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<< Unchanged content omitted >>
5.1.2
Definition of Signal-to-Interference Ratio (SIR)
Applicability of SIR to MIMO OTA performance evaluation is FFS.
This definition is applicable to MIMO OTA test cases where control of the signal to interference ratio (SIR) is required (i.e. DUT throughput characterized as a function of SIR shall require control of SIR within the test volume as described in the sub-sections that follow).  For test cases where SIR control is not required (i.e. throughput characterized as a function of signal power incident to the DUT antennas, such as RS EPRE) this definition is not applicable.
In real world scenarios the mobile will experience an interference floor higher than the device noise floor. As a consequence, the methodology for quantifying MIMO OTA performance of a device may have to include the use of an external interferer signal. MIMO OTA testing is useful for a situation where, in general, a high signal level is received that is not close to the sensitivity level of the UE and the interference floor is dominated by inter-cell interference and/or other interferers and not the UE noise floor. In most UE performance testing, interference is modeled as AWGN for conducted testing. This proposal intends to align with this assumption and use AWGN for the interference signal.

From a system level point of view, the omnidirectional (isotropic) and uncorrelated nature of the interfering signal to the wanted signal is a crucial assumption.  Injecting a noise signal that is correlated to the wanted faded signal is neither a scenario that is typically found in the network nor a scenario for which the UE modem is designed.  As a result, we propose the methodology for injecting an omnidirectional (isotropic) and uncorrelated interferer signal.
5.1.2.1
SIR Control for Multi-Probe Anechoic Chamber Methodology
The interference level necessary to achieve a given SIR inside the test zone shall be generated as an independent process at each antenna probe with equal power, regardless of the signal power transmitted through that probe. The SIR shall be decreased by increasing the AWGN power while keeping the signal level constant.
To validate the control of SIR, the measurement setup shown in Figure 5.1.2.1-1 below may be used.
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Figure 5.1.2.1-1: Verifying SIR level in the anechoic chamber multi-cluster MIMO OTA setup
The actual system components shown in the diagram, such as amplifier box or the source of the omnidirectional interferer signal, may or may not be present as shown.

The procedure below shall be used to verify SIR control inside the test zone for a given target SIR.

Verification procedure for establishing SIR control:

1.
Configure the spectrum analyser with the settings given in Table 5.1.2.1-1 below

2.
Load the target channel model into the channel emulator (e.g. SCME UMa, SCME UMi) and start the emulation

3.
Configure the system gains for the LTE signal and injected interfering signal paths to achieve the target SIR
4.
Disable interfering signal injection (depending on the system configuration this may be configured within the channel emulator itself or in an external signal generator)

5.
Connect a vertically polarized reference dipole to the spectrum analyser via a cable and place inside the chamber at the center of the test zone
6.
Measure the received power with the spectrum analyser over a duration sufficient to achieve statistical significance as defined in clause 12.1.6.2 and record the value as


PSIG_MEAS_VER
7.
Compensate for the loss of the cable (αCABLE) and the gain of the dipole (GDIPOLE) such that


PSIG_ VER  = PSIG_MEAS_VER - αCABLE – GDIPOLE
8.
Repeat steps 5 to 7 with the magnetic loop and get


PSIG_ HOR  = PSIG_MEAS_HOR - αCABLE – GLOOP 

9.
Calculate the total signal power received as


PSIG_TOTAL = PSIG_VER|LINEAR + PSIG_HOR|LINEAR
10.
Disable the LTE signal source and enable interference injection (depending on the system configuration this may be configured within the channel emulator itself or in an external signal generator)

11.
Connect a reference dipole to the spectrum analyser via a cable and place inside the chamber at the center of the test zone

12.
Measure the received interfering signal power with the spectrum analyser over aduration sufficient to achieve statistical significance and record the value as


PINT_MEAS_VER
13.
Compensate for the loss of the cable (αCABLE) and the gain of the dipole (GDIPOLE) such that


PINT_ VER  = PINT_MEAS_VER - αCABLE – GDIPOLE 

14.
Repeat steps 11 to 13 with the magnetic loop and get


PINT_ HOR  = PINT_MEAS_HOR - αCABLE - GLOOP 

15.
Calculate the total interfering signal power received as


PINT_TOTAL = PINT_VER|LINEAR + PINT_HOR|LINEAR
16.
Calculate the achieved signal to interference ratio such that


