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<< Unchanged content omitted >>
10
Measurement results from testing campaigns

10.1
Introduction

Subclause 10.2 contains measurement results that are considered valid for the devices with reference antennas, and test conditions used. These results represent the ability of the methodologies described hereafter to distinguish good from bad devices in terms of their MIMO OTA performance under the conditions described in clause 10.2.1.

10.2
CTIA test campaign

<< Unchanged content omitted >>
10.3
3GPP harmonization test campaign
10.3.1
Description of the test plan
The objective of the harmonization measurement campaign is to capture comparable data from the different MIMO OTA methodologies, whose procedures are described in Clause 12, and to draw conclusions based on this data on the ability to harmonize across two or more methodologies.
The free space (FS) testing condition is used in this measurement campaign.

Eight device orientations are used for testing with the MPAC and RTS methodologies. With the vertical portrait orientation defined as (0,0,0) of (yaw, pitch, roll), these are:
1. Portrait - (0°, 0°, roll)

2. Portrait tilt down - (0°, -45°, roll)
3. Portrait tilt up - (0°, 45°, roll)
4. Face up - (0°, 90°, roll)
5. Face down - (0°, -90°, roll)
6. Landscape - (90°, 0°, roll)
7. Landscape tilt down - (90°, -45°, roll)
8. Landscape tilt up - (90°, 45°, roll),
where the roll is represented by the rotation around the turntable axis to produce a single cut.
For MPAC and RTS methodologies a complete Throughput versus Power curve is obtained over 12 azimuth angles per device orientation.  The total number of subframes (TNS) per power step is 20,000 to enable post-processing of the result using the agreed FoM working assumptions.

For RC and RC+CE, device orientation is not applicable, but the following other conditions apply.  At least 100 samples and 400 subframes per power step and sample (giving a total of 40,000 TNS per power step) are be measured to enable post-processing of the results using the FoM working assumptions. Additionally, an MU analysis on the TNS will be completed by measuring all the devices with at least 100 samples and 20,000 subframes per power step and sample (giving a total of TNS=2,000,000 per power step), with the aim of validating the use of the small number of subframes through a comparison of their final averaged outage values.  Results for both stepwise and continuous stirring modes are measured.
For any method, the power step is 0.5 dB from 95% down to 60%.
The following channel models are emulated by the different methodologies:

RC: NIST channel model (Table C.2-3)

RC+CE: Short delay spread low correlation (SDLC; Table C.2-1) and long delay spread high correlation (LDHC; Table C.2-2)

MPAC: SCMe UMi (Table 8.2-1) and SCMe UMa (Table 8.2-2)

RTS: SCMe UMi (Table 8.2-1) and SCMe UMa (Table 8.2-2)

The following is the working assumption on the figure of merit to be used for the analysis of harmonization testing campaign results:
Option 1: statistic of outages per throughput curve

Option 2: outage point from the average throughput curve

In addition to these procedures, each methodology also performs absolute data throughput framework tests in order to derive the measurement uncertainty bound for harmonization (as defined in Clause 10.3.3).  The AC methodologies utilize a single free space portrait 90⁰ device orientation, with the MIMO reference antenna placed at 90⁰ elevation, and the RF enclosure door facing the 0⁰ azimuth. The RC test methodologies conduct their measurements in stepstirred mode only. The lab performing RC and RC+CE methodologies can determine the optimal number of subframes per stirring state and per power level for the ADTF analysis only. All methodologies use the channel models defined in Clauses 8.2 and Annex C.  ADTF results for each methodology, band, and channel model include 5 conducted ADTF results and 5 radiated results. The ADTF repeatability results for the MPAC methodology were impacted by additional measurement uncertainty due to re-cabling and test system re-configuration during the repeatability testing period.
10.3.2
Devices under test
The devices used in the harmonization testing campaign are listed in Table 10.3.2-1 below.
Table 10.3.2-1: Devices used in the harmonization testing campaign

	
	
	MPAC
	RC
	RC+CE
	RTS

	Band 13
	DUT01
	Done
	Done
	Done
	Done

	
	DUT02
	Done
	Done
	Done
	DUT does not support

	
	DUT03 (Black)
	Done
	Done
	Done
	Done

	Band 13 ADTF
	DUT04 (White)
	Done
	Done
	Done
	Done

	Band 7
	DUT02
	Done
	Done
	Done
	DUT does not support

	
	DUT05
	Done
	Done
	Done
	Done

	
	DUT06
	Done
	Done
	Done
	Done

	Band 7 ADTF
	DUT05
	Done
	Done
	Done
	Done

	Band 41
	DUT07
	Done
	Done
	Done
	RTS does not support TDD bands

	
	DUT08
	Done
	Done
	Done
	

	
	DUT09
	Done
	Done
	Done
	

	Band 41 ADTF
	DUT08
	Done
	Done
	Done
	


10.3.3
Measurement uncertainty bound for harmonization
10.3.4
Summary of results
10.3.5
Harmonization outcome

Table 10.3.5-1 below lists generalized observations applicable to all methodologies based on the analysis of the harmonization test campaign results.
Table 10.3.5-1: General observations applicable to all methodologies
	Observation
	Detail

	Band applicability
	Harmonization offsets & residuals have been derived for B13, 7, 41 under the conditions listed in the options table for details associated with methodology applicability, etc.

