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Definitions, symbols and abbreviations

<<Unchanged sections omitted>>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

3G
3rd Generation

3GPP
3G Partnership Project

3-D
Three Dimensional

AAU
Aalborg University

APD
Angular Power Distribution

ARFCN
Absolute Radio Frequency Channel Number
ATF
Antenna Test Function
BER
Bit Error Ratio

BS
Base Station

BT
Bluetooth

BTS
Base Transceiver Station

CAD
Computer Aided Design

CN
Core Network

CPICH RSCP
Common Pilot Channel Received Signal Code Power

CRC
Cyclic Redundancy Check

DCH
Dedicated Channel

DL
Downlink

DPCH
Dedicated Physical Channel

DPDCH
Dedicated Physical Data Channel

DPCCH
Physical Control Channel

DTCH
Dedicated Traffic Channel

DUT
Device Under Test

EIRP
Effective Isotropic Radiated Power
EIS
Effective Isotropic Sensitivity

ETSI
European Telecommunications Standards Institute

EUT
Equipment Under Test

E-UTRA
Evolved UMTS Terrestrial Radio Access

E-UTRAN
Evolved UMTS Terrestrial Radio Access Network

FDD
Frequency Division Duplex

FS
Free Space

GPS
Global Positioning System

HUT
Helsinki University of Technology

LCD
Liquid Crystal Display

LEE
Laptop Embedded Equipment (e.g. embedded module card embedded in notebooks)

LME
Laptop Mounted Equipment (e.g., plug-in devices like USB dongles)
LTE
Long Term Evolution

NB
Node B

NSA
Normalised Site Attenuation
OTA
Over The Air
PDA
Personal Digital Assistant

QoS
Quality of Service

QPSK
Quadrature Phase Shift Keying (modulation)
RAB
Radio Access Bearer

RB
Radio Bearer

RAN
Radio Access Network

RBW
Resolution Bandwidth

RF
Radio Frequency

RMS
Root Mean Square

Rx
Receiver

SAM
Specific Anthropomorphic Mannequin

SAR
Specific Absorption Rate

SS
System Simulator

TDD
Time Division Duplex

TFCI
Transport Format Combination Indicator

Tx
Transmitter

TRP
Total Radiated Power 

TRS
Total Radiated Sensitivity 

UDP
User Datagram Protocol

UE
User Equipment

UL
Uplink

UMTS
Universal Mobile Telecommunications System 

USB
Universal Serial Bus

UTRA
UMTS Terrestrial Radio Access

VBW
Video Bandwidth 

WLAN
Wireless Local Area Network

WWAN
Wireless Wide Area Network

XPD
Cross-Polar Discrimination of the antenna

XPR
Cross-Polarization ratio of the channel

<<Unchanged sections omitted>>

4.3.6
DUT positioning for total radiated multi-antenna sensitivity

4.3.6.1
Handheld UE – Free Space

The DUT positioning for Handheld UE is done using free space configuration.

4.3.6.1.1
MPAC Positioning Guidelines

The MPAC positioning guidelines of the handheld UE in data mode in the MPAC system shall follow the requirements in Annex A.5.2.1.
4.3.6.1.2
RTS Positioning Guidelines
The RTS positioning guidelines of the handheld UE in data mode in the RTS system shall follow the requirements in Annex A.5.2.2.
4.4
Sampling grid

<<Unchanged sections omitted>>

7.4.2
Total Radiated Multi-antenna Sensitivity (TRMS) for E-UTRA TDD for Handheld UE in Free Space

Editor’s note: This subclause is incomplete. The following items are missing or incomplete:

- Statistical significance

7.4.2.1
Definition and applicability

Requirements in this section are stated for the free space configuration and are applicable to handheld devices, and are not applicable to wrist-worn devices.

For the reference MPAC methodology and the harmonized TDD RTS methodology, the average TRMS of free space data mode portrait (FS DMP), free space data mode landscape (FSDML), and free space data mode screen up (FS DMSU), as defined in Annex E of TR 37.977 [29], when measured at the mid channel shall be lower than the average TRMS requirements specified in subclauses 7.4.2.2. The averaging shall be done in linear scale for the TRMS results at these DUT positions. Two average TRMS quantities are calculated from sensitivity measurements at 70% and 95% throughput, respectively. Average TRMS requirement are shown in the column “Average, 70” and “Average, 95” on the requirement tables.
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Such that MODE is one of {FS_DMP, FS_DML, FS_DMSU}, x is one of {70, 95}, and {PMODE,x,0, …, PMODE,x,11} are the measured sensitivity values at each azimuth position.

