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1. Introduction

According to the MIMO OTA Way Forward from the RAN4 #76 meeting [1] one of the focus areas for the MIMO OTA group is to finalize the MU budgets for the MIMO OTA methodologies. This contribution discusses the uncertainty budgets for the RC and RC+CE methodologies. Updates are proposed and motivated and example values are provided.
This contribution has been made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment.
2. Uncertainty Budgets for the RC and RC+CE Methodologies

TR37.977 [2] provides the uncertainty budgets for the RC and RC+CE methodologies. These are repeated below for convenience, based on the updated versions in [3] approved during RAN4 #76. There are in general two groups of uncertainty items. The first group of uncertainty items (marked in yellow) are items more or less common for all methodologies. The second group (marked in blue) consists of items that are specific for the RC and RC+CE methodologies. These two groups will be discussed separately below.

Table B.3-1 Measurement uncertainty budged for reverberation chamber method
	Description of uncertainty contribution
	Details in

	Stage 1, DUT measurement

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

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

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

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

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17
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	6)
Throughput measurement: output level step resolution
	TS 34.114, E.18

	7)
Statistical uncertainty of throughput measurement
	TBD

	8)
AWGN flatness within LTE band
	TBD

	9)
Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD

	10)           RMS DS uncertainty
	TBD

	11)         Chamber statistical ripple and repeatability
	TS 34.114, E.26.A

	12)
Additional power loss in EUT chassis
	TS 34.114, E.26.B

	13)
DUT sensitivity drift
	TS 34.114, E.21

	14)
Uncertainty related to the use of the phantoms:


a)
Uncertainty of dielectric properties and shape of the hand phantom


b)
Uncertainty related to the use of laptop ground plane phantom
	TR 25.914

A.12.3

A.12.4

	15)
Random uncertainty (repeatability)
	TS 34.114, E.14

	Stage 2 , Calibration measurement

	16)
Uncertainty of network analyzer
	TS 34.114, E.15

	17)
Mismatch of receiver chain
	TS 34.114, E.1-E.2

	18)
Insertion loss of receiver chain
	TS 34.114, E.3-E.5

	19)
Mismatch in the connection of calibration antenna
	TS 34.114, E.1

	20)
Influence of the calibration antenna feed cable
	TS 34.114, E.6

	21)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6

	22)
Uncertainty of the absolute gain of the fixed measurement antenna
	TS 34.114, E.7

	23)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	TS 34.114, E.16

	24)
Chamber statistical ripple and repeatability
	TS 34.114, E.26.A


Table B.5-1 Measurement uncertainty budged for reverberation chamber plus channel emulator method
	Description of uncertainty contribution
	Details in

	Stage 1, DUT measurement

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

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

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

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

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17
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	6)
Throughput measurement: output level step resolution
	TS 34.114, E.18

	7)
Statistical uncertainty of throughput measurement
	TBD

	8)   Fading channel emulator output uncertainty (if used)
	TBD

	9)
AWGN flatness within LTE band
	TBD

	10)
Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD

	11) Channel model implementation
	TBD

	12) Chamber statistical ripple and repeatability
	TS 34.114, E.26.A

	13)
Additional power loss in EUT chassis
	TS 34.114, E.26.B

	14)
DUT sensitivity drift
	TS 34.114, E.21

	15)
Uncertainty related to the use of the phantoms:


a)
Uncertainty of dielectric properties and shape of the hand phantom


b)
Uncertainty related to the use of laptop ground plane phantom
	TR 25.914

A.12.3

A.12.4

	16)
Random uncertainty (repeatability)
	TS 34.114, E.14

	Stage 2 , Calibration measurement

	17)
Uncertainty of network analyzer
	TS 34.114, E.15

	18)
Mismatch of receiver chain
	TS 34.114, E.1-E.2

	19)
Insertion loss of receiver chain
	TS 34.114, E.3-E.5

	20)
Mismatch in the connection of calibration antenna
	TS 34.114, E.1

	21)
Influence of the calibration antenna feed cable
	TS 34.114, E.6

	22)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6

	23)
Uncertainty of the absolute gain of the fixed measurement antenna
	TS 34.114, E.7

	24)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	TS 34.114, E.16

	25)
Chamber statistical ripple and repeatability
	TS 34.114, E.26.A


3. Common Uncertainty Items
3.1 Stage 1 – DUT Measurement

3.1.1 Mismatch of transmitter chain

For the RC methodology, given that the same setup is used as in [7], the same uncertainty example value holds. Thus, the following value from Table E.14 of [7] can be used.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114, E.1-E.2
	0.02


