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1 Introduction

A new Study Item (Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals, [FS_HSPA_LTE_measRP_MIMO_multi-antenna]) was established in March 2009 [1]. During the 3GPP TSG-RAN4 meeting #50-BIS in Seoul, a skeleton report for MIMO OTA study item [2] was agreed. The skeleton covers Introduction, Performance metrics, Methodologies based on anechoic RF chamber, Methodologies based on reverberation chamber, and Recommendations. Several candidate methodologies have been approved to be included in TR. 

This contribution is an updated version of [10] and it describes a test plan for OTA throughput comparison measurements. 
2 Discussion

This document is a test plan for OTA throughput comparison measurements. The plan has previously been presented in COST2100 and CTIA, thus some testing has already been done.

Aim of the comparison measurement campaign is to study how well an OTA throughput measurement in a predefined propagation channel can be reproduced. Testing time and challenges in system calibration are also matters of interest. Labs participating in the measurement campaign may use different methods to create the fading environment and this may lead into some inconsistencies [3] – [7]. However the goal of this test plan is to define the radio channel conditions and the throughput measurement in such detail that the results are as comparable as practically possible.

2.1 Test setup

Testing will be done in an anechoic chamber. Eight vertically polarized antennas are to be located to a horizontal plane in respect to EUT. Probe distance from EUT will vary from lab to lab. Fading channel will be generated by using channel emulator/simulator which is fed by a communication tester. EUT will be rotated around its vertical center line by using a turn table or manually.
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Figure 1. Measurement Setup.

2.2 Calibration 

The test equipment chain shall be calibrated by using a setup in Figure 2. EUT is replaced by a reference antenna with known gain characteristics. A static calibration signal is fed to each probe at a time and received by the reference antenna. Based on the known properties of the reference antenna, total path loss from the input of the channel emulator to the EUT location will be calculated.

State of the channel emulator during calibration and measurement should be identical. Model used in the calibration should be such that it is possible to transmit through each route individually using maximum amplitude in the fading profile.
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Figure 2. Calibration Setup.

Calibration steps;

· Measure attenuation between points A and B through each probe. Point A is feeding cable of the channel emulator and point B is EUT location. 

· Compensate path loss differences.  This can be done for example by adjusting channel emulator outputs by factor  





[image: image3.wmf])

max(

Attn

Attn

Path

i

i

on

compensati

-

=


· Calculate path loss of each route  





[image: image4.wmf]i

on

compensati

i

i

Path

Attn

PathLoss

-

-

=

antenna

 

ref

G


Note! The above calibration is done for constant channel and measured via one probe antenna at a time. Therefore, there needs to be a correction to adjust the path loss in the case of multiple antennas and fading channel.
2.2.1 Calibration Check

As laboratories may not be used to calibrate a multi-antenna system, a sensitivity measurement is performed using the static calibration channel model. Data from this check can be used to track down possible errors.

Rotate EUT using angle step of 45° and measure sensitivity in DL channel 10562 according to paragraph 2.2.2, through each probe antenna at a time (static channel). Use free space configuration and EUT power management settings defined in section 2..Power level is defined to be the measured power in the center the probes when a signal is transmitted trough any of routes individually. Report results to Table 1.

Table 1. Calibration check table.

	Angle 
	Route 1  [dBm]
	Route 2

[dBm]
	Route 3

[dBm]
	Route 4

[dBm]
	Route 5

[dBm]
	Route 6

[dBm]
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[dBm]
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	Route Average 
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If the path loss compensation has been successful, route average result should not deviate unreasonably. If the calibration is done correctly, result between labs should not deviate.

2.2.2  Sensitivity measurement

Use settings specified in paragraph 2.2. Find power level resulting throughput of 1499-1999 kbps.

2.3 Radio Channel Conditions

2.3.1 Goal Conditions

The goal condition for radio channel is SCME in two scenarios Urban Micro-cell and Urban Macro-cell. The following figures depict the goal conditions in test setup in terms of radio channel conditions. SCME supports the dual polarization characteristics, but for the time being we shall leave them out from the testing. 

 The taps in Urban Micro-cell are distributed in delay and spatial domain as depicted in following figure.
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Figure 3. Urban Micro-cell PDP and distribution of angles.

The taps in Urban Macro-cell are distributed in delay and spatial domain as depicted in following figure.
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Figure 4. Urban Macro-cell PDP and distribution of angles.

Numerically the urban macro and urban micro scenarios are as described in [5], but for the sake of completeness they are listed below. (Suburban Macro was not considered as important as the Urban Macro and Urban Micro.)

Table 2. Parameters of Urban Micro-cell and Urban Macro-cell scenarios.
[image: image10.emf]
Other parameters are shown in table below.

Table 3. Additional Test Parameters.
	Parameter
	Value
	Notes

	Cluster PAS shape
	Laplacian
	

	Number of sub-paths per cluster
	20
	

	Mobile velocity
	3 [or 30] km/h
	micro-cell / macro-cell 

	Direction of Travel (DoT)
	120°
	


 In goal conditions the angular spread follows the Laplacian distribution, as depicted in below. The method how to create Laplacian PAS depends on the test methodology and test vendor.

[image: image11.png]power [lin]

Laplacian shaped PAS
0.03 T T T

0.025- b

0.02r b

0.015 b

0.01 b

0.005 b

I I I L L L L —

-100  -80 -60 -40 -20 0 20 40 60 80 100
angle [deg]





Figure 5. Laplacian Power azimuth spectrum.
2.3.2 Simplified Conditions

The simplified conditions are derived from the goal conditions. They are simplifications that by no means describe any known radio channel. They rather formulate a basis where it is possible to generate a simple test set-up. They are formed by moving all clusters in spatial domain so that the mean angle of arrival is zero degrees. 

