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Intro
Attached is a TP to 37.976 v.1.2.0 to incorporate the test plan for MIMO OTA using candidate methodology 3 (two-stage method) and associated updates to the earlier description of the methodology.
--- Text Proposal Starts ----

6.3.1.3
Candidate Solution 3

The principle of two-stage MIMO OTA method is based on the assumption that the far-field antenna radiation pattern will contain all the necessary information for evaluation the 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 MIMO antenna patterns and then incorporate the measurement antenna patterns with chosen MIMO OTA channel models for real-time emulation. 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. The BTS and DUT can then be connected to the real-time channel emulator through the standard temporary antenna connectors to do the test on throughput, etc., to test how the MIMO antennas will influence the performance.
6.3.1.3.1
Concept and Configuration

The assumption of the two-stage MIMO OTA method is that the measured far field antenna pattern of the multiple antennas can fully capture the mutual coupling of the multiple antenna arrays and their influence. 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.
Stage 1: Test multiple antennas system in a traditional anechoic chamber.  The chamber for antenna pattern measurement is set up as described in 3GPP TS 34.114 Annex A.2 in [4], where the DUT is put into a chamber and each antenna element’s far zone pattern is measured. R4-104154 gives description on how to measure each antenna element’s pattern using non-intrusive method. The influence of human body loss can be measured by attaching the DUT to a SAM head and or hand when doing the antenna pattern measurements. The chamber is equipped with a positioner, which makes it possible to perform full 3-D far zone pattern measurements for both Tx and Rx radiated performance. The measurement antenna should be able to measure two orthogonal polarizations (typically linear theta (() and phi (() polarizations as shown in Figure 6.3.1.3.1-1).
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Figure 6.3.1.3.1-1: The coordinate system used in the measurements

Stage 2: Combine the antenna patterns measured in stage 1 into MIMO channel model, emulate the MIMO channel model with the measured antenna patterns incorporated in the commercial channel emulator and perform the OTA test in conducted approach. 
The MIMO OTA method based on the above mentioned two-stage method is illustrated in Figure 6.3.1.3.1-2. The integrated channel model with both MIMO antenna effect and the multipath channel effect can be emulated with a commercial MIMO channel emulator. The BS emulator is connected to the MIMO channel emulator and then to the MIMO device’s temporary antenna ports via approved RF cables. These ports are the standard ones provided for conducted conformance tests. By controlling the power settings of the channel emulator and also the integrated channel model, the end-to-end throughput with the MIMO antenna radiation influence can be measured.
There are two different approaches to combine the antenna patterns with MIMO channel model.

a) 
Apply antenna patterns to Ray-based channel models. Ray-based models are capable to support arbitrary antenna patterns under predefined channel modes in a natural way as described above. If Ray-based model like SCM model is specified to be used for MIMO OTA test, then the channel emulator needs to be able to support SCM channel model emulation and support loading measured antenna patterns.

b) 
Apply antenna patterns to correlation-based channel models. MIMO channel model. 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. 

This method can be used to measure the following figure of merit: 


1) Throughput 


2) TRP and TRS 


3) CQI, BLER 


4) Antenna efficiency and MEG 


5) Antenna correlation, MIMO channel capacity.
The coupling between the UE antenna and internal spurious emission of the UE might be characterized during the antenna pattern measurement stage inside the chamber by lowering down the signal power and is for further research.
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Figure 6.3.1.3.1-2: Proposed two-stage test methodology for MIMO OTA test
6.3.1.3.2          Test Conditions

This candidate solution supports testing of different figure of merits. It is also applicable for any 3GPP Release, and even for other standards. 
This method can reuse existing SISO OTA anechoic chambers to make the antenna pattern measurements; the channel emulator number is required to match the number of device receiver inputs regardless of the complexity of the chosen channel model, the method is consequently easily scalable to higher order MIMO due to the reduced number of instruments required; the channel models are highly accurate due to being implemented electronically and are also fully flexible and can be altered to suit any desired operating conditions such as indoor-outdoor, high or low Doppler spread, high or low delay spread, beam width, in 2D or full 3D etc.
This method requires the chipset in DUT to support amplitude and relative phase measurements of the antennas, and it cannot directly measure self-desensitization since the antenna pattern measurement does not take account of possible signal leakage from the device transmit antennas into the receive antennas.
The detailed test procedure can be found in Annex C.
6.3.1.4
Candidate Solution 4

--- Unchanged text deleted ----

Annex C: LTE MIMO OTA Test Plan for Two-stage based Methodology

C.1
Test Objectives

1)
To measure the figure of merits, OTA Throughput and Total Radiated Sensitivity, by using the reference DUTs, 