For the RC+CE methodology, also the channel emulator will contribute to the total mismatch of the transmitter chain. For this case the following general setup is valid.
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Based on the procedure in Annex E.1 of [7], we can estimate the uncertainties due to mismatches in the following way.
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Based on the values in Table E.14 of [7] and the CE data sheet, the following values are obtained:
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This gives
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Thus, the following example value holds for the RC+CE methodology.
	Description of uncertainty contribution
	Details in
	Example value [dB]

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114, E.1-E.2
	0.16


3.1.2 Insertion loss of transmitter chain
This can be considered systematic with the reference measurement, thus giving the following example value.
	Description of uncertainty contribution
	Details in
	Example value [dB]

	2)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0


3.1.3 Influence of the fixed measurement antenna cable

This item can be considered the same as in [7], thus seeing this as systematic with the reference measurement.
	Description of uncertainty contribution
	Details in
	Example value [dB]

	3)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0


3.1.4 Uncertainty of the absolute antenna gain for the fixed measurement antenna

This item can be considered the same as in [7], thus seeing this as systematic with the reference measurement.
	Description of uncertainty contribution
	Details in
	Example value [dB]

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	TS 34.114, E.7
	0


3.1.5 Base station simulator: uncertainty of the absolute output level
This can be considered the same as in [7], thus the values in Table E.14 of [7] can be used.
For the RC and RC+CE methodologies, the following example value will be valid.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17
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3.1.6 Throughput measurement: output level step resolution

The procedure in [7] can be used to estimate the value of this uncertainty item. Given that Section 12 of [2] specifies a step size of 0.5 dB, based on Annex E.18 of [7], the uncertainty value will be as in the table below.
	Description of uncertainty contribution
	Details in
	Example value [dB]

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


3.1.7 Statistical uncertainty of throughput measurement

This uncertainty item can be estimated using Section 6.6 of [10]. Assuming a throughput threshold level of 90 %, the equations in Section 6.6 of [10] for coherent data communication with sub carrier modulation are used to estimate the effect of BER on the RF level uncertainty. Using a BER target of 10% +/- 2% and 20000 bits, the following value is obtained.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	7)
Statistical uncertainty of throughput measurement
	TS34.114, E.19
	0.18


3.1.8 Fading channel emulator output uncertainty (for RC+CE)
The uncertainty of the channel emulator is taken from the manufacturer’s data sheet. Thus, the following example value is valid.
	Description of uncertainty contribution
	Details in
	Example value [dB]

	8)   Fading channel emulator output uncertainty (if used)
	Manufacturer’s data sheet
	1


3.1.9 AWGN flatness within LTE band
The use of SIR-controlled tests is TBD.
3.1.10 Signal-to-noise ratio uncertainty, averaged over downlink transmission bandwidth

The use of SIR-controlled tests is TBD.
3.1.11 DUT sensitivity drift

This uncertainty item is the same as in [7], thus applying the following example value taken from Table E.14 of [7].

	Description of uncertainty contribution
	Details in
	Example value [dB]

	13/14)
DUT sensitivity drift
	TS 34.114, E.21
	0.2


3.1.12 Uncertainty related to the use of the phantoms

The use of phantoms is TBD.

3.1.13 Random uncertainty (repeatability)

The approach described in [7] can be used to estimate this uncertainty item. [7] states that, in order to estimate this uncertainty item, five repeated measurements are to be performed, where the DUT is repositioned for each repeated test. This is in line with the ADTF repeatability tests performed for the harmonization testing campaign. Using this data, the following analysis holds.
Using data from [8], the maximum deviation in OTA ADTF results over the five measurements for each band was studied at the 70% threshold level. The following table summarizes the maximum deviations found.

	Band
	RC
	RC+CE

	
	NIST
	UMi
	UMa

	13
	0.3 dB
	0.8 dB
	0.8 dB

	7
	0.4 dB
	0.6 dB
	0.5 dB

	41
	0.7 dB
	0.3 dB
	0.8 dB


From this table it is observed that the maximum deviation for RC is 0.7 dB and for the RC+CE 0.8 dB. Thus, the following example values hold for the RC methodology.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	15)
Random uncertainty (repeatability)
	TS 34.114, E.14
	0.7


For the RC+CE methodology, the following table is valid.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	16)
Random uncertainty (repeatability)
	TS 34.114, E.14
	0.8


3.2 Stage 2 – Calibration Measurement

For the RC and RC+CE, the calibration of the test chamber is performed in the same way as for TRP/TRS testing. Thus, the procedures and example values specified in [7] may be used.
The table below provides the example values from Table E.14 in [7]. Note that items 17/18 and 18/19 are referring to the transmitting chain, which is updated in [9].

