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<< 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 >>

<< Unchanged sections omitted >>

7.4.1
Total Radiated Multi-antenna Sensitivity (TRMS) for E-UTRA FDD for Handheld UE in Free Space

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

- Statistical significance
- Test Tolerances



7.4.1.1
Definition and applicability

Requirements in this section are stated for the free space configuration and are applicable to handheld devices.

For the MPAC 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 7.4.1.2. 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 MPAC 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 FDD UE for Release 14 and forward. 
7.4.1.2
Minimum requirements

Handheld UE TRMS minimum performance requirements for E-UTRA FDD 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 7.4.1.2-1.

Table 7.4.1.2-1: Handheld UE TRMS minimum requirements for E-UTRA FDD roaming bands in free space and the primary mechanical mode

	
	Test 1

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

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	1
	dBm/15 kHz
	-94.25
	-92.25

	2
	dBm/15 kHz
	TBD
	TBD

	3
	dBm/15 kHz
	TBD
	TBD

	4
	dBm/15 kHz
	TBD
	TBD

	5
	dBm/15 kHz
	-92.5
	-90.5

	7
	dBm/15 kHz
	TBD
	TBD

	8
	dBm/15 kHz
	TBD
	TBD

	12
	dBm/15 kHz
	TBD
	TBD

	13
	dBm/15 kHz
	TBD
	TBD

	19
	dBm/15 kHz
	TBD
	TBD

	20
	dBm/15 kHz
	TBD
	TBD

	28
	dBm/15 kHz
	TBD
	TBD

	32 (1)
	dBm/15 kHz
	TBD
	TBD

	NOTE 1:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.

NOTE 2:
Applicability for devices supporting 4-receiver architectures is FFS


The normative reference for this clause is TS 37.144 [12] Subclause 8.1.1.1.
7.4.1.3
Test Purpose

The purpose of this test is to ensure that the UE meets the TRMS minimum performance requirements for E-UTRA FDD specified in Subclause 7.4.1.2. 


7.4.1.4
Method of test for Multi-probe Anechoic Chamber
7.4.1.4.1
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 Clause R.1. 
Channel model shall be set according to Clause S.1 and the emulated antenna array configuration shall be set according to Clause S.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 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 R.1 for the applicable test case.
3)
Verify the implementation of the channel model as specified in Annex S.

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.
7.4.1.4.2
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 R.1-1 and R.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 sensititivity 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 sensititivity 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 7.4.1.1.

5)
Repeat Steps 2, 3 & 4 for 70% throughput as specified in Clause 7.4.1.1.
6)
Use postprocessing and averaging method specified in Clause 7.4.1.1 and calculate average TRMS for 70% and 95% throughput levels.

7.4.1.5
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].

7.4.1.5.1
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 R.1. 

Channel model shall be set according to Clause S.1 and the emulated antenna array configuration shall be set according to Clause S.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 R.1 for the applicable test case.
3)
Verify the implementation of the channel model as specified in Annex S.

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.

7.4.1.5.2
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 -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 R.1-1 and R.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 of TR 37.977[29].
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.

7.4.1.6
Test requirements

For Handheld UE TRMS minimum performance test requirements for E-UTRA FDD 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 7.4.1.6-1.

Table 7.4.1.6-1: Handheld UE TRMS minimum test requirements for E-UTRA FDD roaming bands in free space and the primary mechanical mode

	
	Test 1

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

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	1
	dBm/15 kHz
	-94.25+TT
	-92.25+TT

	2
	dBm/15 kHz
	TBD
	TBD

	3
	dBm/15 kHz
	TBD
	TBD

	4
	dBm/15 kHz
	TBD
	TBD

	5
	dBm/15 kHz
	-92.5+TT
	-90.5+TT

	7
	dBm/15 kHz
	TBD
	TBD

	8
	dBm/15 kHz
	TBD
	TBD

	12
	dBm/15 kHz
	TBD
	TBD

	13
	dBm/15 kHz
	TBD
	TBD

	19
	dBm/15 kHz
	TBD
	TBD

	20
	dBm/15 kHz
	TBD
	TBD

	28
	dBm/15 kHz
	TBD
	TBD

	32 (1)
	dBm/15 kHz
	TBD
	TBD

	NOTE 1:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.