SIRACHIEVED = PSIG_TOTAL - PINT_TOTAL
and validate that it matches the target SIR.
Table 5.1.2.1-1: Spectrum analyzer settings for SIR control verification
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency 
in 3GPP TS 36.508
as required per band

	Span
	MHz
	91

	Resolution BW
	kHz
	30

	Video BW
	MHz
	≥10

	Number of points
	
	> 200

	Number of averages
	
	Sufficient to achieve statistical significance as defined above

	NOTE 1:
Span is shown using the assumption of a 10 MHz LTE RF channel BW and would be adjusted accordingly for an alternate RF channel BW.


Care shall be taken to ensure that the signal level measurement in step 6 and the interfering signal level measurement in step 12 are sufficiently above the noise floor of the measurement system as to not impact the final SIR level. A horizontally polarized reference dipole may be used as opposed to the magnetic loop as long as the theta gain pattern is properly accounted for.
5.1.2.2
SIR Control for the reverberation chamber method
Additive White Gaussian Noise (AWGN) is used as interference for the SIR-controlled test case. Figure 5.1.2.2-1 shows an example setup for adding AWGN to the test environment with the injection point for the AWGN highlighted. The AWGN noise power used to create the desired SIR within the test volume shall be generated as an independent process. It is represented by faded noise driven in an isotropic fashion. The AWGN is injected into the reverberation chamber using a separate chamber antenna and the fading of the signal and the noise will be uncorrelated. The SIR is computed as a long-term average.

[image: image2.emf]
Figure 5.1.2.2-1: Example setup for SIR-controlled test scenario for the reverberation chamber methodology.
5.1.2.3
SIR Control for the reverberation chamber plus channel emulator method
AWGN will be used as interference for the SIR-controlled test case. Figure 5.1.2.3-1 shows an example setup for adding AWGN to the test environment with the injection points for the AWGN highlighted. The AWGN noise power used to create the desired SIR within the test volume shall be generated as an independent process with equal power at each output of the channel emulator. It is represented by an un-faded noise driven in an isotropic fashion. The AWGN is combined with the signal at the output of the channel emulator (after the channel emulator fading) but before the signal is fed to the reverberation chamber antennas. The combined signal and AWGN is then fed into the chamber with the same chamber antennas. The SIR is computed as a long-term average.
[image: image3.emf]
Figure 5.1.2.3-1: Example setup for SIR-controlled test scenario for the reverberation chamber and channel emulator methodology.
5.1.2.4
SIR Control for the two-stage methodology
The two-stage method is fundamentally different from the multi-probe boundary array method and this has a significant impact on how omnidirectional AWGN is generated and validated.

In the two-stage method the AWGN is added digitally to the baseband signals. The goal is to emulate omnidirectional AWGN at the UE antennas. Since the signals generated by the second stage of two stage method represent the signals after applying the effect of the receive antennas this has implications for the addition of AWGN. 

If uncorrelated AWGN is added to the second stage signals for each UE receiver this creates a slightly easier test environment where each receiver sees uncorrelated noise. However, when the UE is placed in an actual omnidirectional noise field, the noise reaching each of the recovers is correlated by the same amount as the antennas are correlated. The impact of using uncorrelated AWGN depends on the antennas in question. Highly correlated antennas would see the same AWGN signal at each receiver but very low correlated antennas would expect see uncorrelated AWGN which is easier to process. For typical devices the performance difference has been measured at around 0.5 dB. 

To fully represent the impact of omnidirectional AWGN on the wanted signals being generated for each receiver after the antennas, it is therefore necessary to correlate the AWGN according to the antenna correlation for an isotropic field. 

To validate the control of SIR, the measurement setup shown in Figure 5.1.2.4-1 below may be used.
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Figure 5.1.2.4-1: Verifying SIR level for the two-stage method

Note: The signals from the vertical polarization and horizontal polarization have a different meaning from the multi-probe method. For the multi-probe method, the signal from vertical polarization antenna represents the vertical polarized signal in the real propagation environment. But for two-stage method, the signal from the vertical polarization antenna represents the signal intended for one receiver, which has had the dual-polarized channel environment and antenna pattern applied. The same is true for the horizontal antenna. Thus the signals from each probe antenna include AWGN components from both polarizations.