2)
To compare the figure of merits results among the candidate methodologies, and 

3)
To determine and prove whether the candidate test methodology can be used to differentiate a good and bad DUT

C.2
Test Setup

The test system setup is shown in Figure C.2-1. This method divides the MIMO OTA test into two stages:

1) Measure the device antenna pattern inside an anechoic chamber. 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. R4-104154 gives a description on how to measure each antenna element’s pattern using a non-intrusive method.
2) Use a commercial MIMO channel emulator to convolve the measured antenna pattern with the desired channel model to provide the stimulus for a conducted throughput test on the DUT.
The chamber for antenna pattern measurement is set up as described in 3GPP TS 34.114 Annex A.2, where the DUT is put into a chamber and each antenna element’s far zone pattern is measured. The influence of human body loss can be measured by attaching the DUT to a SAM head and or hand when doing the antenna pattern measurements. The antenna pattern can be measured using non-intrusive methods as described in R4-104154.  The integrated channel model with both MIMO antenna effect and the multipath channel effect can then be emulated with a commercial MIMO channel emulator. The Node B emulator is connected to the MIMO channel emulator and then to the MIMO device’s temporary antenna ports via approved RF cables. These ports are the standard ones provided for conducted conformance tests. By controlling the power settings of the channel emulator and also the integrated channel model, the end-to-end throughput with the MIMO antenna radiation influence can be measured.
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Figure C.2-1: Two-stage based methodology Test Setup

NOTE: Detailed test setup should be presented together with the measurement results. 

C.2.1 
Figure of Merits (FOMs)
The Figure of merits or test parameters in Table C.2.1-1 must be measured.
Table C.2.1-1: Figure of Merits
	Category
	I
	III

	FOMs
	MIMO Throughput

CQI

(FRC)
	Gain Imbalance

Spatial correlation

MIMO Capacity

	Type
	OTA
	MIMO antennas

	Methodology
	Active

(with fading)
	Passive/Active

(with fading)


CQI – Channel Quality Indicator (This FOM is optional but where possible it should be measured)

From the measured antenna pattern, the MIMO antenna statistics, such as gain imbalance, spatial correlation and capacity can also be derived to assess the OTA performance of the DUT. For OTA Throughput, the PDF and CDF of throughput should be generated. 

C.2.2
Channel Models

The desired radio channel models that can be used for the measurement campaign are described in 6.2. The recommended sub-set of channel models for the measurement campaign is listed below:
For multiple cluster testing:

•
SCME Urban micro-cell,

•
SCME Urban macro-cell, and

For single cluster testing:

· Single Spatial Cluster Model with Multi-path based on SCME Urban micro-cell
· Single Cluster Multi-Path Model based on Extended Pedestrian A (EPA)

For uniform model testing:

· Extended Pedestrian A (EPA) 

The channel models used in the measurement campaign are independent of implementation. When/if the sum of sinusoids based implementation of SCME channel models is used, the number of sub-paths per cluster is 20. The Doppler spectrum is based on the geometry (AoA and DoT).
NOTE: Detailed parameters of channel models used for measuring FOMs should be presented together with the measurement results. Deviation from the agreed parameter settings specified in 6.2 should be avoided to ensure comparable results. 
C.2.3
eNodeB Emulator Parameter Settings

The eNodeB emulator parameters are set according to the type of DUT to be tested. 
C.2.3.1
LTE MIMO Parameter Settings 

For LTE MIMO transmission, the following FRCs can be used to evaluate the OTA performance of a LTE DUT:

1)
Reference measurement channels for PDSCH 

2) Reference measurement channels for PDCCH/PCFICH 

3) Reference measurement channels for PHICH 


4) Reference measurement channels for PBCH 

Different transmission modes (Table 7.2.3-0 in TS 36.213 V9.2.0) are also possible in LTE, as given below:

1)
Transmit diversity

2)
Open-loop spatial multiplexing, no UE feedback required

3)
Closed-loop spatial multiplexing, UE feedback required

4)
Multi-user MIMO (more than one UE is assigned to the same resource block)

5)
Closed-loop precoding for rank=1 (i.e., no spatial multiplexing, but precoding is used)

6)
Beamforming
For the purpose of MIMO OTA, the spatial multiplexing modes are used.

The mapping of LTE UE Category into FRCs are given in Table  C.2.3.1-1.

