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1 Introduction 
In the previous RAN4 meeting it was agreed on [1] that the test methodology based on sweep TPMI Index Options 1a, 1b, 2, 3 and 4 should be further evaluated and compared based on a criteria table defined as follows:
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2 Criteria analysis

In this contribution each item of the criteria table on [1] is individually analyzed as follows.
2.1 Testing time (calculated based on R4-2311672), considering multiple AC stabilization times.

The test time prediction on Table 1 was calculated based on the premises defined in [2]. 
The Anechoic Chamber stabilization time adopted in these calculations are based on System Integrators feedback and represents diverse anechoic chamber implementations from 0.5 seconds stabilization time up to 2 seconds as also discussed on [5,6].
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Table 1, simulation of test time based on AC stabilization, number of channels and number of TPMI index tested. 

Comparing options which test 2 TPMI indices (Option 1b) and 4 TPMI Indices (Option 1a, 2, 3 and 4) the difference in absolute test time is negligible when considering 0.5 seconds difference in stabilization time. As color highlighted in Table 1, the difference in test time (1 channel) between Option 1b (2 x TPMI) and Options testing 4 x TPMIs, is around 16 s between AC with 0.5s difference in stabilization time. 
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2.2 Performance metric consistency

Despite the fundamental differences on post-processing, the Options 1a and 2 shares an established performance metric based on TRP, i.e.: the surface integral of Effective Isotropic Radiated Power (EiRP) over Vertical & Horizontal polarizations from each spherical scanning coordinates.
Options 3 and 4 are based on the average of EiRP or TRP respectively, adopting a radiation pattern weighting factor which value is TBD.
Proposal 2: 	For coherent UL MIMO devices, RAN4 should select Options where the performance metric is based on current definitions of Total Radiated Power (TRP) and without radiation pattern weighting.

2.3 Regulatory impact
The regulatory impact based on the RAN4 decision in how to determine a post-processing method to calculate TRP based on swept TPMI indexes data is unknown. Such information can be officially gathered with each Regulatory organization impacted by this RAN4 definition. 3GPP has mechanisms in place for such consult. 
Option 2 is the only option capable to generate the side conditions related to TRP for coherent UL MIMO (namely UE orientation and best TPMI index selection). 
This is similar how FR2 specifies TRP under the side condition in the beam-peak direction [13], i.e.:
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Proposal 3: 	Option 2 is the only metric appropriate for regulatory requirement. Further discussions on implications related to regulatory requirements are needed. 


2.4 Statistical properties
The basic statistical properties of data can be defined as follows:
· Sufficiency of a statistic refers to whether or not it makes use of all the information contained in a sample to estimate its corresponding parameter.
· Unbiasedness refers to how well a sample statistic represents its associated population parameter.
· Efficiency refers to how much a statistic can change from sample to sample. An efficient statistic does not change.
· Resistance refers to how resistant a statistic is to outliers (extreme scores).

Observation 5: 	The options that consider the complete dataset based on all available TPMI indices and full spherical scanning fulfil the basic statistical properties requirements. Averaging across TPMI (Option 1), reduced number of TPMI indices (Option 1b), or arbitrarily weighting on the radiation pattern (Options 3 and 4) can fail to fulfil sufficiency, unbiasedness, and resistance properties of statistical data. 
Options 1a, 1b, 3 and 4 are not a complete selection of possible x4 TPMI indices as specified by 3GPP. Additionally, these options relate the UL power to an average of TMPI indices, which is not a possible network UL MIMO implementation. The network will base its operation on a single configured TPMI index based on UE feedback and gNodeB implementation. Therefore, Options 1a, 1b, 3 and 4 fail the Sufficiency statistical property. 


Proposal 4: 	For coherent UL MIMO devices, RAN4 should select Option 2 where the performance metric is based on complete 4 TPMI indices datasets, without averaging or radiation pattern radiation pattern weighting. 



