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B.5
Measurement uncertainty budget for reverberation chamber plus channel emulator method

Table B.5-1: Measurement uncertainty budget for reverberation chamber plus channel emulator method
	 
	Description of uncertainty contribution
	Details in
	RC&CE

	#
	Stage 1-DUT measurement
	 
	Example Value [dB]
	Prob Distr
	Std Uncertainty [dB]

	1
	Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114, E.1-E.2
	0.04
	u-shape
	0.03

	2
	Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0.00
	rect
	0.00

	3
	Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0.00
	rect
	0.00

	4
	Uncertainty of the absolute antenna gain of the fixed measurement antenna
	TS 34.114, E.7
	0.00
	rect
	0.00

	5
	Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17
[TS 36.521-1 F.1.3]
	1.00
	rect
	0.58

	6
	Throughput measurement: output level step resolution
	TS 34.114, E.18
	0.25
	rect
	0.14

	7
	Statistical uncertainty of throughput measurement
	TS34.114, E.19
	FFS (negligible and partially included in repeatability)
	 
	 

	8
	Fading channel emulator output uncertainty (if used)
- absolute output power
- output signal stability
- output stability with temperature
	B.6
	1.5dB
0.5dB
0.4dB
	normal (output power)
rect (stability)
	0.84

	9
	AWGN flatness within LTE band
	TBD (NOTE 4)
	 
	 
	FFS

	10
	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD (NOTE 4)
	 
	 
	FFS

	11
	Channel model implementation (NOTE 2)
	TBD
	FFS
	 
	FFS

	12
	Chamber statistical ripple and repeatability
	G.1.2.2
	0.40
	std
	0.40

	13
	Additional power loss in EUT chassis
	TS 34.114, E.26.B
	0.10
	rect
	0.06

	14
	Quality of the quiet zone
	TS 34.114, E.10
	N/A
	 
	0.00

	15
	Measurement Distance
- VSWR
- Chamber Standing Wave
	TS 34.114, E.9
	N/A
	 
	0.00

	16
	Positioner error (2nd stage RTS) (assuming < 0.5 degrees)
	 
	N/A
	 
	0.00

	17
	DUT sensitivity drift
	TS 34.114, E.21
	0.20
	rect
	0.12

	18
	Uncertainty related to the use of the phantoms:
	TR 25.914
	 
	 
	0.00

	
	a) Uncertainty of dielectric properties and shape of the hand phantom
	A.12.3
	 
	 
	0.00

	
	b) Uncertainty related to the use of laptop ground plane phantom
	A.12.4
	 
	 
	0.00

	19
	Random uncertainty (repeatability)
	TS 34.114, E.14
	0.20
	rect
	0.12

	20
	Uncertainty associated with the stirring method and number of subframes (NOTE 3)
	 
	see NOTE 3
	std
	see NOTE 3

	 
	Stage 2-Calibration measurement
	 
	 
	 
	0.00

	21
	Uncertainty of network analyzer
- Receiver and Source VNA
- Receiver VNA Calibration prior to measurement
	TS 34.114, E.15
	0.50
	rect
	0.29

	22
	Mismatch of transmitter chain
	TS 34.114, E.1-E.2
	0.00
	u-shape
	0.00

	23
	Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0.00
	 
	0.00

	24
	Mismatch in the connection of calibration antenna
	TS 34.114, E.1
	0.00
	rect
	0.00

	25
	Influence of the calibration antenna feed cable
	TS 34.114, E.6
	 
	 
	0.00

	26
	Influence of the transmitter antennas/probes cables
	TS 34.114, E.6
	0.00
	rect
	0.00

	27
	Uncertainty of the absolute gain of the transmitter antennas/probes 
	TS 34.114, E.7
	0.00
	rect
	0.00

	28
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114, E.16
	0.50
	std
	0.50

	29
	Chamber statistical ripple and repeatability
	G.1.2.2
	0.40
	std
	0.40

	30
	Phase Center Offset (when using horn to calibrate)
	TS 34.114, E.9
	N/A
	 
	0.00

	31
	Quality of the quiet zone (Range Ref. Antenna)
	TS 34.114, E.10
	N/A
	 
	0.00

	32
	Impact of ATF pattern error on TP
- DUT RSAP measurement uncertainty TR 
- DUT RSARP measurement uncertainty TR 
	TR 37.978 10.1&2
	N/A
	 
	0.00

	33
	Impact of non-ideal isolation between streams in radiated 2nd stage (assuming 15 dB isolation)
	 
	N/A
	 
	0.00

	 
	External Amplifiers
	 
	 
	 