1)
The LTE UE Category is smaller than HSPA, i.e. only 5 UE categories. Therefore, the number of FRCs needed to test should be much reduced compared to HSPA. 

Table C.2.3.1-1: Mapping of LTE UE Category into FRCs
	UE category
	Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits

per TTI
	Max. num. of DL-SCH 

bits 

per TB

per TTI
	Total num. of soft channel bits
	Max. num. of spatial layers
	Max. num. of UL-SCH TB bits per TTI
	Max. num. of UL-SCH bits

per TB

per TTI 
	Support for 64QAM 
	FRC

	Category 1
	10 Mbps /

5 Mbps
	10296
	10296
	250368
	1
	5160
	5160
	No
	N/A

	Category 2
	50 Mbps / 

25 Mbps
	51024
	51024
	1237248
	2
	25456
	25456
	No
	FRC1

	Category 3
	100 Mbps / 

50 Mbps
	102048
	75376
	1237248
	2
	51024
	51024
	No
	FRC1

	Category 4
	150 Mbps / 

50 Mbps
	150752
	75376
	1827072
	2
	51024
	51024
	No
	FRC1

	Category 5
	300 Mbps / 

75 Mbps
	299552
	149776
	3667200
	4
	75376
	75376
	Yes
	N/A


NOTE:

The target for LTE commercial devices will be for Category 2, 3 and 4, where DL MIMO is supported. Mapping of UE Category to FRCs will be performed. Note that UE Category 1 is out of scope as only 1 spatial layer is supported. This UE category will be more relevant to LTE SISO OTA. UE Category 5 that can support 4 layers is only theoretically possible based on current LTE technology.  

The eNodeB emulator LTE MIMO parameter settings should follow the steps below:

1)
Set the DL operating frequency band. 

2)
Select the FRC according to the UE category of DUT as given in Table C.2.3.1-1. 

3)
For the chosen FRC channel, set the parameter value according to TS 36.101 V9.4.0, and record the values in Table C.2.3.1-2. 

Table C.2.3.1-2: Main parameter settings for LTE FRC
	Parameters
	Unit
	Value 

	Physical channels

	Total Transmitted PSD
	dBm / 15 kHz
	 Measured during calibration and test procedure

	CRS power ratio
	dB
	0

	PBCH_RA = A
	dB
	-3

	PBCH_RB = B
	dB
	-3

	PSS_RA
	dB
	A

	SSS_RA
	dB
	A

	PCFICH_RB
	dB
	B

	PDCCH_RA
	dB
	A

	PDCCH_RB
	dB
	B

	PDSCH_RA
	dB
	A

	PDSCH_RB
	dB
	B

	OCNG_RA
	dB
	A

	OCNG_RB
	dB
	B

	FRC1

	Channel bandwidth
	MHz
	5
	5
	10
	10
	20
	20

	Modulation scheme
	
	QPSK
	16QAM
	QPSK
	16QAM
	QPSK
	16QAM

	Target Coding Rate
	
	1/3
	1/2
	1/3
	1/2
	1/3
	1/2

	Allocated resource blocks
	RB
	25
	25
	50
	50
	100
	100

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	10
	10

	Number of HARQ Processes
	
	8
	8
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Information Bit Payload per Sub-Frame
	
	
	
	
	
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1800
	5736
	4392
	12960
	8760
	25456

	For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	For Sub-Frame 0
	Bits
	1800
	4968
	4392
	12960
	8760
	25456

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of Code Blocks per Sub-Frame (see NOTE 4)
	
	
	
	
	
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1
	1
	1
	3
	2
	5

	For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	For Sub-Frame 0
	Bits
	1
	1
	1
	3
	2
	5

	Binary Channel Bits Per Sub-Frame
	Bits
	
	
	
	
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	6000
	12000
	13200
	26400
	26400
	52800

	For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	For Sub-Frame 0
	Bits
	5184
	10368
	12384
	24768
	25584
	51168

	Maximum throughput averaged over 1 frame (per data stream)
	Mbps
	1,620
	5,0856
	3,9528
	11,664
	7,884
	22,910

	Precoding granularity
	PRB
	25
	25
	50
	50
	100
	100 

	PMI delay
	ms
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Reporting Interval
	ms
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Reporting Mode
	
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	PDCCH

	Number of OFDM symbols for PDCCH
	
	3
	3
	2
	2
	2
	2

	Aggregation level
	
	8
	8
	8
	8
	8
	8

	DCI format
	
	2A
	2A
	2A
	2A
	2A
	2A

	Cell ID
	
	0
	0
	0
	0
	0
	0


NOTE 1: The DL control channel (PDCCH, PCFICH, PHICH and PBCH) parameters are set to ensure that sufficient reliability can be achieved for data transmission over the air, i.e. all DL control channels should work as normal. 