2.5 Alignment with Other SDOs

The SDOs alignment status or feedback based on the RAN4 decision in how to determine a post-processing method to calculate UL MIMO TRP based on swept TPMI indexes data is unknown. Such information can be officially gathered with each SDO impacted by this RAN4 definition. 3GPP has mechanisms in place for such consultation.
Proposal 5: 	For consultation related to coherent UL MIMO performance metric acceptance and alignment across SDOs, RAN4 should request such information officially adopting 3GPP mechanisms in place. This should not be a constraint for RAN4 decisions.

2.6 OEM antenna design
Focusing on UL MIMO OTA post-processing Options, i.e.:
· Options 1a, 3 and 4, EiRP or TRP average based on testing 4 TPMI indices:

To overperform other UEs adopting data post-processing on Options 1a, 3 and 4, the UE antenna design needs high efficiency and low imbalance for all TPMI indices tested. The antenna system’s response (directivity) to an anisotropic channel condition is not relevant. Additionally, Options 3 and 4 weighted EiRP or TRP might provide an incorrect OTA performance assessment when compared with UE performance in real anisotropic channel conditions.


· Option 1b, EiRP or TRP average based on testing 2 TPMI indices:

To overperform other UEs adopting data post-processing data on Options 1b, the UE antenna design needs high efficiency and low imbalance for the sub-set of TPMI indices tested. The pre-determination of which sub-set of selected TPMI indices (x2) are the most favorable to achieve the highest TRP results is a design constraint. The antenna system’s response (directivity) to an anisotropic channel condition is not relevant. The Option 1b 2 TPMI indices is not aligned with RAN 1.

· Option 2, TRP calculated based on maximum EiRP/spherical coordinate, testing 4 TPMI indices:

To overperform other UEs post-processing the data points adopting Options 2, the UE antenna design needs high efficiency. The low imbalance among all TPMI indices tested is not a critical requirement. The optimization of antenna system directivity towards anisotropic channel condition is the most relevant design constraint.



Observation 6: 	Real environmental conditions are anisotropic; the UE antenna design and OTA test environment shall be capable to validate radiated performance in such conditions. Option 2 is the only option capable to provide a UE radiated performance assessment on anisotropic conditions with OTA testing in an isotropic environment.

Proposal 6: 	Option 2 is the only Option capable to provide a UE radiated performance, validating the antenna system design based on real anisotropic channel conditions. Additionally, the Option 1b (x2 TPMI indices) is not aligned with RAN 1 specification because x4 TPMI indices are required by specification.


2.7 Operator network deployment

The network deployment of coherent UL MIMO TPMI index selection based on optimal radiated performance is fully specified on by 3GPP including [10-12]. 
Averaging EiRP through a randomization of TPMI indices at each given time is not aligned with RAN 1 specification and the UE performance in the field. The method to determine thresholds to select TPMI indices is a network prerogative, however, multiple transmissions of TPMI indices selection is precluded.

Observation 7: 	The network deployment of UL MIMO based on the UE feedback and selection of optimal TPMI index is fully specified by 3GPP, therefore, does not require further updates to conform with OTA test methodology based on the same principle.

Proposal 7: 	Option 2 is the only Option capable to evaluate a UE radiated performance, in conformance with real UL MIMO network deployment.




2.8 Representative of the operation in the field (Realism)

 The concept of allowing different TPMI indices to be selected by network based on UE feedback due its performance on anisotropic channel conditions, is a robust implementation allowing the UE antenna system to be optimized for different channel conditions. Adopting such method Operators can optimize UE UL transmission lowering overall system noise and interference. 
Averaging EiRP or TRP represents a network implementation that randomizes TPMI index selection. Therefore, does not consider the UE feedback or radiated performance in the anisotropic channel condition.
Observation 8: 	Based on measurement and simulation results submitted in [3-9], there is clear evidence that for different DUT orientations different TPMI indices maximize the EIRP radiated in the direction under test.  A radiated test metric which validates the UE’s ability to select the TPMI configured by the network and to maximize the output power for each configured TPMI is an essential test for the UL MIMO feature.
Observation 9: 	The radiated test metrics proposed in Options 1a/1b/3/4, which rely on averaging radiated power across TPMI indices, do not have a physical link to real field performance, since the scope of the single-layer UL MIMO feature does not involve transmission with multiple TPMIs.  This was further highlighted by operator comments during the RAN4 #110 ad-hoc discussion on Issue 1-1-1, “TIM/VDF: Max EiRP present more close to real scenario”.