The actual system components shown in the diagram are indicative of functions and may or may not be integrated.

The procedure below shall be used to verify SIR control for a given target SIR.

1.
Configure the spectrum analyzer with the settings given in Table 5.1.2.4-1 below
2.
Load the target channel model into the channel emulator (e.g. SCME UMa, SCME UMi) and start the emulation

3.
Configure the system gains for the LTE signals and interfering signal to achieve the target SIR
4.
Disable the interfering signal

5.
Connect a vertically polarized reference dipole to the spectrum analyzer via a cable and place inside the chamber at the center of the test zone
6.
Measure the received power with the spectrum analyzer over a duration sufficient to achieve statistical significance as defined in clause 12.3.6.2 and record the value as

PSIG_MEAS_VER
7.
Compensate for the loss of the cable (αCABLE) and the gain of the dipole (GDIPOLE) such that


PSIG_ VER  = PSIG_MEAS_VER - αCABLE – GDIPOLE
8.
Repeat steps 5 to 7 with the magnetic loop and get


PSIG_ HOR  = PSIG_MEAS_HOR - αCABLE – GLOOP 

9.
Disable the LTE signal source and enable interference injection (depending on the system configuration this may be configured within the channel emulator itself or in an external signal generator)

10.
Connect a reference dipole to the spectrum analyzer via a cable and place inside the chamber at the center of the test zone

11.
Measure the received interfering signal power with the spectrum analyzer over a duration sufficient to achieve statistical significance and record the value as


PINT_MEAS_VER
12.
Compensate for the loss of the cable (αCABLE) and the gain of the dipole (GDIPOLE) such that


PINT_ VER  = PINT_MEAS_VER - αCABLE – GDIPOLE 

13.
Repeat steps 10 to 12 with the magnetic loop and get


PINT_ HOR  = PINT_MEAS_HOR - αCABLE - GLOOP 

14.
Calculate the achieved signal to interference ratio for vertical polarization branch as 
SIRACHIEVED_VER = PSIG_ VER  - PINT_ VER  
Calculate the achieved signal to interference ratio for horizontal polarization branch as 
SIRACHIEVED_HOR = PSIG_ HOR  - PINT_ HOR  
and validate that SIRACHIEVED_VER  and SIRACHIEVED_HOR matches the target SIR.
Table 5.1.2.4-1: Spectrum analyzer settings for SIR control verification

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency 

in 3GPP TS 36.508
as required per band

	Span
	MHz
	91

	Resolution BW
	kHz
	30

	Video BW
	MHz
	≥ 10

	Number of points
	
	> 200

	Number of averages
	
	Sufficient to achieve statistical significance as defined above

	NOTE 1:
Span is shown using the assumption of a 10 MHz LTE RF channel BW and would be adjusted accordingly for an alternate RF channel BW.


Care shall be taken to ensure that the signal level measurement in step 6 and the interfering signal level measurement in step 11 are sufficiently above the noise floor of the measurement system as to not impact the final SIR level. A horizontally polarized reference dipole may be used as opposed to the magnetic loop as long as the theta gain pattern is properly accounted for.
<< Unchanged content omitted >>
12
MIMO OTA test procedures
12.1
Anechoic chamber method with multiprobe configuration test procedure
12.1.1
Base Station configuration

The SS parameter settings shall be set according to Clause 7.1.
The emulated antenna array configuration shall be set according to Clause 8.5.
12.1.2
Channel Models

The applicable channel models are defined in Clause 8.2. 

12.1.3
Device positioning and environmental conditions

The positioning of the device under test within the test volume shall be set as defined in Clause 9.4.

The environmental requirements for the device under test shall be set as defined in Annex D.
12.1.4
System Description

12.1.4.1
Solution Overview
The setup described in Clause 6.3.1.1 shall be used.
12.1.4.2
Configuration
The concept and configuration of the test setup is given in Clause 6.3.1.1.1.
12.1.4.3
Calibration

The calibration procedure is specific to the test concept and configuration, therefore is unique for each implementation. The calibration procedure shall be documented by each lab, with enough details to allow third party verification. Examples for signal level calibration are given in Annex F.

