observation 2:	Regions of destructive superposition do not exhibit complete nullification, as DMRS is not canceled.  Min power is at -6.69dB only for 5GHz and 6GHz the min is approximately -7dB.

Figure 2 below illustrates the scenario when the optimal selection of Tx phase is made out of the set of {0, 90, 180, 270} degrees, corresponding to the coherent MIMO TPMI indeces 2-5.
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Figure 3: EIRP pattern vs. frequency given best coherent TPMI selection

[bookmark: _Toc127435868][bookmark: _Toc127436639][bookmark: _Toc127439582]Observation 3:	With best coherent TPMI selection, EIRP in all directions is equalized, with max EIRP achieving 2.5 dB gain relative to single Tx, and min EIRP achieving 1.3 dB gain.

Figure 3 below illustrates the scenario when the optimal selection of Tx phase is made out of the set of non-coherent TPMIs (indeces 0, 1, 2).  We note that TPMI 0 and 1 are single-antenna Tx modes.
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Figure 4: EIRP pattern vs. frequency given best non-coherent TPMI selection

[bookmark: _Toc127435869][bookmark: _Toc127436640][bookmark: _Toc127439583]Observation 4:	With best non-coherent TPMI selection, EIRP in some directions achieves 2.5 dB gain and does not drop below -3 dB in directions where one of the single Tx TPMI is selected.


In summary, the simulation results illustrate the overall benefit of selecting the optimal TPMI for each orientation of the DUT, both in the case of coherent and non-coherent UL MIMO.  Extrapolating these results to the full sphere of EIRP measurements, the use of a single fixed TPMI to measure EIRP over the sphere would include directions where the fixed TPMI is a suboptimal choice, leading to significantly lower measured values.  When these values are included in a surface integral of the TRP, the overall result would become an underestimation of the UE’s actual ability to deliver power in an arbitrary direction when using 2 Tx. 

[bookmark: _Toc127435870][bookmark: _Toc127436641][bookmark: _Toc127439584]Observation 5:	For devices capable of UL MIMO, a radiated output power test which uses a single fixed TPMI leads to an underestimation of the UE’s actual ability to deliver power in an arbitrary direction when using 2 Tx.


[bookmark: _Toc118443483][bookmark: _Toc125442145][bookmark: _Toc127435872][bookmark: _Toc127436644][bookmark: _Toc127439587]Proposal 1:	The radiated output power test for UL MIMO capable devices shall select the best TPMI at each EIRP test point.


2.2	UL MIMO  measurement results

Test conditions:

The device(s) under test in this section are equipped with 2 antennas each at bands n78 and n41 respectivelly, EIRP and TRP measurements were realized in a calibrated anechoic chamber with spherical scanning.

Table 2: n78, Antenna(s) and test cases configurations
[image: ]

The Table 3 is the compilation of n78 band measurement results emulating Dynamic TPMI Index. This emulation was achieved with the same DUT tested 3 times adopting full spherical scanning, therefore collecting EIRP at each (theta/phi, with 15° resolution) coordinate. One measurement was done adopting antenna “A” only, other measurement adopting antenna “B” only and the third spherical scanning measurement was done adopting both “A” + “B” antennas transmitting simultaneously.
Table 3 indicates the highest EIRP value among the three measurement configurations in each test coordinate, and the meaning of the color code is:

Antenna “A”, yellow.
Antenna “B”, green.
Antennas “A” + “B”, blue.


Table 3: n78, Non-coherent UL MIMO A&B emulating Dynamic TPMI Index
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Each theta/phi coordinate has a color code based on the highest EIRP in each test condition
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Figure 5: n78, normalzed radiation patterns 
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Light Brown = Antenna “A”, Dark Brown = Antennas “A + B”,  Purple = Antenna “B”, Back = Antennas A&B

Figure 6: n78, normalized CDF of the EIRP measurement results 

Table 4: Summary of n78 TRP results

[image: ]

Table 5: n41, Antenna(s) and test cases configurations

[image: ]

The Table 6 is the compilation of n41 band measurement results emulating Dynamic TPMI Index. This emulation was achieved with the same DUT tested 3 times adopting full spherical scanning, therefore collecting EIRP at each (theta/phi, with 15° resolution) coordinate. One measurement was done adopting antenna “A” only, other measurement adopting antenna “B” only and the third spherical scanning measurement was done adopting both “A” + “B” antennas transmitting simultaneously.
Table 6 indicates the highest EIRP value among the three measurement configurations in each test coordinate, and the meaning of the color code is:

Antenna “A”, yellow.
Antenna “B”, green.
Antennas “A” + “B”, blue.