For the reference MPAC methodology and the harmonized TDD RTS methodology, if 1 azimuth position does not result in a defined measured sensitivity at 70% or 95% throughput, SMODE,70 or SMODE,95 are calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE PRS-EPRE-MAX (substitution approach) for the one missing result. If 2 azimuth positions do not result in a defined measured sensitivity at 95% throughput, SMODE,95 is calculated using the 10 measured sensitivities and PRS-EPRE-MAX for the two missing results. If more azimuth positions result in undefined values for measured sensitivity at the 70% and/or 95% throughput, then the TRMS requirement for the corresponding throughput levels has not been met by such a device. PRS-EPRE-MAX is defined as -80 dBm/15 kHz and is the maximum downlink RS-EPRE supported by the test system.

The requirements and this test apply to all types of E-UTRA TDD UE for Release 14 and forward. Use of the TDD RTS test method requires the device supports the ATF defined in Annex R, uses only two Rx antennas for the tested band and the antenna pattern shall not change in response to the radio environment.
7.4.2.2
Minimum requirements

Handheld UE TRMS minimum performance requirements for E-UTRA TDD in free space and the primary mechanical mode for 70% and 95% DL throughput with the reference measurement channel defined in Clause 7 of TR 37.977 [29] are defined in Table 7.4.2.2-1.

Table 7.4.2.2-1: Handheld UE TRMS minimum requirements for E-UTRA TDD roaming bands in free space and the primary mechanical mode

	
	Test 1

	Channel Model as defined in Annex M.1
	SCME urban micro-cell

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	38
	dBm/15 kHz
	-95.5
	-93.5

	41
	dBm/15 kHz
	-95.5
	-93.5

	NOTE 1:
In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured. 

NOTE 2:
Applicability for devices supporting 4-receiver architectures is not confirmed.


The normative reference for this clause is TS 37.144 [12] Subclause 8.1.1.2.
7.4.2.3
Test Purpose

The purpose of this test is to ensure that the UE meets the TRMS minimum performance requirements for E-UTRA TDD specified in Subclause 7.4.2.2. 

7.4.2.4
Method of test for Multi-probe Anechoic Chamber
7.4.2.4.1
Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup calls to the DUT according to Annex P.1. 

Channel model shall be set according to Annex M.1 and the emulated antenna array configuration shall be set according to Annex M.2.

Chamber environment constraints and coordinate system shall be the same as described in Annex A.5.1.

Test environment according to Annex O.

The positioning of the device under test within the test volume shall be set as defined in Annex A.5.2.

The calibration procedure is specified in Annex B.2.3.

Positioning Requirements shall be according to Annex A5.2.

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 O are met.
2)
Configure the test system according to Annex P.1 for the applicable test case.
3)
Verify the implementation of the channel model as specified in Annex M.

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 Annex A.5.2.
5)
Power on the UE.
6)
Set up the connection.
7.4.2.4.2
Procedure

1)
Follow Steps 1 and 2 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11].

2)
Set the Downlink signal level to the appropriate REFSENS value defined in Table 7.1.9.5-1 for 95 % throughput of the maximum throughput of the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]) for azimuth position 0. Send continuously uplink power control "up" commands in the uplink scheduling information to the UE to ensure the UE transmits PUMAX level for at least the duration of the Throughput measurement. Measure the average throughput for a duration sufficient to achieve statistical significance TBD.

NOTE 1:
The downlink power step size shall be no more than 0.5 dB when RF power level is near the LTE MIMO sensitivity level. 

NOTE 2:
The initial RS EPRE can be set to the user's freely selectable level. Recommended initial RS EPRE is found in Tables P.1-1 and P.1-2. 

NOTE 3:
The throughput value target DL power level can be changed using user's freely selectable algorithm.

NOTE 4:
For devices that do not reach target throughput, the highest RS EPRE at which throughput is measured shall be -80 dBm/15 kHz. The starting RS EPRE level of the LTE MIMO sensitivity level search does not need to be specified (NOTE 2)

NOTE 5:
For devices that exhibit non-linear throughput behaviour and that achieve target throughput at multiple RF power levels, LTE MIMO sensitivity level is chosen to be lowest measured DL power level which crosses the target throughput level

3)
Repeat Steps 2 for all azimuth positions: Rotate the UE around vertical axis of the test system by 30 degrees and repeat from Step 2 until one complete rotation has been measured i.e. 12 different UE azimuth rotations. A list of orientations is given in Annex A.5.2.

4)
Repeat Steps 2 & 3 for all MODEs as specified in Clause 7.4.2.1.

5)
Repeat Steps 2, 3 & 4 for 70% throughput as specified in Clause 7.4.2.1.