12.1.5
Figure of Merit

The performance metric is given in Clause 5.
12.1.6
Test procedure

12.1.6.1
Initial conditions

Initial conditions are a set of test configurations the UE shall be tested in and the steps for the SS to take with the UE to reach the correct measurement state for each test case.

1. Ensure environmental requirements of Annex A are met.

2. Configure the test system according to Clauses 12.1.1 and 12.1.2 for the applicable test case.

3. Verify the implementation of the channel model as specified in Clause 12.1.2.

NOTE: 
The verification of the channel model implementation can be part of the laboratory accreditation process i.e. performed once for each channel model, and will remain valid as long as the setup and instruments remain unchanged. Otherwise the channel model validation may need to be performed prior to starting each throughput test.
4. Position the UE in the chamber according to Clause 12.1.3.

5. Power on the UE.

6. Set up the connection.
12.1.6.2
Test procedure

The following steps shall be followed in order to evaluate MIMO OTA performance of the DUT:

1. Measure MIMO OTA throughput from one measurement point. MIMO OTA throughput is the minimum downlink power (or SIR) resulting in a throughput value of 70% of the maximum theoretical throughput.  The downlink power (or SIR) step size shall be no more than 0.5 dB when RF power level is near the LTE MIMO sensitivity level. Measurement duration shall be sufficient to achieve statistical significance that is TBD.
NOTE 1: 
The initial RS EPRE can be set to the user's freely selectable level. 
Recommended initial RS EPRE is found in Tables 7.1-1 and 7.1-2. For the SIR control tests, ensure that the default signal level is set such that the target SIR values can be achieved when utilizing the SIR validation procedure defined in clause 5.1.2.1.
NOTE 2: 
The throughput value target DL power level (or SIR) can be changed using user's freely selectable algorithm.
NOTE 3:
 Assuming that the default signal level meets the criteria in NOTE 1, the interference level will be adjusted to achieve the target SIR.
2. Rotate the UE around vertical axis of the test system by 30 degrees and repeat from step 1 until one complete rotation has been measured i.e. 12 different UE azimuth rotations.

3. Repeat the test from step 1 for each specified device orientation. A list of orientations is given in Annex E.
4. The postprocessing method to calculate the average MIMO Throughput is defined in 5.2.1.
12.1.7
Measurement Uncertainty budget

The measurement uncertainty budget for the test methodology is given in Annex B.

12.2
Reverberation chamber test procedure
12.2.1
Base Station configuration

The SS parameter settings shall be set according to Clause 7.1.
The emulated antenna array configuration shall be set according to Clause 8.5. For the isotropic channel model based on NIST, the base station antennas shall be uncorrelated.
12.2.2
Channel Models

The applicable channel models are defined in Annex C.

12.2.3
Device positioning and environmental conditions

The positioning of the device under test within the test volume shall be set as defined in Clause 9.4.

The environmental requirements for the device under test shall be set as defined in Annex D.
12.2.4
System Description

12.2.4.1
Solution Overview
The setup described in Clause 6.3.2.1 or Clause 6.3.2.2 shall be used, depending on the applicable test case.
12.2.4.2
Configuration
The concept and configuration of the test setup is given in Clause 6.3.2.1 or Clause 6.3.2.2, depending on the applicable test case.
12.2.4.3
Calibration

The calibration procedure is specific to the test concept and configuration, therefore is unique for each implementation. The calibration procedure shall be documented by each lab, with enough details to allow third party verification. Examples for signal level calibration are given in Annex F.
12.2.5
Figure of Merit

The performance metric is given in Clause 5.
12.2.6
Test procedure

12.2.6.1
Initial conditions

Initial conditions are a set of test configurations the UE shall be tested in and the steps for the SS to take with the UE to reach the correct measurement state for each test case.

1. Ensure environmental requirements of Annex A are met.

2. Configure the test system according to Clauses 12.2.1 and 12.2.2 for the applicable test case.

3. Verify the implementation of the channel model as specified in Clause 12.2.2.

NOTE: 
The verification of the channel model implementation can be part of the laboratory accreditation process i.e. performed once for each channel model, and will remain valid as long as the setup and instruments remain unchanged. Otherwise the channel model validation may need to be performed prior to starting each throughput test.
4. Position the UE in the chamber according to Clause 12.2.3.