	0.00

	34
	Stability
	B.7.1
	 
	 
	0.00

	35
	Linearity
	B.7.2
	 
	 
	0.00

	36
	Noise Figure
	B.7.3
	 
	 
	0.00

	37
	Mismatch
	B.7.4
	 
	 
	0.00

	38
	Gain
	B.7.5
	 
	 
	0.00


NOTE 1:
0dB if fading for RTS is done in baseband; same as RC&CE and MPAC if fading is not in baseband
NOTE 2:
assumption is that MU set to 0dB with channel model validation pass/fail limits (FFS) that have negligible impact on TP FOM; MU for channel model validation is FFS
NOTE 3:
Analysis of the element associated with stirring method and number of subframes is based on existing harmonization test campaign data and can be further augmented by additional measurements. The following combinations of stirring modes and number of subframes have been identified as common use cases with the following standard uncertainties (different combinations require separate validation):


A: stepped stirring mode with 20k SF per stirring state: 0dB


B: stepped stirring mode with 400 SF per stirring state: 0.22dB 


C: continuous stirring mode with 20k SF per sample: FFS


D: continuous stirring mode with 400 SF per sample: FFS

Until MU elements for continuous stirring modes have been defined, the test plan shall only consider stepped stirring approach 
NOTE 4:
As the applicability of SIR to MIMO OTA performance evaluation is FFS, the measurement uncertainty treatment for SIR related items will remain FFS. When the applicability of SIR is confirmed, the measurement uncertainty treatment defined in 3GPP TS 36.521-1 [12] Table F.1.4-1 for line item 8.2.1.3.1 should be considered along with the related test system constraints. Any adjustments to the test system limits or uncertainty definitions necessary for MIMO OTA performance testing should be applied.

<< Unchanged content omitted >>
Annex G:
Test Volume Validation
This annex describs the procedures for validating the test volume for the different methodologies.
G.1
Test Volume Validation for the RC+CE Methodology
The crucial parameters for defining the RC+CE test volume are the isotropy and the standard deviation of the power transfer function. The validation procedure will thus consist of the following:
· Isotropy measurements in the extreme positions (boundaries) of the test volume, as well as in positions within the boundaries of the test volume.

· Standard deviation of the power transfer function measured in the same positions as defined for the isotropy measurements.

This is described in detail below.
G.1.1
Test Volume Validation Setup
There are two main RC configurations available in the industry. The first configuration utilizes a turntable for the stirring sequence and thus to emulate the desired environment. Additional stirring procedures might also exist to further improve the accuracy of the emulated channel properties. The DUT is kept on the turntable throughout the measurement sequence, thus moved around in the test volume.

The second configuration does not utilize a turntable, thus instead relying on other stirring procedures for emulating the desired environment. For this case the DUT is kept at a fixed position in the test volume throughout the measurement sequence.

In order to define a generic test volume validation procedure, it is needed to differentiate between these two types of RCs.
G.1.1.1
Type 1 Reverberation Chamber – With Turntable
For RCs utilizing a stirring configuration with a turntable, the test volume will consist of a cylinder as depicted in Figure G.1.1.1-1. The Test Volume Validation Positions (TVVPs) in this test volume consist of extreme positions, e.g. minimum distances to other metallic and/or absorbing objects and the location on the turntable, as well as additional positions representative to DUT test positions. Based on Figure G.1.1.1-1, the following baseline TVVPs are identified:

· TVVP1-3: These three positions correspond to the lower extremes of having the DUT as close as possible to the metallic turntable plate and still fulfil the 0.5 lambda guideline from [22].

· TVVP1 will experience a minimum of statistics, given that a DUT in this position will be kept at the same position throughout the measurement. This position could also be shifted away from the centre of the turntable, if needed for the accuracy of the measurements. For such case, the test volume would be a cylinder with the centre excluded.

· TVVP2 corresponds to additional test position representative to DUT test position for gathering sufficient statistics.

· TVVP3 is the edge of the test volume. This is the position farthest away from the turntable centre that still fulfils the requirement in [22] of being 0.5 lambda separated from other metallic or absorbing objects in the chamber (e.g. chamber walls, stirrers etc.) for all stirrer positions throughout the measurement sequence.
· TVVP4-6: These three positions correspond to additional test positions in the centre azimuth cut of the cylinder representative to DUT test positions, in order to gather sufficient statistics for the validation. The individual points correspond to the same distances from the centre of the turntable as TVVP1-3.
· TVVP7-9: These three positions correspond to extreme points at the upper edge of the test volume, which still satisfy the requirements in [22] of being 0.5 lambda away from metallic or absorbing objects (in this case the metallic stirrer plate; it can also be bounded by the roof of the chamber). The individual points correspond to the same distances from the centre of the turntable as TVVP1-3.
One azimuth cut consisting of 3 TVVPs is shown in Figure G.1.1.1-2 for clarity.

In addition to metallic surfaces and objects, different amount of absorbing objects can be used for obtaining the desired chamber characteristics. If such objects exist the boundaries of the test volume must be set as to take these into account. This case is depicted in Figure G.1.1.1-3, where the absorber located on the chamber wall decreases the size of the test volume.