NOTE 2:
Applicability for devices supporting 4-receiver architectures is FFS



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

- Test Tolerances



7.4.2.1
Definition and applicability

Requirements in this section are stated for the free space configuration and are applicable to handheld devices.

For the MPAC 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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Where
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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 MPAC 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.
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 S.1
	SCME urban micro-cell

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	38
	dBm/15 kHz
	-95.5
	-93.5

	39
	dBm/15 kHz
	TBD
	TBD

	40
	dBm/15 kHz
	TBD
	TBD

	41
	dBm/15 kHz
	-95.5
	-93.5

	42
	dBm/15 kHz
	TBD
	TBD

	46 (1,2)
	dBm/15 kHz
	TBD
	TBD

	NOTE 1:
This band is an unlicensed band restricted to licensed-assisted operation using Frame Structure Type 3  
NOTE 2:
In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured. 

NOTE 3:
Applicability for devices supporting 4-receiver architectures is FFS


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

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 Clause R.1. 

Channel model shall be set according to Clause S.1 and the emulated antenna array configuration shall be set according to Clause S.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 R.1 for the applicable test case.
3)
Verify the implementation of the channel model as specified in Annex S.

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 R.1-1 and R.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 sensititivity 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 sensititivity 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 postprocessing and averaging method specified in Clause 7.4.2.1 and calculate average TRMS for 70% and 95% throughput levels.


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 S.1
	SCME urban micro-cell

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	38
	dBm/15 kHz
	-95.5+TT
	-93.5+TT

	39
	dBm/15 kHz
	TBD
	TBD

	40
	dBm/15 kHz
	TBD
	TBD

	41
	dBm/15 kHz
	-95.5+TT
	-93.5+TT

	42
	dBm/15 kHz
	TBD
	TBD

	46 (1,2)
	dBm/15 kHz
	TBD
	TBD

	NOTE 1:
This band is an unlicensed band restricted to licensed-assisted operation using Frame Structure Type 3  
NOTE 2:
In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured. 

NOTE 3:
Applicability for devices supporting 4-receiver architectures is FFS



<< Unchanged sections omitted >>

A.5
Anechoic chamber constraints for Radiated Performance of Multiple-antenna Receivers 
A.5.1
General
An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antenna probes located in the chamber transmitting signals with temporal and spatial characteristics for testing multiple antenna devices.

This clause describes the methodologies based on Anechoic RF Chamber, where a number of test antennas are located in different positions of the chamber, and the Device Under Test (DUT) is located at center position. The DUT is tested over the air without RF cables.

A.5.1.1
Multi-probe Anechoic Chamber
An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antennas located in the chamber transmitting signals with temporal and spatial characteristics for testing multiple antenna devices. The method consists of a number of test antennas located in different positions of the chamber, and the device under test (DUT) is located at the center position. The DUT is tested over the air without RF cables.

The Anechoic chamber techniques creates a realistic geometric based spatio-temporal-polarimetric radio channel for testing MIMO performance using Geometric based stochastic channel models as defined in Clause S.1.

The components of the solution include:

-
Anechoic Chamber

-
System Simulator (SS)

-
N channel RF emulator, with OTA Channel Generation Features

-
N linearly polarized antenna elements configured V, H or co-located V&H or slant X polarizations

-
K azimuthally separated antenna positions with predefined angles at radius R

-
Channel model definition for each test case

An illustration of an anechoic chamber is shown in Figure A.5.1.1-1 below.
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Figure A.5.1.1-1: N-element Anechoic Chamber approach (Absorbing tiles and cabling not shown)
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Figure A.5.1.1-2: OTA system level block diagram

A system level block diagram is shown in Figure A.5.1.1-2, which includes the SS to generate the M branch MIMO signal, and an RF Channel Emulator with an OTA Channel Generation Feature to properly correlate, fade, scale, delay, and distribute the signal to each test probe in the chamber. For the selected environmental conditions modelled by the SCME UMa and UMi channel models, the minimum setup configuration can be described as below:

Table A.5.1.1-1: Example of a minimum setup for Boundary Array implementations
 using the Anechoic Chamber Methodology

	
	Full Ring
	Single Cluster

	Minimum number of antenna positions
	8
	3

	Antenna spacing
	45°
	Determined on the setup

	Applicable channel model
	SCME UMa/SCME UMi
	Single Cluster UMa and Single Cluster UMi


The full SCME or Multi-Cluster channel models are defined in Clause S.1. The Single-Cluster model, which is not part of the set of channel models validated in clause 8, would be based on the channel models defined in section S.1 with a set of dithered AoAs around zero degrees.