5. Power on the UE.

6. Set up the connection.
12.2.6.2
Test procedure

The following steps shall be followed in order to evaluate MIMO OTA performance of the DUT:

1. Generate a test signal by the SS. The SS transmits the signal through the test system to the DUT.
2. Search for the minimum average DL RS ERPE (or SIR) level resulting in a MIMO OTA throughput of at least 70 % of the maximum theoretical throughput. The measurement procedure shall be based on sending a pre-defined number of subframes for each throughput sample for each DL RS EPRE (or SIR) level. When all samples have been collected for a specific DL RS EPRE (or SIR) level, the procedure is repeated for other DL RS EPRE (or SIR) levels. Alternatively, the search can be performed for each stirring combination and then average the RS EPRE (or SIR) levels when all throughput samples have been collected.
NOTE 1: 
The initial RS EPRE (or SIR) can be set to the user's freely selectable level. 
Recommended initial RS EPRE is found in Tables 7.1-1 and 7.1-2. For the SIR control tests, ensure that the default signal level is set such that the target SIR values can be achieved when utilizing the SIR validation procedure defined in clauses 5.1.2.2 and 5.1.2.3.
NOTE 2: 
To meet the throughput value target DL RS EPRE (or SIR) level can be changed using user's freely selectable algorithm.

NOTE 3: 
The average throughput calculated from all samples collected for each RS EPRE (or SIR) level is reported as the MIMO OTA throughput.

NOTE 4: The downlink RS EPRE (or SIR) step size shall be no more than 0.5 dB, when RF power level is near the MIMO OTA throughput sensitivity level.
NOTE 5:
 Assuming that the default signal level meets the criteria in NOTE 1, the interference level will be adjusted to achieve the target SIR.
3. The minimum average DL RS EPRE (or SIR) level that results in a MIMO OTA throughput of at least 70 % of the maximum theoretical throughput shall be reported.

12.2.7
Measurement Uncertainty budget

The measurement uncertainty budget for the test methodology is given in Annex B.

12.3
Two-stage method test procedure
12.3.1
Base Station configuration

The SS parameter settings shall be set according to Clause 7.1.
The emulated antenna array configuration shall be set according to Clause 8.5.

12.3.2
Channel Models

The applicable channel models are defined in Clauses 8.2 and Annex C.
12.3.3
Device positioning and environmental conditions

The positioning of the device under test within the test volume shall be set as defined in Clause 9.4.
The environmental requirements for the device under test shall be set as defined in Annex D.
12.3.4
System Description

12.3.4.1
Solution Overview
The setup described in Clause 6.3.1.3 shall be used.
Use of the two-stage method for conformance test depends on the specification of the UE antenna test function which is defined in TR 36.978 [20].
12.3.4.2
Configuration
The concept and configuration of the test setup is given in Clause 6.3.1.3.

12.3.4.3
Calibration

The calibration procedure is specific to the test concept and configuration, therefore is unique for each implementation. The calibration procedure shall be documented by each lab, with enough details to allow third party verification. Examples for signal level calibration are given in Annex F.

12.3.5
Figure of Merit

The performance metric is given in Clause 5.

12.3.6
Test procedure

12.3.6.1
Initial conditions

Initial conditions are a set of test configurations the UE shall be tested in and the steps for the SS to take with the UE to reach the correct measurement state for each test case.

1. Ensure environmental requirements of Annex A are met.

2. Configure the test system according to Clauses 12.3.1 and 12.3.2 for the applicable test case.

3. Verify the implementation of the channel model as specified in Clause 12.3.2.

NOTE: 
The verification of the channel model implementation can be part of the laboratory accreditation process i.e. performed once for each channel model, and will remain valid as long as the setup and instruments remain unchanged. Otherwise the channel model validation may need to be performed prior to starting each throughput test.
4. Position the UE in the chamber according to Clause 12.3.3.