Definition of harmonization offsets & residuals for other bands requires a specified approach (TBD)
Within the same band, different outage points (e.g.: 70%, 90% and 95%) will have different residual errors.

	Device applicability
	Harmonization offsets & residuals have been derived from data using 2 or 3 devices per band (see Table 10.3.5-2 for details associated with methodology applicability, etc.)

The offsets have been defined as device-independent and are expected to apply to any device

If a device type (or specific devices) are found that can be shown to violate the maximum residual associated with a given harmonization option, then an approach to scale the applicability of the harmonization option needs to be defined (TBD)

	Usage condition applicability (hand phantoms)
	Harmonization offsets & residuals have been derived from free space (FS) data

Applicability to hand held and beside the head and hand usage conditions is TBD

	Test system accuracy
	The measurement campaign has highlighted the fact that MU appears to be a function of device orientation and antenna type; this investigation is needed and is part of the MU development topic of the WI for all methods

	Others
	Choosing a specific averaging method of the FoM may change the MU bound
Choosing  a specific final test metric based on the number of device orientations may change the MU bound.
Choosing  a specific final test metric based on the throughput outage value may change the MU bound.


Table 10.3.5-2 below lists harmonization options, their associated parameters, the derived inter-methodology offsets, the residual error associated with each option, and a quantification of the impact on measurement uncertainty of the harmonized methodologies within the parameters of each option.
Table 10.3.5-2: Harmonization options

	Opt.
	Band
	Methods
	Models
	Method param.
	FoM param.
(1)
	Fixed offsets
	HCB
	Max diff. after offsets (2)
	Max diff. <= HCB?
	Highest method MU (3)
	Add’l bias (4)
	Harmonized MU (5)

	
	
	
	
	
	
	
	
	r
	
	e
	b
	h

	1
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.1dB, B7 = -3.7dB
	B13: 1.3dB

B7: 2.3dB
	B13: 0.8dB

B7: 0.8dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	2
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.2dB, B7 = -4.1dB
	B13: 1.5dB

B7: 2.5dB
	B13: 0.7dB

B7: 0.9dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	3
	13,7
	MPAC

RTS

RC+CE
RC
	MPAC: UMi

RTS: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.1dB, B7 = -3.7dB

RC: B13 = -3.9dB, B7 = -6.1dB
	B13: 1.3dB

B7: 1.6dB

UMi only
	B13: 1.0dB

B7: 0.4dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	4
	13,7
	MPAC

RTS

RC+CE
RC
	MPAC: UMi

RTS: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.2dB, B7 = -4.1dB

RC: B13 = -5.2dB, B7 = -7.3dB
	B13: 1.5dB

B7: 1.5dB

UMi only
	B13: 0.7dB

B7: 0.4dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	5
	41
	MPAC

RC+CE
	MPAC: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 8 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -2.6dB
	B41: 1.5dB
	B41: 1.2dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	6
	41
	MPAC

RC+CE
	MPAC: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 8 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -2.9dB
	B41: 1.5dB
	B41: 1.4dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	7
	41
	MPAC

RC+CE

RC
	MPAC: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 8 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -3.7dB

RC: B41 = -6dB
	B41: 1.1dB

UMi only
	B41: 0.3dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	8
	41
	MPAC

RC+CE

RC
	MPAC: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 8 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -4dB

RC: B41 = -7dB
	B41: 1.1dB

UMi only
	B41: 0.4dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	9
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 3 orientations

RTS: avg 3 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.3dB, B7 = -3.8dB
	B13: 1.3dB

B7: 2.3dB
	B13: 1.1dB

B7: 1.5dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	10
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 3 orientations

RTS: avg 3 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.5dB, B7 = -3.8dB
	B13: 1.5dB

B7: 2.5dB
	B13: 1.2dB

B7: 1.5dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	11
	13,7
	MPAC

RTS

RC+CE

RC
	MPAC: UMi

RTS: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 3 orientations

RTS: avg 3 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.3B, B7 = -3.8dB

RC: B13 = -3.0dB, B7 = -6.0dB
	B13: 1.3dB

B7: 1.6dB

UMi only
	B13: 1.2dB

B7: 0.8dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	12
	13,7
	MPAC

RTS

RC+CE

RC
	MPAC: UMi

RTS: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 3 orientations

RTS: avg 3 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.5dB, B7 = -4.2dB