6)
Use post processing and averaging method specified in Clause 7.4.2.1 and calculate average TRMS for 70% and 95% throughput levels.
7.4.2.4A
Method of test for Radiated Two-Stage

Use of the RTS method for conformance test depends on the specification of the UE antenna test function which is defined in TR 36.978 [34].

7.4.2.4A.1
Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup calls to the DUT according to Clause P.1. 

Channel model shall be set according to Clause M.1 and the emulated antenna array configuration shall be set according to Clause M.2 and Annex C of TR 37.977 [29].

Chamber environment constraints and coordinate system shall be the same as described in Annex A.5.1.2.

Test environment according to Annex O.

The positioning of the device under test within the test volume shall be set as defined in Annex A.5.2.

The calibration procedure is specified in Annex B.2.4.

Positioning Requirements shall be according to Annex A.5.2.

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 O are met.
2)
Configure the test system according to P.1 for the applicable test case.
3)
Verify the implementation of the channel model as specified in Annex M.

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 Annex A.5.2.
5)
Power on the UE.
6)
Set up the connection.

7.4.2.4A.2
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 Annex A.5.1.2.1 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 Annex A.5.1.2.1 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 15 dB averaged over at least 200 RSAP measurements.

4)
Using the calibrated radiated connection validate monotonicity of the DUT RSAP and RSARP measurements over the range and step size defined in Annex R.

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 over the range +/= 180 degrees is < 5 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 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 P.1-1 and P.1-2.

NOTE 2: 
To meet the throughput value target DL RS EPRE level can be changed using user's freely selectable algorithm.

7.4.2.5
Test requirements

For Handheld UE TRMS minimum performance test requirements for E-UTRA TDD in free space and the primary mechanical mode for 70% and 95% DL throughput with the reference measurement channel defined in Clause 7 of TR 37.977 [29] are specified in Table 7.4.2.5-1.

Table 7.4.2.5-1: Handheld UE TRMS minimum test requirements for E-UTRA TDD roaming bands in free space and the primary mechanical mode

	
	Test 1

	Channel Model as defined in Annex M.1
	SCME urban micro-cell

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	38
	dBm/15 kHz
	-94.5
	-92.5

	41
	dBm/15 kHz
	-94.5
	-92.5

	NOTE 1:
In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured.
NOTE 2:
Applicability for devices supporting 4-receiver architectures is not confirmed.


<<Unchanged sections omitted>>

A.5.1.1.1
Concept and configuration

For MIMO OTA modelling the geometric channel models are mapped into the fading emulator, converting the geometric channel models into the emulator tap coefficients. This process is illustrated in Figure A.5.1.1.1-1.
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Figure A.5.1.1.1-1: Modelling process

The setup of OTA chamber antennas with eight antenna positions is depicted in Figure A.5.1.1.1-2. The DUT is at the centre, and the antennas are in a circle around the DUT with uniform spacing (e.g. 45( with 16 elements arranged in 8 positions, where each position contains a vertically and horizontally polarized antenna pair). Denoting directions of K OTA antennas with (k, k = 1, …, K, and antenna spacing in the angle domain with ((. Each antenna is connected to a single fading emulator output port. In the figure, for example, antenna A1V denotes the first OTA antenna position and Vertically (V) polarized element, A8H denotes the eight OTA antenna position and horizontally (H) polarized element, etc.
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Figure A.5.1.1.1-2: OTA chamber antenna setup with eight uniformly spaced dual polarized chamber antennas
NOTE:
In the drawing the V-polarized elements are actually orthogonal to the paper (azimuth plane)
A.5.1.2
Radiated Two-Stage
The principle of two-stage MIMO OTA method is based on the assumption that the DUT far-field antenna radiation pattern will contain all the necessary information for evaluation of the DUT's antenna's performance like radiation power, efficiency and correlation and that with channel model approaches, the influence of antenna radiation pattern can be correctly incorporated into the channel model. Thus the method will first measure the DUT's MIMO antenna patterns and then convolve the measured antenna patterns with the chosen MIMO OTA channel models for real-time emulation. The resulting test signal generated by the channel emulator and coupled back into the DUT receivers represents the signal that the DUT receivers would have seen if the DUT had been placed in the desired radiated field. Thus an ideal implementation of the two-stage method provides the same results as an ideal implementation of the boundary antenna array method.

The two-stage method can be used to measure the following figures of merit:

1)
Throughput

2)
TRP and TRS

3)
CQI, BLER

4)
Antenna efficiency and MEG

5)
Antenna correlation, MIMO channel capacity.