5. Power on the UE.

6. Set up the connection.
12.3.6.2
Test procedure

The following steps shall be followed in order to evaluate MIMO OTA performance of the DUT:

1.
Measure the DUT complex antenna pattern at a nominal -60 dBm downlink power as described in subclause 6.3.1.3 first stage.
2.
Select an appropriate orientation from the measured antenna pattern and establish a radiated MIMO connection to the DUT using the V and H probes as described in subclause 6.3.1.3 second stage. Measure the transmission matrix in the chamber and apply the inverse matrix to the MIMO signal. The DUT orientation at which this is done is selected to optimize the achievable isolation. The unknown gain of the DUT antennas represented by the absolute accuracy of the RSAP measurement is then de-embedded from the measured antenna pattern. This is done by comparing the RSAP measurement from the first stage at the orientation being used in the second stage, to a second RSAP measurement made in the second stage using  a nominal signal of -60 dBm adjusted by the uncorrected antenna gain for that orientation. The difference in the RSAP measurements represents the true antenna gain for that orientation. 

3.
With the desired channel model applied, measure the isolation in dB between each stream as seen by the DUT receiver and ensure it is at least [18] dB averaged over a period of [TBD] frames.

4.
Using the calibrated radiated connection validate monotonicity of the DUT RSAP and RSARP measurements over the range -60 dB, to -80 dBm and +/- 180 degrees. The step size for RSAP shall be [1] dB and the step size for RSARP shall be [5] degrees. 

5.
Once monotonicity has been validated, check the linearity of RSAP at the orientation of the peak antenna gain over the range -60 dBm to -80 dBm is < [1] dB. Check the linearity of RSARP is within [5] degrees over the range +/= 180 degrees. If the uncorrected RSAP or RSARP results do not meet the linearity requirements, calculate and apply a transfer function to the measured patterns to ensure the necessary linearity.

6. Convolve the antenna patterns from stage 1, linearized if necessary, with the channel model in the channel emulator and perform the throughput test.
7.
Record the throughput for each DUT orientation controlled by the channel emulator and each RS EPRE level.

8.
Identify and report the RS EPRE (or SIR) level achieving 70% throughput for averaged throughput.
NOTE 1: 
The initial RS EPRE can be set to the user's freely selectable level. 
Recommended initial RS EPRE is found in Tables 7.1-1 and 7.1-2. For the SIR control tests, ensure that the default signal level is set such that the target SIR values can be achieved when utilizing the SIR validation procedure defined in clause 5.1.2.4.
NOTE 2: 
To meet the throughput value target DL RS EPRE level can be changed using user's freely selectable algorithm.
NOTE 3:
 Assuming that the default signal level meets the criteria in NOTE 1, the interference level will be adjusted to achieve the target SIR.
12.3.7
Measurement Uncertainty budget
The measurement uncertainty budget for the test methodology is given in Annex B.
<< Unchanged content omitted >>
Annex B:
Measurement uncertainty budget
B.1
Measurement uncertainty budget for multiprobe method 
Table B.1-1 Measurement uncertainty budged for multiprobe method

	Description of uncertainty contribution
	Details in 

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS 34.114 [4], E.1-E.2

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

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

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

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

[TS 36.521-1 F.1.3]

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

	7)
Statistical uncertainty of Throughput measurement
	TBD

	8)
Channel flatness within LTE band 
	TBD

	9)
AWGN flatness within LTE band
	TBD

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

	11)
Fading channel emulator output uncertainty
	TBD

	12)
Channel model implementation
	TBD

	13)
Measurement distance
	TBD

	14)
Quality of quiet zone 
	TS 34.114, E.10

	15)
DUT sensitivity drift
	TS 34.114, E.21

	16)
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 [11],
A.12.3

A.12.4

	17)
 sampling grid
	TBD

	18)
Random uncertainty (repeatability)
	TS 34.114, E.14

	Stage 2, Calibration measurement, network analyzer method, TR 25.914 [11] figure 7.5

	19)
Uncertainty of network analyzer 
	TS 34.114, E.15

	20)
Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS 34.114, E.1-E.2

	21)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5

	22)
Mismatch in the connection of calibration antenna
	TS 34.114, E.1

	23)
Influence of the calibration antenna feed cable
	TS 34.114, E.6

	24)
Influence of the probe antenna cable
	TS 34.114, E.6

	25)
Uncertainty of the absolute gain of the probe antenna
	TS 34.114, =E.7

	26)
Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114, E.16

	27)
Measurement distance
	TBD

	28)
Quality of quiet zone
	TS 34.114, E.10


B.2
Measurement uncertainty budget contributors for two-stage method

Table B.2-1 Measurement uncertainty budget contributors for two-stage method 
	Description of uncertainty contribution
	Details in paragraph
	Probability
Distribution
	Divisor
	Comments

