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1. Background

The round-robin measurement campaign has been hold in both 3GPP and CTIA standard group. In order to contribute the SI on new MIMO-OTA measurement item, TMC holds a self Round-Robin measurement to evaluate the different methodologies for HSDPA and future LTE devices. 
During this meeting, the contributions mainly divided into two parts. The first part is the test plan; the second part is the summary of measurement result. There are several different parts toward the 3GPP and CTIA test proposal, such as Two-cluster channel model and some test setups. It is just a new experiment from some different aspects, and will provide more measurement comparisons to 3GPP and CTIA. 
2. Test Plan
-----Text Below from TMC MIMO-OTA Round-Robin test  V3.0 final-----

MIMO-OTA Round-Robin test plan
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1. Overview

MIMO-OTA test methodology is discussed intensely in 3GPP, COST2100 and CTIA. In China, China Communications Standards Association (CCSA) has approved a new WI on MIMO-OTA test methodology last year. TMC leads this WI to improve the area more suitable for Chinese background of communication market. 

TMC is planning to hold a Round-Robin test for evaluation of performance difference among MIMO-OTA test candidate methodology. There are many candidates’ solutions, such as 

1) Elektrobit-SATIMO-Nokia-ETS_lindgren Fading Emulator Method
2) Spirent’s Joint Channel-Chamber Method
3) Rohde&Schwarz 2-Channel Method

4) Agilent’s 2-stage MIMO OTA Method

5) NTT DoCoMo’s Simplified MIMO OTA Method

6) Bluetest Reverberation Chamber Method
7) ……
For comparing each candidate MIMO-OTA methodologies, two kinds of HSPA USB Plug-in DUT will be shipped one by one for testing certain FOMs to verify the ability of solutions.

2. Round-Robin Test for MIMO-OTA
2.1 System Description

The trial environment is almost based on the traditional SISO anechoic chamber. For this test, Reverberation chamber method doesn’t consider during this round test, maybe the second-round will be involved in. 
2.1.1 Multiple probe antenna based method

Under full anechoic chamber, some configurations will be need from SISO to MIMO. 

1) Due to maintain the basic structure of original full-anechoic chamber, turn table, absorbers, communication antennas remain the same.

2) For turn table, only maintaining theta-axis rotating. The turn table will be rotating along horizontal plane from 0o to 360o by step 45 o. The DUT will be placed in the center of the turn table. Because of current MIMO channel model does not support 3D simulation, only 2-D mode will be considered during this Round-Robin test.

3) Multi-probe antennas will be placed into the chamber. The number of antenna depends on the different methodology. The most commonly used is placed like circularity or arc, uniform or non-uniform.

Eight antenna probes for ring configuration are to be located on a horizontal plane in respect to EUT, or at least four antenna probes for single-cluster method and two-cluster method. Probe distance from EUT will vary from lab to lab, 1.5m distance is recommended. The distance should be noted in measurement report.

4) Channel fading emulator is needed to simulate the multi-path fading MIMO scenario. Coupling the MIMO fading effect on input RF singles. Then fed to the antenna probes. (if the Channel fading emulator is baseband, Vector signal generator is needed). The channel fading emulator should be at least generating 1(4 downlink MIMO channel fading model. 

5) For communication link, a base station emulator is used for generating the HSPA signals and collecting the result of feedback from the DUT. BS emulator should be specified by TS 25.104. Make sure the equipment calibration is efficient, signal qualification should be kept. 
2.1.2 Two stage method

Under two-stage method, the system setting up requirements are the following:

1) Traditional SISO anechoic chamber.
2) Channel emulator with two-stage method capability is needed. The channel emulator needs to be able to support at least 1x2 MIMO configuration.
3) The EUT antenna information is measurable in the test through intrusive method or non-intrusive method or DUT vendor data.
2.2 EUT information

In HSPA, the basic MIMO-capable UE is specified in TS 25.306 (Release 7). 
For two stage method, another DUT should be provided. And make sure the conducted line ports do not affect the performance of DUT.
The reference DUTs shall be treated as a commercial MIMO devices going through a proper MIMO OTA measurement process. Therefore, tampering of the reference DUTs is prohibited so that antenna performance of the DUTs is consistent throughout the measurement campaign. 