RC: B13 = -5.2dB, B7 = -7.4dB
	B13: 1.5dB

B7: 1.5dB

UMi only
	B13: 1.2dB

B7: 0.6dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	13
	41
	MPAC

RC+CE
	MPAC: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -3.0dB
	B41: 1.5dB
	B41: 1.2dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	14
	41
	MPAC

RC+CE
	MPAC: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -3.2dB
	B41: 1.5dB
	B41: 1.3dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	15
	41
	MPAC

RC+CE

RC
	MPAC: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -4.0dB

RC: B41 = -6.0dB
	B41: 1.1dB

UMi only
	B41: 0.4dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	16
	41
	MPAC

RC+CE

RC
	MPAC: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 90%

avg method: Inverse DL Pwr avg
	MPAC: B41 = 0 

RC+CE: B41 = -4.7dB

RC: B41 = -7.5dB
	B41: 1.1dB

UMi only
	B41: 0.6dB
	yes (6)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	17
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: regular DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.8dB, B7 = -3.3dB
	B13: 1.3dB

B7: 2.3dB
	TBD (7)
	TBD (7)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	18
	13,7
	MPAC

RTS

RC+CE

RC
	MPAC: UMi

RTS: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.0dB, B7 = -3.6dB

RC: B13 = -3.2dB, B7 = -5.5dB
	B13: 1.3dB

B7: 1.6dB

UMi only
	B13: 1.2dB

B7: 0.6dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	19
	13,7,41
	MPAC

RTS

RC+CE

RC
	MPAC: UMa,UMi

RC+CE: LDHC,SDLC

NIST
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 95%

avg method: Inverse DL Pwr avg
	TBD
	TBD
	TBD
	TBD (8)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	20
	13,7,41
	MPAC

RTS

RC+CE

RC
	MPAC: UMa,UMi

RC+CE: LDHC,SDLC

NIST
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 95%

avg method: regular DL Pwr avg
	TBD
	TBD
	TBD
	TBD (8)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	21
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: regular DL Pwr avg
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	22
	13,7
	MPAC

RTS

RC+CE

RC
	MPAC: UMi

RTS: UMi

RC+CE: SDLC

RC: NIST
	MPAC: avg 3 orientations

RC+CE: STEP SF=400 NS=120

RC: STEP SF=400 NS=120
	outage lvl: 70%

avg method: regular DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0.5, B7 = 0.3

RC+CE: B13 = -1.0dB, B7 = -3.6dB

RC: B13 = -1.2dB, B7 = -3.6dB
	B13: 1.3dB

B7: 1.6dB
	TBD (7)
	TBD (7)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b


NOTE 1: All methodologies are using an outage level detector that picks and records the lowest DL power level at which target TP is reached
NOTE 2: Small improvements can be made by adjusting MPAC&RTS offsets
NOTE 3: Methodology-specific MU budgets are TBD
NOTE 4: Additional bias above the residual error, r, is a term meant to account for the difference in test results determined for additional devices with the method with the maximum residual error after applying the fixed offest. Due to the limited data set in this harmonization effort, we do not have full visibility as to the outcome of the testing for additional devices after applying the fixed offset. This term, b, will add directly to the final harmonized MU since this is a bias in the test results for additional devices
NOTE 5: For the purpose of computing the final harmonized MU, the following terms are defined. m = Final MU for the test method impacting the maximum residual error, r, over the set of methods in the option being considered. h = Final harmonized MU. All methods contribute to the max difference term r regardless of the selected offsets.
NOTE 6: RTS did not measure B41 devices
NOTE 7: RTS did not measure one out of three devices
NOTE 8: 95% outage was not analyzed
Based on the set of general observations in Table 10.3.5-1 and the specific observations associated with the harmonization options listed in Table 10.3.5-2 the following is the outcome of MIMO OTA methodology harmonization:

· Based on the risk factors identified in our summary tables (both known/quantified and unknown), it is premature to declare harmonization for all methods successful
· Specific parameters have been identified under which harmonization is possible together with the observation that risks and cost be further quantified
· The group agrees to proceed in the following manner:
1. The test parameters and FoM parameters shall be first identified
· [Identify DUT orientations, averaging method, etc...]
2. Then initiate the performance phase of the WI, such that data is collected and evaluated within each methodology towards creating a single performance requirement for methods shown to be harmonized according to the result of step 3
3. Initiate a new phase of the harmonization activity across the methods using outliers from the performance work for cross-method validation of the current harmonization offsets with the goal to characterize the risk/cost factors associated with harmonization; this activity shall occur in parallel with the performance phase of the WI
<< End of change >>
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