NOTE 2: For each bandwidth there are two channels defined: The QPSK modulated one for low SNR scenarios, and the 16QAM modulated one for high SNR scenarios.

NOTE 3: Reference signal, synchronization signals and PBCH allocated as per TS 36.211.

NOTE 4: 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).
C.2.4
Reference DUTs Configurations

A set of reference DUTs consists of:

1)
Laptops with LTE embedded modules. 

2)
LTE USB dongles 

3)
[Other LTE devices with different form factors]

These DUTs are used for the purpose of round-robin measurement campaign. 

The reference DUTs shall be treated as commercial off-the-shell MIMO devices. 
The test SIM requirement to establish the communication links between DUT and the BS emulator should be provided by each proponent of methodology. The SIMs are only used to set up communication link and therefore it should not impact the measurement results. 

Note that DUTs will be supplied with RF connector, if the DUT does not provide non-intrusive antenna access then it cannot be used for antenna based FOM. 

USB Dongles

For USB dongle or modem type DUTs, a laptop (non-MIMO capable) will be used to connect to them. A laptop charger will also be provided to charge up the battery and laptop with battery powered should be used during the measurement campaign.

The USB dongle will be tested with the provided laptop. The lid is kept closed during measurements. Use the USB port labelled for USB connection. The laptop will be powered by battery and the following power management settings should be used:

Configurations


Settings
Turn off monitor 

never

Turn off hard disks 

never

System standby 


never

WLAN




off

Bluetooth radio 


off

For LTE USB dongles that are attached to the laptops for the purpose of measurement, the laptops can be positioned with respect to the turn-table and anechoic chamber coordinate system as outlined in Appendix L.4 in ‎ CTIA, “Test Plan for Mobile Station Over the Air Performance - Method of Measurement for Radiated RF Power and Receiver Performance”, Revision 3.0, 4/30/2009. 
For LTE DUT, if the DUT is capable of 90 degrees mechanical mode, then such mechanical mode shall be used. Otherwise, the horizontal (0 degree) mechanical mode shall be used.  
Laptop Computers/Netbooks

The laptop with an LTE embedded module will be powered by battery and the following power management settings should be used:

Configurations


Settings
Turn off monitor 

never
Turn off hard disks 

never

System standby 


never
WLAN




off
Bluetooth radio 


off
The laptops and other PDA devices should be positioned with respect to the turn-table and chamber coordinate system as outlined in Appendix L.4 of the CTIA test plan. When the laptop is placed on the turn-table (inside the chamber), the effect of turn-table on radiation pattern of laptop antennas should be captured. This requires calibration where radiation pattern under turn-table impact should be captured. 

The support of engineering software for DUTs is not needed during the measurement process of the DUTs.

C.3
Calibration of Test System
C.3.1
Antenna pattern measurement calibration in stage I
The DUT antenna patterns are measured in a calibrated certified anechoic chamber. The anechoic chamber constrains can be founded in Annex A.2 in TS 34.114 V.9.0.0. This measurement is based on the assumption that the chipset in device has the capability to support amplitude and relative phase measurements of the antennas. After the antenna pattern measurement using non-intrusive methods as described in R4-104154, the antenna pattern absolute gain calibration is carried out by using a reference dipole with known gain to measure the path loss, which means that the path loss is calibrated out from the measured pattern. The detailed path loss 
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 calibration process is as below, which is from Annex B in TS 34.114 V.9.0.0. 
Path loss calibration process
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 is the attenuation between P and B, see figure C.3-1.
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Where 
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 is cable loss from A to C. The cable AC connecting the substitution antenna should be such that its influence upon radiation pattern measurements is minimal. 
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 is the attenuation between points A and B. 
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 is the efficiency or gain of the calibration antenna at the frequency of interest.
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Figure C.3-1 Calibration/substitution procedures using a vector network analyzer from Annex B in TS 34.114 V.9.0.0
If the calibration is based on known efficiency of the calibration antenna, a full spherical scanning is performed to determine
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. 
This procedure has to be done at each frequency of interest.

To achieve measurements with an uncertainty as low as possible, it is absolutely necessary to exactly keep the same P to B configuration (cables, dual-polarized antenna and cables positions, etc).


Calibration shall be performed yearly or if any equipment in the measurement system is changed.