For HSPA+ MIMO OTA measurement, a USB dongle (K4505) from Huawei is used. This device supports MIMO with 64QAM. Another USB dongle from ZTE (MF668) HSPA+ is also provided. As most Base station simulator own, HSDPA mode is most commonly used in this round robin test. So 1x2 MIMO mode will be fundamental simulation for receiving diversity. 

	GSM/EDGE/WCDMA
	GSM CS: UL 9.6kbps/DL 9.6kbps 
GPRS: Multi-slot Class 10 
EDGE: Multi-slot Class 12 
WCDMA CS: UL 64kbps/DL 64kbps 
WCDMA PS: UL 384kbps/DL 384kbps 

	HSDPA SPEED
	7.2Mb/s(Category 8)

	HSUPA SPEED
	5.76Mb/s (Category 6)

	HSPA+ SPEED
	21 Mb/s

	3GPP VERSION
	R7


2.3 Channel model
The channel models used in the test consists of a subset models from the models recommended in [2] and one two-cluster model.

The emulated base station antennas may be assumed to be a fixed 4λ separation, specified at the center frequency.

For the cross polarization power ratio a propagation channel as 
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For Vertical polarization only measurements, the powers per delay are used without regard to the specified XPR values.
The desired radio channel models for anechoic chamber based measurements are listed below:
· For full circle testing:

1) Modified SCME Urban micro-cell
	Modified SCME Urban micro-cell

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

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	-2.3

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	42.6

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	-49.5

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	24.7

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	61.7

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	10.6

	Delay spread [ns]
	294

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

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 49.0

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

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


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


2) SCME Urban macro-cell
	SCME Urban macro-cell

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

	1
	0
	5
	10
	-3
	-5.2
	-7
	82
	66

	2
	360
	365
	370
	-5.2
	-7.4
	-9.2
	81
	46

	3
	255
	260
	265
	-4.7
	-6.9
	-8.7
	80
	143

	4
	1040
	1045
	1050
	-8.2
	-10.4
	-12.2
	99
	33

	5
	2730
	2735
	2740
	-12.1
	-14.3
	-16.1
	102
	-91

	6
	4600
	4605
	4610
	-15.5
	-17.7
	-19.5
	107
	-19

	Delay spread [ns]
	839.5

	Cluster AS AoD / AS AoA [(]
	2 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	7.8 / 62.6

	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


· For single cluster testing:

1) Single Spatial Cluster Model with Multi-path based on SCME Urban micro-cell
	Single Spatial Cluster Model with Multi-path based on SCME Urban micro-cell

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

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

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	0

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	0

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	0

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	0

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	0

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 25 or 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 25 or 35

	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


Note: Cluster angle spread to be specified with σAS = 35º or with σAS = 25º to enable a range of spatial correlation for different types of devices. And should be recorded in the report.

· For two cluster testing:
1) Two Spatial cluster model with multipath based on SCME urban micro-cell

	Two Spatial Cluster Model with Multi-path based on SCME Urban micro-cell

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

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

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	40

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	0

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	40

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	0

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	40

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 25 or 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 29 or 38

	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


2.4 System Calibration

2.4.1 System Calibration for multiple probe antenna based method
2.4.1.1 Quiet Zone

The trail lab should satisfy the CTIA 3.0 chapter 3 requirement. 
2.4.1.2 Antenna Calibration

Both support HSPA and LTE frequency range
Antenna pattern should be recorded. XPR should also be recorded.
2.4.1.3 Power Calibration CW

Step 1: (Three Step Calibration Method with 2.4.1.4 and 2.4.1.5)
The test system shall be calibrated using the setup in Fig.1. The UE is replaced by a reference antenna with known gain characteristics. A CW non-faded calibration signal is fed to one probe at a time and received by the reference antenna. Based on the known properties of the reference antenna, the path loss from the input of the channel emulator to the UE location will be calculated. 

Note: Only RF import 1 will be calibrated during the 2.4.1.3 and 2.4.1.4 step. 
The settings (except fading model) of the channel emulator during the calibration and measurement phases should be identical. The channel model used in the calibration is static propagation conditions (1 tap, no fading, output power 0dBm which reference point is the power input of measurement antenna). Signal is routed to one probe antenna at a time. Each path (antenna probe) is calibrated separately.
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Fig.1 Calibration Setup (VNA stands for Vector Network Analyzer)
Calibration steps:
1. Measure the attenuation between points A and B through each probe. Point A is the input to the channel emulator and point B is the UE location represented by the reference antenna. 