	Stage 1, DUT complex antenna pattern measurement (1st stage of two-stage method)

	1)
Mismatch of transmitter chain 
(i.e. between probe antenna and base station simulator) 
	TS 34.114 [4] E.1-E.2
	N
	1
	

	2)
Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
	[image: image5.wmf]3


	Systematic with Stage 1 (=> cancels)

	3)
Influence of the probe antenna cable
	TS 34.114 E.6
	R
	[image: image6.wmf]3


	Systematic with Stage 2 (=> cancels)

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS 34.113 E.7
	R
	[image: image7.wmf]3


	Systematic with Stage 2 (=> cancels)

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

TS 36.521-1 F.1.3 [12]
	R
	[image: image8.wmf]3


	Manufacturer's uncertainty specifications

	6) LTE band channel flatness
	TBD
	
	
	

	7)
DUT receiver amplitude measurement uncertainty
	TBD
	
	
	

	8)
DUT relative phase difference between receiver antennas measurement uncertainty
	TBD
	
	
	

	9)
DUT receiver amplitude linearity
	TBD
	
	
	

	10)
Measurement distance:

a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	TS 34.114 E.9
	R
	[image: image9.wmf]3


	

	11) Quality of quiet zone 
	TS 34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	12
 Uncertainty related to the use of phantoms: (applicable when a phantom is used):

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

b)
Uncertainty related to the use of the Laptop Ground Plane phantom
	TR 25.914 [11]
A.12.3

A.12.4
	R
	[image: image10.wmf]3


	

	13)
 sampling grid
	TS 34.114 E.13
	N
	1
	

	14)
 Random uncertainty (repeatability)

- positioning uncertainty of the DUT against the SAM or DUT plugged into 


the Laptop Ground Plane phantom
	TS 34.114 E.14
	R
	[image: image11.wmf]3


	

	Stage 2, Calibration measurement, network analyzer method

	15)
 Uncertainty of network analyzer 
	TS 34.114 E.15
	R
	[image: image12.wmf]3


	Manufacturer's uncertainty calculator, covers NA setup

	16) Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS 34.114 E.1-E.2
	U
	[image: image13.wmf]2


	Taken in to account in NA setup uncertainty

	17)
 Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
	[image: image14.wmf]3


	Systematic with Stage 1 (=> cancels)

	18)
 Mismatch in the connection of calibration antenna
	TS 34.114 E.1
	R
	[image: image15.wmf]3


	Taken in to account in NA setup uncertainty

	19)
 Influence of the calibration antenna feed cable
	TS 34.114 E.6
	R
	[image: image16.wmf]3


	

	20)
 Influence of the probe antenna cable
	TS 34.114 E.6
	R
	[image: image17.wmf]3


	Systematic with Stage 1 (=> cancels)

	21)
 Uncertainty of the absolute gain of the probe antenna
	TS 34.114 E.7
	R
	[image: image18.wmf]3


	Systematic with Stage 1 (=> cancels)

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114 E.16
	R
	[image: image19.wmf]3


	Calibration certificate

	23)
 Measurement distance:

a)
Offset of calibration antenna's phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	TS 34.114 E.9
	R
	[image: image20.wmf]3


	

	24)
 Quality of quiet zone
	TS 34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	Stage 3a, DUT throughput measurement (conducted 2nd stage of two-stage method)

	25a) Mismatch uncertainty between DUT antenna system radiated connectivity and 
DUT conducted mode test connectivity 
	TBD
	
	
	

	Non-linear effects in the receiver due to mismatch
	TBD
	
	
	

	26a) Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
	[image: image21.wmf]3


	

	27a) Base station simulator: uncertainty of the absolute output level
	TS 34.114 E.17,

TS 36.521-1 F.1.3 [12]
	R
	[image: image22.wmf]3


	Manufacturer's uncertainty specifications

	28a) LTE band channel flatness
	TBD
	
	
	