In order to accurately measure the antenna pattern of the intact device, the DUT chipset needs to support received amplitude and relative phase measurements of the antennas. The validity of antenna pattern measurement is predicated on the assumption that for the frequency being tested, the DUT antenna pattern is static. Devices than can alter their antenna pattern in real time as a function of the radiated environment is not supported. The method of coupling the base station emulator and DUT uses a specially calibrated radiated connection (radiated two-stage or RTS method) to do the test on throughput, etc., to test how the MIMO antennas will influence the performance. The conducted method of coupling is straightforward but does not capture the impact of radiated leakage from the DUT transmit antennas to the DUT receive antennas, thus in its current form without additional interference estimation the conducted method of coupling in the second stage is not proposed for use in conformance testing. Its description is included for historical completeness of the development of the two-stage method. The radiated method of coupling in the second stage does fully capture radiated leakage and is the method defined for conformance testing.

A.5.1.2.1
Concept and configuration 

The assumption of the two-stage MIMO OTA method is that the measured far field antenna pattern of the DUT's multiple antennas can fully capture the mutual coupling of the multiple antenna arrays and their influence on radiated performance. 
Thus to do the two-stage MIMO OTA test, the antenna patterns of the antenna array needs to be measured accurately in the first stage. In order to accurately measure the antenna pattern of the intact device, the chipset needs to support amplitude and relative phase measurements of the antennas. To achieve this, two new UE measurements have been defined called Reference Signal Antenna Power (RSAP) and Reference Signal Relative Antenna Phase (RSARP). These measurements are defined in TS 36.509 [34].

Stage 1: The measurement of the DUT’s multiple antennas takes place in a traditional anechoic chamber set up as described in Annex A.3, where the DUT is put into the chamber and each antenna element's complex far zone pattern is measured using the RSAP and RSARP measurements defined in TR 36.509 [34]. The influence of human body loss can also be measured by attaching the DUT to a SAM head and or hand phantom when doing the antenna pattern measurements. The characteristics of the SAM phantom are specified in Annex A.2. The chamber is equipped with a positioner, that makes it possible to perform full 3-D far zone pattern measurements for both Tx and Rx radiated performance. As specified in A.3, the measurement antenna shall be able to measure two orthogonal polarizations (typically linear theta (() and phi (() polarizations as shown in Figure A.5.1.2.1-1).
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Figure A.5.1.2.1-1: The coordinate system used in the measurements

Stage 2: Convolve the antenna patterns measured in stage 1 with the chosen MIMO channel model, using a channel emulator and then use the resulting signal to perform the OTA throughput test. The signal is coupled into the DUT using a radiated connection.

The radiated two-stage (RTS) method is illustrated in Figure A.5.1.2.1-2. The BS emulator is connected to the MIMO channel emulator and then to the DUT using a calibrated radiated connection in an anechoic environment. This coupling technique exploits the Eigen modes of the transmission channel in the anechoic chamber to provide isolated radiated connections between the probe antennas and each DUT receiver after the DUT antenna.

To convolve the DUT antenna patterns with MIMO channel model.

a) 
Apply antenna patterns to correlation-based channel models. With a correlation matrix calculation method for arbitrary antenna patterns under multipath channel conditions, the correlation matrix and the antenna imbalance can be calculated and then emulated by the channel emulator.
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Figure A.5.1.2.1-2: Radiated two-stage (RTS) test methodology for MIMO OTA test

Figure A.5.1.2.1-2 shows the radiated coupling method for the second stage. Two probe antennas with polarization V and H are co-located in the anechoic chamber. Note, unlike in the first stage where the V and H probes are used at different times, in the second stage both V and H probes are used simultaneously. An example implementation of this would be the dual polarized configuration described in Annex A.3. Due to the propagation channel in the chamber, signals transmitted from each probe antenna are received by both DUT antennas. However, by precoding the transmitted signals using spatial multiplexing techniques it is possible by calculating the radiated channel matrix and by applying its inverse to the transmitted signals, to create an identity matrix allowing the transmitted signals to be received independently at each DUT receiver after the DUT antenna.

The establishment of the radiated connection is explained as follows. Assume [image: image9.png]


and[image: image11.png]


 are the transmitted signals from the base station emulator, after applying the desired channel model and convolution with the complex antenna pattern we get:
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The radiated channel matrix between the probe antennas and the DUT antennas is [image: image17.png]:("
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If the channel emulator applies the inverse of the radiated channel matrix [image: image19.png]


 to  [image: image21.png]f(x1)
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, the signal received after the DUT antennas is same as if the channel emulator were directly connected to equivalent antenna connectors:

[image: image24.png](=G 26 50 =6 Das)=(os)




The above example of RTS using two probe antennas is applicable to UE with two Rx antennas. For UE with > 2 Rx antennas, the RTS method is FFS.
A.5.2
Testing environment conditions