2. Compensate for path loss differences.  This can be done for example by adjusting the channel emulator outputs by the factor:
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 is the compensation factor for probe i to be adjusted by channel emulator.
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3. Calculate the path loss of each route as follows:
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For each probe and angle of rotation, record the channel power in Table 2.4.1.4-1.
2.4.1.4 Calibration check

Step 2:

A reference measurement check is performed for each probe antenna using the static propagation wideband signal model. The result of this check can be used to verify that the probe antennas have been properly calibrated.

Configure the test system according to section 2.4.1.3 with the following identities and exceptions:

1) Only one probe antenna is used at a time.

2) A reference antenna with known gain is used.
3) 5MHz wideband WCDMA signal will be fed to each antenna probe. Center frequency is WCDMA band I, CH10700.

4) The influence of channel emulator will be considered.

Rotate the UE using an angle step of 45° and measure the power in the channel bandwidth, and Span, RBW and integration bandwidth should be set properly. (Integration bandwidth = 3.84MHz, Span = 5MHz is recommended)
For each probe and angle of rotation, record the channel power in Table 2.4.1.4-1.

Table 2.4.1.4-1 : Calibration check table I & II

	Reference sensitivity/

Angle 
	Path 1  [dBm]
	Path 2

[dBm]
	Path 3

[dBm]
	Path 4

[dBm]
	Path 5

[dBm]
	Path 6

[dBm]
	Path 7

[dBm]
	Path 8

[dBm]

	0°
	
	
	
	
	
	
	
	

	45°
	
	
	
	
	
	
	
	

	90°
	
	
	
	
	
	
	
	

	135°
	
	
	
	
	
	
	
	

	180°
	
	
	
	
	
	
	
	

	225°
	
	
	
	
	
	
	
	

	270°
	
	
	
	
	
	
	
	

	315°
	
	
	
	
	
	
	
	

	Path Average 
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The path loss compensation is considered successful if the path average results are within ±1 dB. The calibration data should be well recorded.
2.4.1.5 Average channel power

Step 3:

During the calibration phase the static propagation condition was used with one probe antenna at a time. 

For the measurement phase using faded channel conditions, the signal is transmitted via several probe antennas at a time. Therefore, the per-path calibration information gained from the path loss measurements needs to be used to adjust the signal level when using multiple antennas and a fading channel. 

Composite loss is the loss between point A and point B. The average channel power is defined as the signal level in the centre of the probe array (location B). The power at location B is the sum of signal powers via a number of calibrated probe antennas. The average channel power at location B is the Node-B Emulator output power (location A) minus the composite loss. The average channel power level is defined to be the measured power in the centre of the probe array, averaged over 60 seconds. In order to check the linearization, the power level should be declining 16dB with 2dB step, and count the average channel power. 

Table 2.4.1.5-1 : Calibration check table III

	CH Em Port/

Output Level 
	Port 1  [dBm]
	Port 2

[dBm]
	…..

[dBm]

	Refe L
	
	
	

	Refe L – 2dB
	
	
	

	Refe L – 4dB
	
	
	

	Refe L – 6dB
	
	
	

	Refe L – 8dB
	
	
	

	Refe L – 10dB
	
	
	

	Refe L – 12dB
	
	
	

	Refe L – 14dB
	
	
	

	Refe L -16dB
	
	
	

	Linearization 
	
	
	


Configure the test system according to section 2.4.1.3 with the following exceptions:

1) All probe antennas are used at a time.

2) Fading channel model will be used.

This step is also double checking the pathloss calibration. And one new item will be added to evaluate different imports of channel emulator,( Usually, Channel emulator has two input port, so this means calibration for others.) the results of different imports should be same within ±0.5 dB
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Fig.2 Signal level in fading radio channel conditions
2.4.2 System Calibration for two-stage method

2.4.2.1 DUT antenna measurement

Both the DUT antenna data measured by the vendor or in the experiment using intrusive method one by one needs to follow the calibration for SISO antenna measurement. The RF impedance of the antenna and RF connection needs to be measured and taken down.