	29a) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	30a) Channel emulator output uncertainty
	TBD
	R
	[image: image23.wmf]3


	Manufacturer's uncertainty specifications

	31a) Channel model implementation
	TBD
	
	
	

	32a) AWGN flatness within LTE band
	TBD
	
	
	

	33a) Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD
	
	
	

	34a) Throughput measurement: output level step resolution
	TS 34.114 E.18
	R
	[image: image24.wmf]3


	

	33a) Statistical uncertainty of throughput measurement
	TS 34.114 E.19
	N
	1
	

	34a) Throughput data rate normalization
	TS 34.114 E.20
	N
	1
	

	Error associated with estimation of self de-sense using TBD method
	TBD
	TBD
	TBD
	

	Stage 3b, DUT throughput measurement (radiated 2nd stage of two-stage method)

	25b) Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
	[image: image25.wmf]3


	

	26b) Base station simulator: uncertainty of the absolute output level
	TS 34.114 E.17,

TS 36.521-1 F.1.3 [12]
	R
	[image: image26.wmf]3


	Manufacturer's uncertainty specifications

	27b) LTE band channel flatness
	TBD
	
	
	

	28b) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	29b) Channel emulator output uncertainty
	TBD
	R
	[image: image27.wmf]3


	Manufacturer's uncertainty specifications

	30b) Channel model implementation
	TBD
	
	
	

	31b) AWGN flatness within LTE band
	TBD
	
	
	

	32b) Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	TBD
	
	
	

	33b) Throughput measurement: output level step resolution
	TS 34.114 E.18
	R
	[image: image28.wmf]3


	

	34b) Statistical uncertainty of throughput measurement
	TS 34.114 E.19
	N
	1
	

	35b) Throughput data rate normalization
	TS 34.114 E.20
	N
	1
	

	36b) Impact of isolation in between radiated channels including clipping of the fading and 
impact of coupling between DUT antennas on achievable isolation
	TBD
	
	
	

	37b)
 Quality of quiet zone
	TS 34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement


B.3
Measurement uncertainty budget for reverberation chamber method
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

[TS 36.521-1 F.1.3]

	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


B.4
Measurement uncertainty budget for decomposition method
Table B.4-1 Measurement uncertainty budget for decomposition method

	Description of uncertainty contribution
	Details in

	Step 1, UE radiated measurement 

	1)
Mismatch of transmitter chain (i.e. between probe 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 probe antenna cable
	TS 34.114, E.6

	4)
Uncertainty of the absolute antenna gain of the probe 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)
Channel flatness within LTE band 
	TBD

	9)
Measurement distance:

a)
offset of UE phase centre from axis(es) of rotation

b)
mutual coupling between the UE and the probe antenna

c)
phase curvature across the UE
	TS 34.114, E.9

	10)
Quality of quiet zone 
	TS 34.114, E.10

	11)
UE sensitivity drift
	TS 34.114, E.21

	12)
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

	13)
Geometrical and polarization constellations
	TBD

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

	Step 2, Calibration measurement, network analyzer method, TR 34.114 figure B.1

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

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

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

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

	19)
Influence of the calibration antenna feed cable
	TS 34.114, E.6

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

	21)
Uncertainty of the absolute gain of the probe antenna
	TS 34.114, E.7

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

	23)
Measurement distance:

a)
Offset of calibration antenna's phase centre from axis(es) of rotation

b)
Mutual coupling between the calibration antenna and the probe antenna

c)
Phase curvature across the calibration antenna
	TS 34.114

E.9

	24)
Quality of quiet zone
	TS 34.114, E.10

	Step 3, UE conducted measurements, baseband fader

	25)
Mismatch uncertainty between UE antenna system radiated connectivity and UE conducted mode test connectivity
	TBD

	26)
Insertion loss of transmitter chain
	TS 34.114, E.3-E.5

	27)
Base station simulator:  uncertainty of the absolute output level
	TS 34.114, E.17,
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	28)
Channel flatness within LTE band
	TBD

	29)
Channel model implementation
	TBD

	30)
Throughput measurement: output level step resolution
	TS 34.114, E.18

	31)
Statistical uncertainty of throughput measurement
	TDB


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


<< End of changes >>