	Description of uncertainty contribution
	Details in
	Example value [dB]

	16/17)
Uncertainty of network analyzer
	TS 34.114, E.15
	0.5

	17/18)
Mismatch in the connection of transmitter chain (i.e. between fixed measurement antenna and NA)
	TS 34.114, E.1-E.2
	0

	18/19)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0

	19/20)
Mismatch in the connection of calibration antenna
	TS 34.114, E.1
	0

	20/21)
Influence of the calibration antenna feed cable
	TS 34.114, E.6
	0.3

	21/22)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0

	22/23)
Uncertainty of the absolute gain of the fixed measurement antenna
	TS 34.114, E.7
	0

	23/24)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	TS 34.114, E.16
	0.5


4. RC and RC+CE Specific Uncertainty Values

4.1 RMS DS Uncertainty/Channel Model Implementation
In general, there are two aspects of the validation of MIMO OTA methodologies. The first part of the validation of the MIMO OTA methodologies is to make sure that the methodologies are implementing the correct channel model properties. This is validated by applying the procedures in Section 8/Annex C. The second part of the MIMO OTA methodology validation is to make sure that the methodologies are fulfilling the maximum allowable uncertainty limit. The first part of the validation is well established for the RC and RC+CE methodologies and further improved by the updates proposed in [4] and has already been presented to 3GPP by the RC manufacturers that participated in the round robin campaigns. The second part of the validation is currently being finalized.
The channel model validation aspect of the methodology validation is a “pass-or-fail” type of approach, where either the method fulfils the channel model properties or not. If the channel model properties are not fulfilled, modifications are needed to the setup so that it can pass the validation.
Given this division of the methodology validation, it is proposed to remove the uncertainty item “RMS DS uncertainty”/”Channel model implementation”. In addition, this would facilitate the finalization of the uncertainty budgets, since it is not straight forward to understand how a deviation in channel model parameters, which affects the throughput results, would be translated to an uncertainty in power level, which is what the current discussed tables are defining. This would also be in line with the approach taken by CTIA for the MIMO OTA test plan [5].
4.2 Chamber Statistical Ripple and Repeatability
This uncertainty item is further elaborated in [6], where example values are provided. From this contribution, it is seen that the worst case example value (over frequency) for the RC should be 0.2 dB and for the RC+CE 0.3 dB.
Thus, the following values are valid for the RC.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	11) Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.2

	24)
Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.2


The following values are valid for the RC+CE.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	12) Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.3

	25)
Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.3


4.3 Additional Power Loss in EUT Chassis

The details of this uncertainty item are provided in [7]. Table E.14 in [7] also provides an example value for this item as 0.1 dB, which can be considered valid for MIMO OTA measurements as well.
Given this, the following example value is valid.

	Description of uncertainty contribution
	Details in
	Example value [dB]

	12/13)
Additional power loss in EUT chassis
	TS 34.114, E.26.B
	0.1


It is important to note that this uncertainty item is included only if the DUT can be assumed to have negligible impact on the overall chamber transfer function. If the DUT introduces significant loss, the DUT must be present during the reference measurement and this uncertainty item will cancel.
5. Standard and Expanded Uncertainty

Knowledge about the probability distributions of the uncertainty items, the standard uncertainty for each uncertainty item can be calculated. The information in [7] can be used to calculate this. Also, in line with standard procedures, the expanded uncertainty should be provided, giving a confidence interval of 95 %.

6. Updated Uncertainty Budgets

Given the discussion in Section 3, 4 and 5, it is proposed to update the uncertainty budgets in TR37.977 in the following way.

Table B.3-1 Measurement uncertainty budget for reverberation chamber method
	Description of uncertainty contribution
	Details in
	Example value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 1, DUT measurement
	
	
	
	
	

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114, E.1-E.2
	0.02
	N
	1
	1
	0.02

	2)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0
	R
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	1
	0

	3)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0
	R
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	1
	0

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	TS 34.114, E.7
	0
	R
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	1
	0

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17
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	1
	R
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	1
	0.58

	6)
Throughput measurement: output level step resolution
	TS 34.114, E.18
	0.25
	R
	
[image: image13.wmf]3


	1
	0.14

	7)
Statistical uncertainty of throughput measurement
	TS 34.114, E.19
	0.18
	N
	1
	1
	0.18

	8)
AWGN flatness within LTE band
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	9)
Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	

	10)         Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.2
	N
	1
	1
	0.2

	11)
Additional power loss in EUT chassis
	TS 34.114, E.26.B
	0.1
	R
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	1
	0.06

	12)
DUT sensitivity drift
	TS 34.114, E.21
	0.2
	R
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	1
	0.12