2.4.2.2 RF cable loss calibration

For the second stage, RF cable connected test, the RF cable loss to the RF port of the DUT needs to be measured and taken down. The output power of the channel emulator needs to calibrate the RF cable loss out for the throughput test results.


[image: image12]
2.5 FOMs

Figure of Merit is defined to quantify the OTA performance of MIMO device, to evaluate UE’s MIMO performance. The basic principle is to distinguish the good and bad MIMO device. 
During this RR test, Categories I and III is required, other Categories is optional.

Table 2.5-1 : Categories of Figure of Merits

	Category
	I
	II
	III
	IV
	V

	FOMs
	MIMO Throughput

CQI

(FRC)
	TRP
TRS
	Gain Imbalance

Spatial correlation

MIMO Capacity
	Antenna Efficiency

MEG
	MIMO Throughput

(VRC)



	Type
	OTA
	OTA
	MIMO antennas
	MIMO antennas
	OTA

	Methodology
	Active

(with fading)
	Active

(with fading)
	Passive/Active

(with fading)
	Passive/Active

(without fading)
	Active

(with fading)

	NOTE 1: Category V MIMO throughput measurement is performed over active communication link with DUT by using the variable reference channel. This is FFS. 

NOTE 2: FOMs can be measured either by establishing active communication link with the DUT (similar to current SISO OTA) incorporating realistic fading propagation channel models, or by simply transmitting RF signal in uplink or downlink, with or without the fading effect included in the measurement setup.


2.6 Test Procedure

2.6.1 Fixed Reference channel

HSDPA connection settings:

· HSDPA category 8

· FRC (Fixed Reference Channel) H-Set 3 (16QAM)

· Single Link Performance

· DL channel 10700 is used for testing. 

During the FRC tests, the behavior of the Node-B Emulator in response to the ACK/NACK signaling field of the HS-DPCCH is specified below:

Table 2.6-1 Behaviour of Node-B Emulator in response to ACK/NACK/DTX

	HS-DPCCH ACK/NACK Field State
	Node-B Emulator Behavior

	ACK
	ACK: new transmission using  1st redundancy and constellation version (RV)

	NACK
	NACK: retransmission using the next RV (up to the maximum permitted number or RV’s)

	DTX
	DTX: retransmission using the RV previously transmitted to the same H-ARQ process


The average throughput is measured by varying the average channel power by 8 dB either side of the 50% point of the FRC maximum throughput. The example steps for doing that are shown below.
Table 2.6-2 Physical channel levels for HSDPA connections set up

	Parameter

During Measurement
	Unit
	Value

	P-CPICH_Ec/Ior
	dB
	-9.9

	P-CCPCH and SCH_Ec/Ior
	dB
	-11.9

	PICH _Ec/Ior
	dB
	-14.9

	HS-PDSCH
	dB
	-5,9

	HS-SCCH_1
	dB
	-7.4

	DPCH_Ec/Ior
	dB
	-5

	OCNS_Ec/Ior
	dB
	-13.3


Table 2.6-3 Test parameters for testing 16QAM H-set 3

	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Phase reference
	dBm/3.84 MHz
	P-CPICH

	Redundancy and constellation version coding sequence
	
	{6,2,1,5}

	Maximum number of HARQ transmission
	
	4

	NOTE:
The HS-SCCH-1 and HS-PDSCH shall be transmitted continuously with constant power. HS-SCCH-1 shall only use the identity of the UE under test for those TTI intended for the UE.


For the power control, communication emulator should select inner loop power control algorithm 2, and power always up.
Set the frames to 5000, and repetition to “single slot”, throughput is calculated by the following formula: Throughput = Transmitted blocks size × Number of blocks acknowledged / Measuring time. 
2.6.2 Test procedure for multiple probe antenna based method

The USB Plug-in card using an extra USB cable which connected to the laptop is recommended. The laptop will be powered by AC adapter. The laptop will be placed on the turn table ground and covered by foam. Power management settings should be used:

Turn off monitor - Yes
Turn off hard disks - never

System standby - never

WLAN and Bluetooth radios – off
The USB Plug-in card will be located as Free Space scenario. The geometrical center of USB Plug-in card is the rotation center. 

Note: Although using extra USB cable is not a good way to evaluate the USB dongle performance, as only horizontal plane of MIMO-OTA trail test, we can erase the Laptop definition and USB cable influence. 