This annex lists the testing environment conditions for all DUT types relevant to testing of radiated performance of multiple-antenna receivers. The use cases (positioning) discussed here are applicable for all methodologies, however the orientation and rotations described may be applicable for some methodologies only, and not for some other methodologies.
<<Unchanged sections omitted>>

A.5.2.1
MPAC Positioning Guidelines
In order for the anechoic chamber multi probe system to emulate the intended propagation statistics within the region of space incident on the DUT antennas, two concepts determine the associated antenna spacing and positioning guidelines. The maximum antenna spacing in the DUT must be within the limit determined by the anechoic chamber multi probe system’s ability to emulate the spatial correlation function, and the power stability of the field incident on the DUT antennas must be verified.
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Figure A.5.2.1-1: Illustration of DUT antenna spacing and positioning guidelines;
a) guideline in this specification, b) example with DUT meeting the maximum allowed antenna separation but not within the verified power stability region

As the channel model validation procedures for spatial correlation as defined in [29] are to be performed at the downlink center frequency in 3GPP TS 36.508 [10], the maximum antenna spacing in the DUT shall be defined by the wavelength per operating band center frequency of the middle channel of the downlink at the band under test. A verification of power stability can be derived from the spatial correlation verification results in [29]. Given that this verification spans a region with a diameter of 1 wavelength centered on the axis of rotation in the chamber and that the performance demonstrated by multiple 8 dual-polarized probe MPAC implementations in [29] has shown good alignment up to 0.85 lambda for SCME UMi, the region where DUT antennas shall be placed (the MIMO OTA test zone) shall be defined in the same way (see Figure A.5.2.1-1a above) but further confined by the 0.85 lambda antenna separation limit for SCME UMi. Figure A.5.2.1-1b above provides an example of a DUT meeting the maximum allowed antenna separation but not within the verified power stability region; this placement of a DUT shall not be used. The optimization of the maximum allowed antenna spacing of the DUT and the verification of the test zone, as well as SCME UMa considerations, are expected as part of future work.

The region of uniform power delivered by the MIMO system (unverified) as shown in Figure A.5.2.1-1 is an indication of the region where the wavefront may maintain its uniformity. Therefore, it may be used to extend the test volume but is not allowed at this time. It is considered unverified because the validation of spatial correlation provides a verification that spans a region of 1 lambda. Any further extension of the verified test volume would require an update to the spatial correlation validation in [29].

The DUT maximum antenna spacing and placement within the test zone shall be defined by the following two-tier methodology due to the primary radiation modes below 1 GHz and above 1 GHz and how they relate to the device and/or antenna size.

When operating in frequency bands lower than 1GHz, the physical center of the DUT shall be placed in the chamber center, the DUT shall be completely contained within the volume defined by the respective operating band equivalent to a sphere with a radius equal to 0.425 wavelength as defined in Tables A.5.2.1-1 and Tables A.5.2.1-2 for SCME UMi.

When operating in frequency bands higher than 1 GHz the equidistant physical point between the DUT MIMO antenna system shall be placed in the chamber center following guidance defined in Figure A.5.2.1-2 and the DUT MIMO antenna system (further physical dimension or both antennas’ maximum E-field regions) shall be completely contained within the volume defined by the respective operating band equivalent to a sphere with a radius equal to 0.425 wavelength defined in Tables A.5.2.1-1 and Tables A.5.2.1-2 for SCME UMi. The definition of the equidistant point between the DUT MIMO antennas shall be provided through manufacturer declaration for all operating bands where the maximum antenna separation requirement has been met. The location of the equidistant point(s) for each operating band shall be identified by the manufacturer by either marking the device utilized for MIMO OTA testing or by providing clear instructions to the test operator as to the physical location(s).

The two-tier approach is needed to be technically correct when defining the MPAC test volume. While the geometric center can be used in frequencies lower than 1GHz, the same methodology will add unnecessary limitations for test applicability in frequencies above 1GHz. In this case, manufacturers will need to provide further information to enable the proper definition of the test volume. Ideally, the same approach adopted in frequencies above 1 GHz could be used for all frequencies. However, the extra positioning work and need to identify the equidistant point between the DUT MIMO antennas isn't necessary for frequencies under 1GHz since the wavelength dimension is large enough for all handsets, phablets, and most tablets and laptops.
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Figure A.5.2.1-2: Definition of distance between MIMO antennas and DUT center, maximum physical separation, or E-field maximum separation defined by manufacturer

Table A.5.2.1-1: Test zone dimension definition vs. FDD band of operation

	Band
	DL middle channel frequency (MHz)
	0.85*Wavelength (m) middle channel
	Test volume sphere radius (m)