	13)
Uncertainty related to the use of the phantoms:


a)
Uncertainty of dielectric properties and shape of the hand phantom


b)
Uncertainty related to the use of laptop ground plane phantom
	TR 25.914

A.12.3

A.12.4
	TBD
	TBD
	TBD
	TBD
	TBD

	14)
Random uncertainty (repeatability)
	TS 34.114, E.14
	0.7
	R
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	1
	0.4

	Stage 2 , Calibration measurement
	
	
	
	
	

	15)
Uncertainty of network analyzer
	TS 34.114, E.15
	0.5
	R
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	1
	0.29

	16)
Mismatch in the connection of transmitter chain (i.e. between fixed measurement antenna and NA)
	TS 34.114, E.1-E.2
	0
	U
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	1
	0

	17)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0
	R
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	1
	0

	18)
Mismatch in the connection of calibration antenna
	TS 34.114, E.1
	0
	R
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	1
	0

	19)
Influence of the calibration antenna feed cable
	TS 34.114, E.6
	0.3
	R
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	1
	0.17

	20)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0
	R
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	1
	0

	21)
Uncertainty of the absolute gain of the fixed measurement antenna
	TS 34.114, E.7
	0
	R
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	1
	0

	22)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	TS 34.114, E.16
	0.5
	R
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	1
	0.29

	23)
Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.2
	N
	1
	1
	0.2

	Combined standard uncertainty
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	Expanded uncertainty (Confidence interval of 95 %)
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Table B.5-1 Measurement uncertainty budget for reverberation chamber plus channel emulator method
	Description of uncertainty contribution
	Details in
	Example value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 1, DUT measurement
	
	
	
	
	

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114, E.1-E.2
	0.16
	N
	1
	1
	0.02

	2)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0
	R
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	1
	0

	3)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0
	R
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	1
	0

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	TS 34.114, E.7
	0
	R
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	1
	0

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114, E.17
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	1
	R
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	1
	0.58

	6)
Throughput measurement: output level step resolution
	TS 34.114, E.18
	0.25
	R
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	1
	0.14

	7)
Statistical uncertainty of throughput measurement
	TS 34.114, E.19
	0.18
	N
	1
	1
	0.18

	8)   Fading channel emulator output uncertainty
	Manufacturer’s data sheet
	1
	R
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	1
	0.58

	9)
AWGN flatness within LTE band
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	10)
Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	

	11) Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.3
	N
	1
	1
	0.3

	12)
Additional power loss in EUT chassis
	TS 34.114, E.26.B
	0.1
	R
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	1
	0.06

	13)
DUT sensitivity drift
	TS 34.114, E.21
	0.2
	R
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	1
	0.12

	14)
Uncertainty related to the use of the phantoms:


a)
Uncertainty of dielectric properties and shape of the hand phantom


b)
Uncertainty related to the use of laptop ground plane phantom
	TR 25.914

A.12.3

A.12.4
	TBD
	TBD
	TBD
	TBD
	TBD

	15)
Random uncertainty (repeatability)
	TS 34.114, E.14
	0.8
	R
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	1
	0.46

	Stage 2 , Calibration measurement
	
	
	
	
	

	16)
Uncertainty of network analyzer
	TS 34.114, E.15
	0.5
	R
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	1
	0.29

	17)
Mismatch in the connection of transmitter chain (i.e. between fixed measurement antenna and NA)
	TS 34.114, E.1-E.2
	0
	U
	
[image: image37.wmf]2


	1
	0

	18)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5
	0
	R
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	1
	0

	19)
Mismatch in the connection of calibration antenna
	TS 34.114, E.1
	0
	R
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	1
	0

	20)
Influence of the calibration antenna feed cable
	TS 34.114, E.6
	0.3
	R
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	1
	0.17

	21)
Influence of the fixed measurement antenna cable
	TS 34.114, E.6
	0
	R
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	1
	0

	22)
Uncertainty of the absolute gain of the fixed measurement antenna
	TS 34.114, E.7
	0
	R
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	1
	0

	23)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	TS 34.114, E.16
	0.5
	R
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	1
	0.29

	24)
Chamber statistical ripple and repeatability
	TS 34.114, E.26.A
	0.3
	N
	1
	1
	0.3

	Combined standard uncertainty
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	Expanded uncertainty (Confidence interval of 95 %)
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7. Conclusions
This contribution provides updates to and example values for the uncertainty budgets for the RC and RC+CE methodologies. Also the standard and expanded uncertainty is calculated. An expanded uncertainty of 1.80 dB and 2.26 dB is found for the RC and RC+CE methodologies, respectively, for the UE noise limited test cases.
The CR adding these updates to TR37.977 is provided in [9].
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