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.


[image: image9.emf] 


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 center, 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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NOTE:
In the drawing the V-polarized elements are actually orthogonal to the paper (azimuth plane)

Figure A.5.1.1.1-2: OTA chamber antenna setup with eight uniformly spaced dual polarized chamber antennas
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 – sometimes referred to as active antennas – is FFS as noted in Table Q-1.The method of coupling the base station emulator and DUT can be through the standard temporary antenna connectors (conducted two-stage method) or by using 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 in Clause 12.

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 TR 36.978 [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 36.978 [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).

[image: image11.emf]   

DUT 

probe antenna  

  

  

 


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 either a cabled or radiated connection.

The two-stage method is illustrated in Figure A.5.1.2.1-2. In the conducted two-stage method shown in Figure A.5.1.2.1-2 the BS emulator is connected to the MIMO channel emulator and then to the DUT’s temporary antenna ports via approved RF cables. These ports are the standard ones provided for conducted conformance tests. The alternative to using a conducted connection is to use a calibrated radiated connection in an anechoic environment as shown in Figure A.5.1.2.1-3 is the radiated two-stage (RTS) method. 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. Throughput with the DUT’s MIMO antenna influence can be measured using either coupling method. However, only the radiated coupling method intrinsically includes the effects of DUT self-interference and is the method defined for conformance testing in Clause 7.4.

There are two different approaches to convolve the DUT antenna patterns with MIMO channel model.

a) 
Apply antenna patterns to geometric (Ray-based) channel models. Ray-based models support arbitrary antenna patterns under predefined channel modes in a natural way as described above. If Ray-based models like SCME are specified to be used for MIMO OTA testing, then the channel emulator needs to support SCME channel model emulation and convolution with the measured antenna patterns.

b) 
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: Proposed conducted two-stage test methodology for MIMO OTA test

An example implementation of the radiated method of connecting to the EUT in the second stage is shown in Figure A.5.1.2.1-3.
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Figure A.5.1.2.1-3: Alternative connection for the radiated two-stage (RTS) test methodology for MIMO OTA test

Figure A.5.1.2.1-3 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. The only difference between the conducted second stage and the radiated second stage  is to replace the RF cables with the radiated channel inside the chamber. Due to the propagation channel in the chamber, signals transmitted from each probe antenna are received by both DUT antennas which is different from the cable conducted case where the signals are isolated by the cables. 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. This precoding recreates the equivalent of the isolated cable conducted conditions at the receiver but but with radiated self-interference now included.

The establishment of the radiated connection is explained as follows. Assume [image: image15.png]
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 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: image23.png]:("
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If the channel emulator applies the inverse of the radiated channel matrix [image: image25.png]
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, the signal received after the DUT antennas is same as the cable-conducted method as follows:
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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.
Table A.5.2-1 below lists the testing environment conditions along with a diagram and applicable references. The reference coordinate system and orientation of devices in that coordinate system is shown in Figure A.5.2-1 below that includes the mechanical alignment of a phone. For tablets the home button, charging connector and similar components can be used to define top and bottom. For laptops the definitions specified in 3GPP TR 25.914 [3] (and repeated here in Table A.5.2-1) are used. In the case of methodologies utilizing a spatial channel model in Figure A.5.2-1, the X axis points towards the channel model reference. For example in the case of an anechoic chamber utilizing 2D antenna array in the azimuth plane (XY plane from Figure A.5.2-1) this is the direction of the first probe at 0 degrees.

<< Unchanged sections omitted >>
Annex R (normative): Base Station (BS) configuration for Radiated Performance of Multiple-antenna Receivers
R.1
eNodeB emulator settings

The eNodeB emulator parameters shall be set according to Table R.1-1 for FDD and Table R.1-2 for TDD. 
The settings for DL stream 1 and stream 2 are the same.