	1
	2140
	0.119
	0.060

	2
	1960
	0.130
	0.065

	3
	1842.5
	0.138
	0.069

	4
	2132.5
	0.119
	0.060

	5
	881.5
	0.289
	0.145

	6
	880
	0.290
	0.145

	7
	2655
	0.096
	0.048

	8
	942.5
	0.270
	0.135

	9
	1862.4
	0.137
	0.068

	10
	2140
	0.119
	0.060

	11
	1485.9
	0.171
	0.086

	12
	737.5
	0.346
	0.173

	13
	751
	0.339
	0.170

	14
	763
	0.334
	0.167

	17
	740
	0.344
	0.172

	18
	867.5
	0.294
	0.147

	19
	882.5
	0.289
	0.144

	20
	806
	0.316
	0.158

	21
	1503.4
	0.169
	0.085

	22
	3550
	0.072
	0.036

	23
	2190
	0.116
	0.058

	24
	1542
	0.165
	0.083

	25
	1962.5
	0.130
	0.065

	26
	876.5
	0.291
	0.145

	27
	860.5
	0.296
	0.148

	28
	780.5
	0.326
	0.163

	29
	722.5
	0.353
	0.176

	30
	2355
	0.108
	0.054

	31
	465
	0.548
	0.274

	32
	1474
	0.173
	0.086


Table A.5.2.1-2: Test zone dimension definition vs. TDD band of operation

	Band
	DL middle channel frequency (MHz)
	0.85*Wavelength (m) middle channel
	Test Volume Sphere Radius (m)

	34
	2017.5
	0.126
	0.063

	35
	1880
	0.136
	0.068

	36
	1960
	0.130
	0.065

	37
	1920
	0.133
	0.066

	38
	2595
	0.098
	0.049

	39
	1900
	0.134
	0.067

	40
	2350
	0.108
	0.054

	41
	2593
	0.098
	0.049

	42
	3500
	0.073
	0.036

	43
	3700
	0.069
	0.034

	44
	753
	0.338
	0.169


The positioning of the device under test within the test volume shall be set as defined above and in [29].

The environmental requirements for the device under test shall be set as defined in Annex M. 
A.5.2.2
RTS Positioning Guidelines and test zone dimensions

For the RTS system, it can be seen from earlier analysis in the MU budget in TR 37.977 Annex B.2 [29] that the MU elements related to device size are linked to uncertainties in the field uniformity of the anechoic chamber used for the first stage antenna pattern measurement. The RTS MU budget was calculated with the assumption that the device size was within the limits defined by the chamber quiet zone defined in TS 34.114 Annex A2.3 [6], TS 34.114 E.10 [6] and as measured in TS 34.114 Annex G.2 [6]. The applicable device size for RTS is therefore the same as used for SISO TRS in the same chamber.

The second stage of the RTS method which involves a cable replacement radiated connection, is assumed in the MU budget to take place in the same anechoic chamber as was used for the first stage antenna pattern measurement, and there are no additional test zone considerations required. The use of a different chamber for the second stage is not precluded, but would require a recalculation of the impact of any difference between the anechoic chambers.

For device positioning within the test zone for the first stage the normal positioning accuracy assumed in TR 37.977 Table B.2-1 [29] of 1 degree is considered insignificant compared to the raster used for the antenna measurement.

For the second stage positioning impact, and with the assumption the chamber is the same as used in the first stage, the issue is the repeatability of the position used from the first stage. This is likely to be less than the 1 degree absolute positioning error so is again assumed to be negligible.
Annex B (normative): Calibration

B.1
General

The relative power values of the measurement points will be transformed to absolute radiated power values (in dBm) by performing a calibration measurement. The calibration measurement is done by using a reference antenna with known efficiency or gain values. In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (
[image: image28.wmf]total

L

) from the DUT to the measurement receiver/NB/BS simulator is calibrated out. 

The gain and/or radiation efficiency of the reference antenna shall be known at the frequency bands in which the calibrations are performed. Recommended calibration antennas are monopole antennas or sleeve dipoles tuned for the each frequency band of interest. Alternatively, other methods may be used if they ensure an equal or greater level of accuracy. A network analyzer is recommended to be used to perform the calibration measurement. Also other devices can be used to measure attenuation. 

The principle is based on the use of calibration/substitution antennas presenting an efficiency known with a sufficient accuracy in the measurement bandwidths. Such a calibration antenna is placed on the DUT positioner at the exact UE location used for TRP and TRS measurement. It is possible to use a mechanical piece to place the calibration antenna on the positioner. This mechanical piece should not present any electromagnetic properties, which could influence the frequency response and the radiation properties of the calibration antenna. 