C.3.2       Antenna pattern change compensation
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Figure C.3-2 Calibration antenna pattern change introduced by test platform
Before carrying the throughput measurement in stage II, we should calibrate out the antenna pattern change introduced by the test platform. The calibration process is below:

1)
Set up the conducted throughput test platform as shown in Figure C.3-2.

2)
Load antenna pattern measured in chamber into channel emulator, and configure the channel to one Line of Sight (LOS) path without fading.

3)
Using device’s non-intrusive pattern measurement capability to measure the emulated pattern under this connection and compare this result with the loaded one to get the pattern change introduced by test platform

4)
Compensate the pattern change from the original pattern file to get the calibrated pattern file, and make sure the measured pattern from this test platform is same as that measured in chamber. 
C.3.3      Power calibration for results comparison from different OTA test methods  
To meaningfully compare the throughput results for different MIMO OTA test methods, it is essential to ensure the incident power level is independent of the test method. Using the multi-probe test method as an example: the reference power is defined as the total received power on the minimum sphere surface surrounding the DUT antenna. The transmitted power is measured from the ith probe antenna over all N antennas as Pi, and the measured path loss between each probe antenna and the DUT as Ploss (this method can be found in Vodafone, “Detailed Test Plan of MIMO/multiple receiver antennas OTA measurement campaign for COST2100 and CTIA”). The total received power on the minimum sphere surface surrounding the DUT antenna is
[image: image14.wmf]loss

N

i

i

P

P

-

å

=

1

.To compare the two-stage method results with the multi-probe method,  the power at the temporary antenna connectors is set to be the same as would have been received when using the multi-probe method.

C.4
Test Procedure

For the measurement procedure below, no AWGN noise should be set in the eNodeB emulator and only OCNS Ec/Ior is specified. 

C.4.1
Test Procedure 1
The following test procedure is used to measure OTA throughput and CQI given in Table C.2.1-1.  The FOM is measured by varying the average channel power. The steps for doing that are shown below:
1)
Measure the amplitude and phase patterns of each element of the DUT antenna array and store the results.How to test the antenna pattern using non-intrusive method can reference C.4.4 in R4-104154, the path loss calibration as described in section C.3.1 also should be done in this step. 
2)
Connect the equipment as shown in Figure C.2-1.

3)
Load the measured antenna patterns into the channel emulator, and configure the desired MIMO channel model defined in section C.2. 

4)
Configure the eNodeB emulator and establish an LTE connection according to Vodafone, “Detailed Test Plan of MIMO/multiple receiver antennas OTA measurement campaign for COST2100 and CTIA with the UE.

5)
Perform the antenna pattern calibration described in section C.3.2 to compensate the pattern change introduced by the test platform, and make sure after this calibration the emulated pattern from this test platform is same as that measured in step 1) 

6)
Ensure and check that the eNodeB emulator behaviour is according to Table C.2.3.1-1.

7)
Set eNodeB emulator parameters according to Table C.2.3.1-2 depending on the DUT type. 

8)
Set up number of frames to 5000, and repetition to “Single Shot”.
9)
Switch on the inner loop power control and ensure power continuously up.
10)
Adjust the output power of the channel emulator to achieve roughly 50% of the maximum throughput and record this power level. The reference power, which is defined as the total received power on the minimum sphere surface surrounding the DUT antenna, can be deduced by using this power minus antenna gain and power loss between channel emulator output port and DUT temporary antenna connectors. 
Throughput is calculated with the following formula: 
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If there is a reference power available from a different test method, then perform the reference power calibration as described in C.3.2. In this case the throughput measured for the two-stage method can be meaningfully compared with the throughput for other methods. 

11)
Set the power to 8 dB below the power level used in step 10.

12)
Measure throughput and the Channel Quality Indicator (CQI) for each DUT rotation angle in steps of 45 degrees.  The DUT rotation is emulated from within the channel emulator by rotating measured antenna pattern.
13)
Increase the average channel power by 2 dB and repeat step 12 until measurements have been completed at 8 dB above the power level in step 9.
14)
Calculate the average value of the FOM for each power step over all rotation angles.
Table C.4.1-1: Throughput and CQI FOM result table
	Device Model
	

	Average channel power [dBm] 
	P1
	P2
	P3
	
	Pn

	Rotation Angle
	FOM Result

	0°
	
	
	
	
	

	45°
	
	
	
	
	

	90°
	
	
	
	
	

	135°
	
	
	
	
	

	180°
	
	
	
	
	

	225°
	
	
	
	
	

	270°
	
	
	
	
	

	315°
	
	
	
	
	

	Average
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