Proposal 8: 	For coherent UL MIMO devices, RAN4 shall select Option 2 as the metric for radiated output power.

 
3	Observations and Proposals
Criterion #1 related:
Observation 1: 		The anechoic chamber stabilization time is the dominant factor on TRP test time. 
Observation 2: 	Switching between TPMI Indices while the chamber is stable is the more efficient implementation of the swept TPMI test method, rather than repeating complete TRP tests for each TPMI index.
Observation 3: 	The stabilization time vary based on anechoic chamber and system integration implementation, 0.5 – 2s seems to cover most of the applications.
Observation 4: 	Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded.


Criterion #4 related:
Observation 5: 	The options that consider the complete dataset based on all available TPMI indices and full spherical scanning fulfil the basic statistical properties requirements. Averaging across TPMI (Option 1), reduced number of TPMI indices (Option 1b), or arbitrarily weighting on the radiation pattern (Options 3 and 4) can fail to fulfil sufficiency, unbiasedness, and resistance properties of statistical data. 



Criterion #6 related:
Observation 6: 	Real environmental conditions are anisotropic; the UE antenna design and OTA test environment shall be capable to validate radiated performance in such conditions. Option 2 is the only option capable to provide a UE radiated performance assessment on anisotropic conditions with OTA testing in an isotropic environment.

Criterion #7 related:
Observation 7: 	The network deployment of UL MIMO based on the UE feedback and selection of optimal TPMI index is fully specified by 3GPP, therefore, does not require further updates to conform with OTA test methodology based on the same principle.

Criterion #8 related:
Observation 8: 	Based on measurement and simulation results submitted in [3-9], there is clear evidence that for different DUT orientations different TPMI indices maximize the EIRP radiated in the direction under test.  A radiated test metric which validates the UE’s ability to select the TPMI configured by the network and to maximize the output power for each configured TPMI is an essential test for the UL MIMO feature.
Observation 9: 	The radiated test metrics proposed in Options 1a/1b/3/4, which rely on averaging radiated power across TPMI indices, do not have a physical link to real field performance, since the scope of the single-layer UL MIMO feature does not involve transmission with multiple TPMIs.  This was further highlighted by operator comments during the RAN4 #110 ad-hoc discussion on Issue 1-1-1, “TIM/VDF: Max EiRP present more close to real scenario”.



Criterion #1, Proposal #1:
	The dominant test time factor is related to AC stabilization time, the test time difference between Option 1b (2x TPMI indices) and Options testing 4 TPMI indices is not a decisive criterion.
Criterion #2, Proposal #2:
	For coherent UL MIMO devices, RAN4 should select Options where the performance metric is based on current definitions of Total Radiated Power (TRP) and without radiation pattern weighting.
Criterion #3, Proposal #3:
	Option 2 is the only metric appropriate for regulatory requirement. Further discussions on implications related to regulatory requirements are needed. 
Criterion #4, Proposal #4:
	For coherent UL MIMO devices, RAN4 should select Option 2 where the performance metric is based on complete 4 TPMI indices datasets, without averaging or radiation pattern radiation pattern weighting. 
Criterion #5, Proposal #5:
	For consultation related to coherent UL MIMO performance metric acceptance and alignment across SDOs, RAN4 should request such information officially adopting 3GPP mechanisms in place.
Criterion #6, Proposal #6:
	Option 2 is the only Option capable to provide a UE radiated performance, validating the antenna system design based on real anisotropic channel conditions. Additionally, the Option 1b (x2 TPMI indices) is not aligned with RAN 1 specification because x4 TPMI indices are required by specification.
Criterion #7, Proposal #7:
	Option 2 is the only Option capable to evaluate a UE radiated performance, in conformance with real UL MIMO network deployment.
Criterion #8, Proposal #8:
	For coherent UL MIMO devices, RAN4 shall select Option 2 as the metric for radiated output power.
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1 Topic #1: Test methodology related issues