Adjust the average channel power to achieve roughly 50% of the FRC maximum throughput (DUT rotation 0°). Note this power as ACPM. The throughput should be measured under five different power levels, such as, ACPM-8dB, ACPM-6dB, ACPM-4dB, ACPM-2dB, ACPM, ACPM+2dB, ACPM+4dB, ACPM+6dB, ACPM+8dB.

[Optional test] We also suggest to use Thinkpad T400 laptop with USB dongle directly plugging-into the USB port, which is nearest USB port close to the LCD. This Laptop will use the battery only. The configuration and position method will be reference as the CTIA 3.0 specification. At least, the two channel models of single cluster should be simulated.

Note: 

USB dongle temperature above 75oC will affect the performance. So the device every half an hour should have a 10 minutes rest. Make it cool. 

The USB dongle placement is defined in figure 2.6.2-1. 

And the measurement direction zero is defined in figure 2.6.2-2. 
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Figure 2.6.2-1 USB dongle placement
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Figure 2.6.2-2 Measurement direction zero
2.6.2 Test procedure for two-stage method

Configure the channel model as specified in 2.3. Load the measured antenna pattern into the channel emulator. Specify the antenna orientation as DUT rotation 0°. Adjust the output power of the channel emulator to achieve roughly 50% of the FRC maximum throughput. Note this power as ACPM. The throughput should be measured under five different power levels such as ACPM-8dB, ACPM-6dB, ACPM-4dB, ACPM-2dB, ACPM, ACPM+2dB, ACPM+4dB, ACPM+6dB, ACPM+8dB
3. Time Schedule
	Member
	Test date
	Shipping date
	Delegates
	E-mail

	Agilent&TMC
	7.15-7.19
	None
	Hongwei Kong
	hong-wei_kong@agilent.com

	Spirent&TMC
	8.9-8.13
	None
	Simon Wang
	Simon.Wang@spirent.com

	Nokia & EB
	8.30-9.30
	8.20
	Miia Nurkkala
	

	ETS&TMC
	10.25-10.30
	None
	Michael Foegelle
	Michael.Foegelle@ets-lindgren.com

	Huawei
	
	None
	
	

	R&S
	
	None
	
	

	ZTE
	
	None
	
	


4. Results and conclusion
Throughput result table
	Device:

	Channel Model:

	
	Average channel power

	 
	…
	ACPM-2dB
	ACPM
	ACPM+2dB
	 …

	Rotation Angle
	Throughput [kbps]

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Average 
	
	
	
	
	


5. Appendix

5.1 Node B emulator reference settings (Agilent 8960)
1) Agilent WCDMA Node B emulator 8960
	Item
	Setting

	AWGN
	Off

	Generator InfoDownlink Channel Levels Connected DL Channel LevelsHSDPA Conn DL Channel Levels Downlink channel levels
	Set the power of different channels as table 2.6-2 in [1]

	Cell InfoCell ParametersPS domain information
	Present

	Cell Info Cell Parameters BCCH update page
	Auto

	Power control
	All bits up

	RF in/output offset
	-30 ~ -40dB

	Channel type
	12.2k+HSDPA

	Paging service 
	RB Test mode

	HSPA ParametersHSDPA ParametersHSDPA RB Test Mode SetupRB test HS-DSCH Configuration Type
	FRC

	HSPA Parameters HSDPA ParametersHSDPA RB Test Mode Setup     FRC Type
	HSet3 16QAM

	RLC-Reestablish
	Off

	UE Target Power
	-10dBm or -60dBm with30dB compensate

	HSDPAMAC e(hs) RV sequence
	6215

	HSDPAMAC e(hs)Number of transmission
	4

	HSDPAMAC e(hs)StatDTX
	StatDTX

	Uplink Parameters Uplink timing offset
	Tuning this value to enable the call, typically is 100~150 chip


6. Reference

[1] TR 37.976 MIMO OTA v1.1.0
[2] R4-102241, “TP: Test Plan for Anechoic Chamber based MIMO OTA methods”, Elektrobit, Nokia, ETS-Lindgren, SATIMO, Spirent Communications, Agilent Technologies, Rohde&Schwarz, NTT DOCOMO, LG Electronics
[3]  CTIA 3.0
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