Table 6: n41, Non-coherent UL MIMO A&B emulating Dynamic TPMI Index
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Each theta/phi coordinate has a color code based on the highest EIRP in each test condition
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Figure 7: n41, normalized radiation patterns 
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Green = Antenna “A”, Dark Blue = Antennas “A + B”,  Yellow = Antenna “B”, Purple = Antennas A&B

Figure 8: n41, normalized CDF of the  EIRP measurement results 
Table 7: Summary of n41 TRP results
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[bookmark: _Toc127435871][bookmark: _Toc127436642][bookmark: _Toc127439585]Observation 6:	EIRP measurement results taken on n41 and n78 devices confirmed the simulation results findings. There’s a substantial improvente in the TRP predicted value while adopting Dynamic TPMI index selection.

[bookmark: _Toc127435873][bookmark: _Toc127436645][bookmark: _Toc127439588]Proposal 2:			While Dynamic TPMI Index selection is not fully supported by CT vendors, such test methodology can be accomplished adopting the following this high level test procedure:
	
[bookmark: _Toc127435874][bookmark: _Toc127436646][bookmark: _Toc127439589]	Step #1: Realize a full spherical scanning radiated power measurements in each antenna individually.
[bookmark: _Toc127435875][bookmark: _Toc127436647][bookmark: _Toc127439590]	Step #2: Realize a full spherical scanning radiated power measurement while all related antennas are transmitting simultaneously.
[bookmark: _Toc127435876][bookmark: _Toc127436648][bookmark: _Toc127439591]		Step #3: Adopting a dedicated script or macro, compile the EIRP results for these three complete spherical scanning measurements determining the highest EIRP for each theta/phi coordinate.
[bookmark: _Toc127435877][bookmark: _Toc127436649][bookmark: _Toc127439592]	Step #4: Adopting the highest spherical coverage EIRP measurement results defined on Step #3, calculate the total spherical coverage radiated power, providing the results in dBm.

[bookmark: _Toc127435878][bookmark: _Toc127436650][bookmark: _Toc127439593]Proposal 3:	Communication Test vendors to define a method to implement Dynamic TPMI Index search for non-coherent UL MIMO measurements. 

2.3	Metric for UL MIMO radiated performance
The approach we have described in this contribution, based on simulation and measurements, has described a method of measuring radiated UL MIMO performance in the presence of the UE perfomring digital beamforming based on best TPMI selection at each EIRP test point.  If RAN4 defines the UL MIMO radiated requirement based on this premise, then the OTA requirement would encourage the design of 2-antenna systems to maximize the overall metric by aiming to deliver >0 dBi in as many directions as possible.

[bookmark: _Toc127436643][bookmark: _Toc127439586]Observation 7:	A radiated UL MIMO requirement based on the assumption that the network can select the best TPMI at each EIRP test point is essentially a radiated verification of a digitally beamformed system.

Following this observation further, we note that the TRP requirement, which is a radiated requirement for passive antenna systems, is no longer the appropriate metric.  Instead, an EIRP spherical coverage metric is the appropriate metric.  The radiated requirements in TS38.101-2 illustrate very well how spherical coverage requirements can be applied to beamformed systems.

[bookmark: _Toc127436651][bookmark: _Toc127439594]Proposal 4:	RAN4 should define a spherical coverage metric to quantify the radiated UL MIMO performance of UEs, assuming the best TPMI is selected at each EIRP test point, with further details on how to select the percentile and pass/fail values FFS.