<<Unchanged sections omitted>>

B.2.3
Calibration procedure for Anechoic chamber method with Multiprobe configuration

The system needs to be calibrated in two steps in order to ensure that the absolute power is correct. The first calibration steps ensures the accurate generation of the channel model in the centre of the chamber as required by Annex L.4. 
The second step validates the total power as would be seen by the DUT and allows for that power to be scaled up or down if necessary.

Considering the complexity of the system various way to calibrate are possible. The end goals are however the same no matter the exact procedure. The two steps must achieve the following:


Step 1: This step is used to equalize the power in the centre coming from the different probes. This being a relative measurement is very robust and with minimal uncertainty. It is sufficient to use instruments calibrated according to the manufacturer's specifications and the measurements require no additional calibration. This step is done for both vertical and horizontal polarizations. The relative differences between probe path losses are recorded and used (typically in the fading emulator) to adjust the generated fading signals for each probe. Example measurement set-up is shown in Figure B.2.3.1-1.

NOTE 1: 
If Step 1 is performed as an absolute measurement accounting for the cable and reference antenna gains Step 2 can be omitted.


Step 2: This step is used to measure the total absolute power of at least one polarization in the centre of the ring. Then assuming that validation of the channel models has been done, the total power available to the DUT in the centre of the chamber can be computed. If necessary the power can be scaled up or down to achieve the desired power level. Since this is an absolute power measurement, the measurement cable and reference antenna gains have to be accounted for.

NOTE 2: 
To minimize measurement uncertainty the passive and active components of the system may be calibrated independently as well as at different intervals.

NOTE 3: 
Step 2 of the calibration should be performed with the channel model loaded and LTE signalling active. Sufficient amount of time averaging is required because of the fading nature of the models used.

NOTE 4: 
Various ways of performing the two steps may exist depending on the equipment used. 
The lab is responsible for providing a comprehensive calibration procedure.

NOTE 5: 
Steps one and two may be combined with the channel verification procedure.

NOTE 6: 
The calibration must be performed for all frequencies of interest.

B.2.3.1
Example Calibration Procedure

The calibration procedure outlined below is only one possibility based on a concrete measurement set-up. Improvements can be made to minimize measurement uncertainty.

Step 1 (see Figure B.2.3.1-1)

1. Place a vertical reference dipole in the centre of the chamber, connected to a VNA port, with the other VNA port connected to the input of the channel emulator unit.

2. Configure the channel emulator for bypass mode (NOTE this might not be available in all instruments)

3. Measure the response of each path from each vertical polarization probe to the reference antenna in the centre.

4. Adjust the power on all vertical polarization branches of the channel emulator so that the powers received at the centre are equal.

5. Repeat the steps 1 to 4 with the magnetic loop and horizontally polarized probes instead, and adjust the horizontal polarization branches of the channel emulator.

NOTE:
At this stage all vertical polarization paths have equalized gains, and so do all horizontal polarization paths. The two polarizations however do not necessarily produce the same signal strength in the centre of the chamber – this most commonly happens if two physically different channel emulators are used for the two polarizations. The resulting power imbalance can be accounted for either at this step or adjusted at point 7 of step 2.
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Figure B.2.3.1-1: Setup for VNA measurements

Step 2 (see Figure B.2.3.1-2)

1. Place a vertical reference dipole in the centre of the chamber connected to a spectrum analyzer via an RF cable. NOTE: A power meter can also be used.

2. Record the cable and reference dipole gains.

3. Load the target channel model

4. Start the LTE signalling in the base station emulator with the required parameter identical to the measurements conditions (some special instrument options might be necessary).

5. Average the power received by the spectrum analyzer for a sufficient amount of time to account for the fading channel – one full channel simulation might be unnecessary.

6. Repeat steps 1 to 4 with a magnetic loop for the horizontal polarization (NOTE: this way no prior validation of the channel model is required)

7. Calculate the total power received at the test area as the sum of the power in the two polarizations.

8. Adjust the power in the two polarizations if necessary. The power adjustment can be a simple scaling of the power up or down or adjustment of the XPR due to slight differences in the fading unit's branches. Depending on the adjustment needed, it can be done at the base station emulator or the channel emulator or both.
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Figure B.2.3.1-2: Example setup for step 2 of the calibration

B.2.4
Calibration procedure for RTS method
For the RTS method, only the DUT reporting RSAP calibration is to perform. The RTS method depends on reported RSAP to do the antenna pattern measurement, and the power calibration for radiated second-stage throughput test. Since these reported readings do not come from a calibrated measurement instrument, their accuracies are often subject to questioning.  Below procedure provides method for proper calibration to validate the reported RSAP accuracy.
●
DUT reporting RSAP calibration calibration:

With proper spherical coordinate definition of mobile terminal setup, the receive antenna pattern at any coordinate (θi, ϕi) can be expressed as:


P(θi, ϕi)= RSi  (1)

The test point (θi, ϕi) can be at any point on the 4π solid angle of the coordinate. More precisely, the reported RS of the UE can be expressed as:


RSi (x)= m(x)*x+c  (2)

where m(xi) and c is a function of signal strength independent of testing point angular coordinates. x is the actual incident field power density that can be derived from the signal power and test range loss.  The above equation (2) assumes that the signal variables in both sides of the equation are expressed in decibels or dB's. When m(x)=1 and c=g0, where g0 is the received antenna gain at the test point, we would have declared that the RS report is a true reading of the signal strength.  But in reality, m(x) can be biased by either the signal level relative to the receiver's detector operating condition, or by application software programming errors. Meanwhile, the offset constant c can also be biased by either the noise floor of the receiver and/or other artificial factors in the UE RS reporting. Therefore, a Taylor's series can be introduced to have a better representation of the RS report value:


RSi (x)= c +ax+ bx2 +dx3 + ex4 + .... (3)

In theory, equation (3) may require many terms to represent the RS report accurately.  However, since the reported RS reading in the receive antenna pattern in (1) has a limited signal dynamic range, the following  three term expression is enough to correct for the reporting errors:


RSi (x)= c +ax+ bx2 +o(x3)  (4)

The third order term o(x3) is ignored since it is not significant for limited signal dynamic range.

The RS pattern in (1) will need to be calibrated for its possible reporting errors.  One practical method is to introduce signal correction terms in equation (4) to enhance the accuracy.  This process is also referred to as the linearization.  The following steps describe what is needed to linearize the RS report and the RS antenna pattern in (1):

1). Find the maximum RS reading in the pattern obtained in (1) from all angular test points, and at all polarizations.  Set this point as the reference point and record signal generator power P0 and let x0 =P0-Test Range Path Loss (in dB), and note the maximum RS reading as r0.

2). At the reference test point, decrease the signal generator's output power Pi, and let xi = Pi-Test Range Path Loss (in dB), starting from P0 with a step size (1.0 dB by default) to a power range so as to obtain the full RS reading range while searching from the reference point r0 when the test system dynamic range allows, or to 20 dB by default when the system dynamic range is known to be limited, whichever is lower in range. Record the corresponding RS reading of the UE as ri. Repeat this process until all angular test points are completed as required.

3). Use those pairs of data obtained in Step 2) (ri, xi) as the input of the quadratic fitting curve in (4) to formulate the Algorithm LSF (Least Square Fit) to calculate the three coefficients (a,b, and c) in:


Err(a,b,c)= Σ(c + axi + bxi - ri)2  (5)

Please note that the power range of the linearization can be limited to 20 dB as stated in Step 2) since the lower RS readings than the processed range do not contribute to the overall receive antenna pattern as much.

Once the three coefficients (a,b, and c) are obtained in LSF of (5), the use of the inverse function of Equation (4) to convert RS pattern in (1) into the normalized incident power pattern.  This process completes the error correction for both constant biased and the non-linearity in the RS report from the UE within the limited signal dynamic range as tested in (1) and Step 1. Similar steps can be applied for error corrections if multiple receiver RS are involved in the testing.

Of course, the reference test point can also be further tested for the threshold of the receiver sensitivity and/or throughput knee-point for the required calibrated reference power level.
Annex C (informative): Measurement test report

C.1
General

Operational mode, model and serial number of the DUT shall be documented to the test report. Whether the DUT is positioned against the phantom head with a specific device holder or by other means it should be described in the test report. When the DUT is positioned on the hand phantom it should be described in the test report. When the DUT is positioned on the laptop ground plane phantom it should be described in the test report. A photograph of the test setup is recommended.

Test equipment list should be included in the test report.
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 [dBm] values shall be reported for each tested channel and for each side of the head and a frequency band average shall be calculated by using the following equations when the phantom head is used.
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 [dBm] values shall be reported for each tested channel and for each hand and a frequency band average shall be calculated by using the following equations when the hand phantom is used.
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 [dBm] values shall be reported for each tested channel and a frequency band average shall be calculated by using the following equations when the laptop ground plane phantom is used and when the embedded devices are tested.
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The expanded measurement uncertainty, assessed according Annex E, shall be documented next to the corresponding TRP and TRS results. The uncertainty calculation shall be made available.

<<Unchanged sections omitted>>
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