The 9 positions defined above will be the TVVPs for Type 1 RCs and will define the valid test volume. The test system vendor should declare these 9 TVVPs for each implementation.

Having nine individual measurements will provide a sufficient statistical ground for concluding on the RC test volume characteristics. It matches the minimum number of points adopted for characterizing the uncertainty related to the chamber statistical ripple and repeatability in TS34.114 [4]. Observe however that there will be three orientations measured for each position, in order to calculate the anisotropy coefficients. This means that there will be 27 individual estimates of the power transfer function and all of these shall be used for the standard deviation calculation.

In order to pass the test volume validation, the isotropy in all TVVPs must satisfy the requirements and standard deviation of the power transfer function must result in an acceptable overall uncertainty once combined with the other uncertainty sources. If any of the positions fail the isotropy test or the resulting uncertainty exceeds acceptable limits, the test volume boundaries, and thus the TVVPs, must be redefined and the procedure repeated in the new TVVPs.
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Figure G.1.1.1-1: Schematics of the test volume and baseline TVVPs for Type 1 RC.
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Figure G.1.1.1-2: Top view schematics of one azimuth cut of the test volume consisting of 3 TVVPs for Type 1 RC.
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Figure G.1.1.1-3: Schematics of the test volume and TVVPs for Type 1 RC, when the test volume is bounded by an absorber on the chamber wall.
G.1.1.2
Type 2 Reverberation Chamber – Without Turntable

For RCs utilizing a stirring configuration without a turntable, the test volume will consist of a rectangular box as depicted in Figure G.1.1.2-1. As for Type 1 chambers, the TVVPs correspond to extreme positions, e.g. minimum distances to other metallic and/or absorbing objects and the location on the turntable, as well as additional positions representative to DUT test positions. Based on Figure G.1.1.2-1, the following baseline TVVPs are identified:

· TVVP1-4: These four corner positions correspond to the lower extremes of having the DUT as close as possible to the metallic floor as well as two additional walls of the chamber (or stirrers and other metallic objects) and still fulfil the 0.5 lambda guideline from [22].

· TVVP5-8: These four corner positions correspond to the upper extremes of having the DUT as close as possible to the metallic roof as well as two additional walls of the chamber (or stirrers and other metallic objects) and still fulfil the 0.5 lambda guideline from [22]. The individual points correspond to the same distances from the chamber walls as TVVP1-4.

· TVVP9: This is the centre position of the test volume and represents an additional point representative to DUT test position and provides additional statistics.
In addition to metallic surfaces and objects, different amount of absorbing objects can be used for obtaining the desired chamber characteristics. If such objects exist the boundaries of the test volume must be set as to take these into account, as for Type 1 RCs.

The 9 positions defined above will be the TVVPs for Type 2 RCs and will define the valid test volume. The test system vendor should declare these 9 TVVPs for each implementation.

Having nine individual measurements will provide a sufficient statistical ground for concluding on the RC test volume characteristics. It matches the minimum number of points adopted for characterizing the uncertainty related to the chamber statistical ripple and repeatability in TS34.114 [4]. Observe however that there will be three orientations measured for each position, in order to calculate the anisotropy coefficients. This means that there will be 27 individual estimates of the power transfer function and all of these shall be used for the standard deviation calculation.

In order to pass the test volume validation, the isotropy in all TVVPs must satisfy the requirements and standard deviation of the power transfer function must result in an acceptable overall uncertainty once combined with the other uncertainty sources. If any of the positions fail the isotropy test or the resulting uncertainty exceeds acceptable limits, the test volume boundaries, and thus the TVVPs, must be redefined and the procedure repeated in the new TVVPs.
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Figure G.1.1.2-1: Schematics of the test volume and baseline TVVPs for Type 2 RC.
G.1.2
Test Volume Validation Procedure

In each of the positions defined above, the procedure described in Clause C.3.2.5 of TR37.977 shall be used to obtain the test volume validation data. From this data it is possible to calculate the metrics of interest, as described below.
G.1.2.1
Isotropy

The procedure described in Annex C.3.2.5 shall be used to evaluate the isotropy in each TVVP.

G.1.2.2
Chamber Statistical Ripple and Repeatability
From the data obtained with the procedure above the chamber transfer function 
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 is calculated for each TVVP. The normalized standard deviation is then calculated as
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M is the number of antenna positions used for the estimate, in this case 27 (9 TVVPs and 3 orientations in each TVVP).

The total standard deviation is then given by
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 is 1.05.
The standard measurement uncertainty estimate is obtained by selecting the worst case for each band/channel combination. The value obtained should be inserted into the uncertainty budget in Annex B.5 as the “chamber statistical ripple and repeatability”.
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