1.1.1 Sub-topic 1-1 Single-layer UL-MIMO TRP test method

Issue 1-1-1: Performance metric for Coherent UE support multiple TPMI index 2~5

Options for next meeting:
o Option 1 (averaging TRP.x2yss), TRPavgxeau: Option 1a averaging 4 TPMIs TRPs, Option 1b
averaging 2 TPMIs TRPs

o Option 2 (Max EIRPresux), TRPwwsv. sisnxea
o Option 3 (averaging Weighted Radiated Powers) with 4 TPMIs, FFS naming
= Averaging of 4 partial TRPs
o Option 4 (weighted averaging TRPSves1), TRPoweighsed argsreus,

RAN4 will consider above options and make decisions on a reference/baseline metric next meeting based on majority
view.

The following comparison criteria should be considered for making decisions next meeting.

# Criteria

1 Testing time (calculated based on R4-2311672), considering
multiple AC stabilization times
Performance metric consistency

Regulatory impacts

Statistical properties
Alignment with Other SDOs
OEM antenna design

Operator network deployment

o N o o | w|n

Representative of the operation in the field (Realism)

Option 3 and option 4 description listed in Annex of this WF is for information.
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Number of

Anechoic Chamber

Baseline test time (min)

Absolute Test time (minutes)

tested channels| stabilization (s) (1x) TPMI, (1x) channel Option1a Option1b Option 2 Option 3 Option4
0.5 2.57 6.30 3.81 6.30 6.30 6.30
1 1.0 4.79 8.51 6.03 8.51 8.51 8.51
1.5 7.00 10.73 8.25 10.73 10.73
2.0 9.22 12.95 12.95 12.95 12.95
0.5 9.49 20.66 13.21 20.66 20.66 20.66
1.0 11.70 22.88 15.43 22.88 22.88 22.88
3 1.5 13.92 25.09 17.64 25.09 25.09 25.09
2.0 16.14 27.31 19.86 27.31 27.31 27.31
Test Time variation from Baseline (minutes)
0.5 3.73 1.24 3.73 3.73 3.73
1 1.0 3.72 1.24 3.72 3.72 3.72
1.5 3.73 1.25 3.73 3.73 3.73
2.0 3.73 1.24 3.73 3.73 3.73
0.5 11.17 3.72 11.17 11.17 11.17
3 1.0 11.18 3.73 11.18 11.18 11.18
1.5 11.17 3.72 11.17 11.17 11.17
2.0 11.17 3.72 11.17 11.17 11.17
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6.5.2.1

Spectrum emission mask

The spectrum emission mask of the UE applies to frequencies (Afogg) starting from the + edge of the assigned NR
channel bandwidth. For frequencies offset greater than Foos as specified in Table 6.5.2.1-1 the spurious requirements in
clause 6.5.3 are applicable.

The power of any UE emission shall not exceed the levels specified in Table 6.5.2.1-1 for the specified channel
bandwidth.

Table 6.5.2.1-1: General NR spectrum emission mask for frequency range 2.

Spectrum emission limit (dBm) / Channel bandwidth
Afoos 50 100 200 400 800 MHz 1600 MHz 2000 MHz Measurement
(MHz) MHz MHz MHz MHz bandwidth
+0-5 -5 -5 -5 -5 -5 -5 -5 1 MHz
+5-10 -13 -5 -5 -5 -5 -5 -5 1 MHz
+10-20 -13 -13 -5 -5 -5 -5 -5 1 MHz
+ 20-40 -13 -13 -13 -5 -5 -5 -5 1 MHz
+ 40-80 -13 -13 -13 -13 -5 -5 -5 1 MHz
+80-100 -13 -13 -13 -13 -13 -5 -5 1 MHz
+ 100-160 -13 -13 -13 -13 -5 -5 1 MHz
+ 160-200 -13 -13 -13 -13 -13 -5 1 MHz
+200-400 -13 -13 -13 -13 -13 1 MHz
+400-800 -13 -13 -13 -13 1 MHz
+ 800-1600 -13 -13 -13 1 MHz
+ 1600- -13 -13 1 MHz
3200
+ 3200- -13 1 MHz
4000

NOTE 1: Void
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