Table R.1-1: Settings for FDD eNodeB emulator

	eNodeB settings (Note 1)
	Unit
	Value 

	Physical channel

	Connection mode of UE
	
	Connection established

	DL MIMO mode
	
	2 x 2 open loop spatial multiplexing

	Duplex mode
	
	FDD

	Operating band
(UL channel, 
DL channel)
	
	Band 7 (21100, 3100)
Band 20 (24300, 6300)

	Schedule type
	
	Reference Measurement Channel (RMC)

	Reference Channel
	
	R.35 (Note 2)

	Bandwidth DL
	MHz
	10

	Number of RBs DL
	
	50

	Start RB DL
	
	0

	Modulation DL
	
	64QAM

	Maximum Theoretical Throughput
	Mbps
	35.424

	TBS Idx DL
	
	18 (RMC defined, Note 2)

	Bandwidth UL
	MHz
	10

	Number of RBs UL
	
	50

	Start RB UL
	
	0

	Modulation UL
	
	QPSK

	TBS Idx UL
	
	6 (RMC defined)

	Transmit power control
	dBm
	-10/10 MHz, open loop (Note 3)

	PDSCH power offset relative to RS EPRE
	dB
	A = -3
B = -3

	Number of HARQ transmissions
	
	1 (no HARQ re-transmissions)

	AWGN
	
	OFF

	DL power level 
(RS EPRE)
	dBm / 15 kHz
	Set at eNodeB simulator 
with correction from calibration

	Number of subframes for FOM measurement
	
	2000 minimum for static channel

20000 minimum for faded channel
(Note 4)

	NOTE 1:
This set of parameters is aligned with R&S CMW500, Anritsu MTC8820C, AT4 S3110B, 
and Agilent E6621A (to be confirmed).

NOTE 2:
This RMC is defined in 3GPP TS 36.521-1 [12], Table A.3.3.2.1-1. R.35 subframes 1-4 and 6-9 
utilize DL TBS 18, while R.35 subframe 0 utilizes TBS 17 
(See Table A.3.3.2.1-1 Fixed Reference Channel two antenna ports in 3GPP TS 36.521-1 [12]).

NOTE 3:
No uplink power control.

NOTE 4:
These values might need to be increased for frequency and mobile speed reasons.


Table R.1-2: Settings for TDD eNodeB emulator

	eNodeB settings 
	Unit
	Value 

	Physical channel

	Connection mode of UE
	
	Connection established

	DL MIMO mode
	
	2 x 2 open loop spatial multiplexing

	Duplex mode
	
	TDD

	Operating band
(UL / DL channel)
	
	Band 38 (38000)
Band 39 (38450)
Band 40 (39150)
Band 41 (40620)

	Schedule tyoe
	
	Reference Measurement Channel (RMC)

	Reference Channel
	
	Table R.1-3

	Up/Downlink Frame Configuration
	
	1

	Special Frame configuration
	
	7

	Bandwidth DL
	MHz
	20

	Number of RBs DL
	
	100

	Start RB DL
	
	0

	Modulation DL
	
	64QAM

	TBS Idx DL
	
	16 (RMC defined, NOTE 1)

	Bandwidth UL
	MHz
	20

	Number of RBs UL
	
	100

	Start RB UL
	
	0

	Modulation UL
	
	QPSK

	TBS Idx UL
	
	6

	Transmit power control
	dBm
	-10/20 MHz, open loop (NOTE 2)

	PDSCH power offset relative to RS EPRE
	dB
	A = -3
B = -3

	Number of HARQ transmissions
	
	1 (no HARQ re-transmissions)

	AWGN
	
	OFF

	DL power level 
(RS EPRE)
	dBm / 15 kHz
	Set at eNodeB simulator 
with correction from calibration

	Number of subframes for FOM measurement
	
	2000 minimum for static channel

20000 minimum for faded channel
(NOTE 3)

	NOTE 1:
This RMC is defined in Table R.1-3. Subframes 0, 1, 4, 6 and 9 utilize DL TBS 16, subframe 5 is unused for DL data transimission and other subframes are for UL.

NOTE 2:
No uplink power control.

NOTE 3:
These values might need to be increased for frequency and mobile speed reasons.