3	Conclusions
This contribution provides our views on the test methodology for radiated power of UL MIMO capable devices, motivates the proposal with a simulation study and measurement results, and proposes the spherical coverage EIPR metric to be used for the radiated UL MIMO requirement The following observations and proposals are made:

Observation 1:	No 3dB power gain is observed in regions of constructive superpsition, as DMRS is only added power wise (observed max is approximately 2.3 dB.)
Observation 2:	Regions of destructive superposition do not exhibit complete nullification, as DMRS is not canceled.  Min power is at -6.69dB only for 5GHz and 6GHz the min is approximately -7dB.
Observation 3:	With best coherent TPMI selection, EIRP in all directions is equalized, with max EIRP achieving 2.5 dB gain relative to single Tx, and min EIRP achieving 1.3 dB gain.
Observation 4:	With best non-coherent TPMI selection, EIRP in some directions achieves 2.5 dB gain and does not drop below -3 dB in directions where one of the single Tx TPMI is selected.
Observation 5:	For devices capable of UL MIMO, a radiated output power test which uses a single fixed TPMI leads to an underestimation of the UE’s actual ability to deliver power in an arbitrary direction when using 2 Tx.
Observation 6:	EIRP measurement results taken on n41 and n78 devices confirmed the simulation results findings. There’s a substantial improvente in the TRP predicted value while adopting Dynamic TPMI index selection.
Observation 7:	A radiated UL MIMO requirement based on the assumption that the network can select the best TPMI at each EIRP test point is essentially a radiated verification of a digitally beamformed system.


Proposal 1:	The radiated output power test for UL MIMO capable devices shall select the best TPMI at each EIRP test point.
Proposal 2:	  While Dynamic TPMI Index selection is not fully supported by CT vendors, such test methodology can be accomplished adopting the following this high level test procedure:
Step #1: Realize a full spherical scanning radiated power measurements in each antenna individually.
Step #2: Realize a full spherical scanning radiated power measurement while all related antennas are transmitting simultaneously.
Step #3: Adopting a dedicated script or macro, compile the EIRP results for these three complete spherical scanning measurements determining the highest EIRP for each theta/phi coordinate.
Step #4: Adopting the highest spherical coverage EIRP measurement results defined on Step #3, calculate the total spherical coverage radiated power, providing the results in dBm.
Proposal 3:	Communication Test vendors to define a method to implement Dynamic TPMI Index search for non-coherent UL MIMO measurements.
Proposal 4:	RAN4 should define a spherical coverage metric to quantify the radiated UL MIMO performance of UEs, assuming the best TPMI is selected at each EIRP test point, with further details on how to select the percentile and pass/fail values FFS.
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Antenna(s) and test cases configurations Band | Channel | Frequency (MHz)
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Antenna(s) and test cases configurations Band | Channel | Frequency (MHz)| TRP (dBm)
A - Single Tx Baseline (DFT-s-OFDM) 19.91
B - Single Tx Baseline (DFT-s-OFDM) . 178 | 630000 3449 78 14.66 | measured
Non-coherent UL MIMO A+B, Transform Precoder Enable, TPMI=2 (Single Layer, DFT-s-OFDM) 18.36
Non-coherent UL MIMO A &B emulating Dynamic TPMI Index 20.13 | predicted
A UL MIMO TPMI=2 vs. UL MIMO with Dynamic TPMI Index (dB) 1.77
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Antenna(s) and test cases configurations Band | Channel | Frequency (MHz) TRP (dBm)
A - Single Tx Baseline (DFT-s-OFDM) 13.27
B - Single Tx Baseline (DFT-s-OFDM) . na1 | 519000 2595 18 17.94 | measured
Non-coherent UL MIMO A+B, Transform Precoder Enable, TPMI=2 (Single Layer, DFT-s-OFDM) 17.30
Non-coherent UL MIMO A&B emulating Dynamic TPMI Index 18.48 | predicted
A UL MIMO TPMI=2 vs. UL MIMO with Dynamic TPMI Index (dB) 1.18
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