Table R.1-3: Fixed Reference Channel two antenna ports for 20MHz TD-LTE

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	20

	Allocated resource blocks (Note 3)
	
	100

	Uplink-Downlink Configuration (Note 1)
	
	1

	Allocated subframes per Radio Frame (D+S)
	
	4+2

	Modulation
	
	64QAM

	Target Coding Rate
	
	0.4

	Information Bit Payload (Note 3)
	
	

	  For Sub-Frames 4,9
	Bits
	32856

	  For Sub-Frames 1,6
	
	24496

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	32856

	Number of Code Blocks
(Notes 2 and 3)
	
	

	  For Sub-Frames 4,9 
	
	5

	  For Sub-Frames 1,6
	
	4

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	5

	Binary Channel Bits (Note 3)
	
	

	  For Sub-Frames 4,9 
	Bits
	82800

	  For Sub-Frames 1,6
	
	67968

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	80712

	Max. Throughput averaged over 1 frame (Note 3)
	Mbps
	14.756

	UE Category
	
	≥ 1

	NOTE 1:
As per Table 4.2-2 in TS 36.211 [33].

NOTE 2:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

NOTE 3:
Given per component carrier per codeword


Annex S (normative): Channel Model emulation of the Base Station antenna pattern configuration for Radiated Performance of Multiple-antenna Receivers
S.1
Channel Model(s) 
The following channel models are used in evaluation of MIMO OTA methodologies.

The generic models are

•
SCME Urban micro-cell, and

In addition, the BS antenna assumptions defined in Annex S.2 also apply when emulating the channel models.

In the following we define the cross polarization power ratio a propagation channel as 
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and

•
SVV is the coefficient for scattered/reflected power on V-polarization and incident power on V-polarization;

•
SVH is the coefficient for scattered/reflected power on V-polarization and incident power on H-polarization;

•
SHV is the coefficient for scattered/reflected power on H-polarization and incident power on V-polarization;

•
SHH is the coefficient for scattered/reflected power on H-polarization and incident power on H-polarization.

NOTE:
For Vertical only measurements, the powers per delay are used without regard to the specified XPR values.

The following SCME Urban Micro-cell is unchanged from the original SCME paper, with added XPR values, Direction of Travel, and Velocity.

Table S.1-1: SCME urban micro-cell channel model

	SCME Urban micro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	0.7

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	-13.2

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	146.1

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	-30.5

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	-11.4

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	-1.1

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 67.8

	Mobile speed [km/h] / Direction of travel [(]
	3, 30 / 120

	XPR
(NOTE: V & H components based on assumed BS antennas)
	9 dB


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


The parameters of the channel models are the expected parameters for the MIMO OTA channel models. 
However, the final channel model achieved for different methods could be a combined effect of the chamber and the channel emulator.

The Rayleigh fading may be implementation specific. However, the fading can be considered to be appropriate as long as the statistics of the generated Rayleigh fading are within standard requirement on Rayleigh fading statistics.
Editor's Note (from RAN4): NIST channel model is not ruled out, but before it can be used, more information on the AoA values would need to be provided.
S.2
Base Station antenna pattern configuration
Editor's Note (from RAN4): To include the agreed X-polarized method. Any additional approach would need to be clearly specified.

The emulated BS antennas to be used for all emulation of the channel models defined in Annex S.1 shall be assumed to be dual polarized equal power elements with a fixed 0λ separation, 45 degrees slanted.

The slant 45 degree antenna is an "X" configuration and is modelled as an ideal dipole with isotropic gain and subject to a foreshortening of the slanted radiating element, which is observed to vary as a function of the path angle of departure.  This foreshortening with AoD is a typical slanted dipole behaviour and is a source of power variation in the channel model.  The effective antenna pattern for this antenna is illustrated in Figure S.2-1.

[image: image34.png]Gain Linear

08

06

04

02

150

00

-0 [ 50
Azimuth Angle in deg

100

150

200



[image: image35.png]Gain in 4B

0 o

20

a0

40

50

200 50 00 &0 0 s 0 180

Azimuth Angle in deg





Figure S.2-1: X antenna gain assumption (a) Linear gain (b) dB gain

<< Unchanged sections omitted >>
Annex T (informative): Change history
<< Unchanged sections omitted >>
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