The simplified models are depicted in following figure in delay and spatial domain.
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Figure 6. Simplified PDP and distribution of angles, Urban Micro-cell.
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Figure 7. Simplified PDP and distribution of angles, Urban Macro-cell.
The simplified model uses also the Laplacian PAS as angular distribution. The method how to create Laplacian PAS depends on the test methodology and test vendor.

Other parameters are shown in table below

Table 4. Additional Test Parameters.
	Parameter
	Value
	Notes

	Cluster PAS shape
	Laplacian
	

	Cluster mean angle of arrival
	0°
	All clusters have the same AoA

	Cluster delay
	Original
	See Table 2.

	Number of sub-paths per channel
	20
	

	Mobile velocity
	3 [or 30] km/h
	micro-cell / macro-cell

	Direction of Travel (DoT)
	120°
	


2.4 Devices to be tested

Nokia Internet Stick CS-15 

· USB Modem is provided by Nokia and will be delivered with an IBM ThinkPad T40 laptop and a charger for it.

3 Test Procedure

USB modem will be tested in a free space configuration with the provided laptop. Due to practical reasons lid is kept closed during measurements. The laptop has two USB ports, use the one close to the lid for testing i.e. the higher one. The laptop will be powered by battery and following power management settings should be used

Turn off monitor - never

Turn off hard disks - never

System standby - never

WLAN and Bluetooth radios - off 

Average throughput is measured using three different total average channel power levels with bandwidth of 3.84MHz, that are -63dBm, -69dBm and -75dBm. The total average channel  power level is defined to be the measured power in the center of the probe array, averaged over 10 seconds period of time, when the channel model under investigation (Umi or Uma) is applied. 

Setup fading conditions defined in section 1.3. 

Establish a HSDPA connection according to section 2.1. DL channel 10562 is used for testing.

Adjust output power of fading channel emulator to achieve a total average channel power in the chamber and measure average throughput according to 3.2 -3.3( Measure throughput  versus total channel power curve and report the average throughput as per table 9 section 3.3
3.1 HSDPA connection settings

3GPP standard TS34.121 [6] describes conformance tests for radio transmission and reception. The standard is divided into transmitter, receiver, performance and radio-resource-management (RRM) tests. Section 9 describes performance requirements for HSDPA and therefore section 9 is taken as a reference here. 

Before going thru HSDPA settings, it is worth mentioning below starting points based on chosen DUT:

1. HSDPA category 8

2. FRC (Fixed Reference Channel) is for minimum performance requirements

3. Downlink Modulation is 16QAM

4. Single Link Performance

3.1.1 FRC for each HSDPA category

Table 5 shows FRCs Vs HSDPA category for minimum performance requirements.

Table 5 FRC for minimum performance requirements for different HSDPA category.
	HS-DSCH category
	Corresponding requirement

	
	Single Link (Note 1)
	Open Loop Diversity
	Closed Loop Diversity

	Category 1
	H-Set 1
	H-Set 1
	H-Set 1

	Category 2
	H-Set 1
	H-Set 1
	H-Set 1

	Category 3
	H-Set 2
	H-Set 2
	H-Set 2

	Category 4
	H-Set 2
	H-Set 2
	H-Set 2

	Category 5
	H-Set 3
	H-Set 3
	H-Set 3

	Category 6
	H-Set 3
	H-Set 3
	H-Set 3

	Category 7
	H-Set 6, H-Set 3
	H-Set 3
	H-Set 3

	Category 8
	H-Set 6, H-Set 3
	H-Set 3
	H-Set 3

	Category 9
	H-Set 6, H-Set 3
	H-Set 3
	H-Set 3

	Category 10
	H-Set 6, H-Set 3
	H-Set 3
	H-Set 3

	Category 11
	H-Set 4
	H-Set 4
	H-Set 4

	Category 12
	H-Set 5
	H-Set 5
	H-Set 5

	Note 1:
Single link minimum performance requirements for Categories 7-10 in Pedestrian A with 
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=10dB are set according to H-Set 6. Requirements in other conditions are according to H-Set 3.

Note 2:
For UE supporting the minimum performance requirements for HS-DSCH the minimum requirements for HS-SCCH detection for single link are determined in Table 9.4.1.2 and for open loop transmit diversity in Table 9.4.2.2.


Based on the above table H-Set6 will be chosen as FRC. During the FRC tests the behaviour of the Node B emulator in response to the ACK/NACK signalling field of the HS-DPCCH is specified in Table 6.

Table 6 Behavior of Node B emulator in response to ACK/NACK/DTX

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

	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


3.2 Throughput measurement

Throughput in test mode is measured in DL channel 10562.

Method of test:

1. Set up an HSDPA connection with physical channel levels according to table 4. Please note that these might not be default settings of the radio communication tester. 

Table 7. Pysical 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

	Measurement conditions
	PA3 & Case 8:HS-PDSCH = -6dB, Ior/Ioc = 0 dB

Case 8: HS-PDSCH = -9 dB, Ior/Ioc = 0 dB


2. Set Node B emulator behavior according to Table 6.

3. Set test parameters on radio comm. tester according to Table 8.

Table 8. 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.


4. Set up number of frames to 5000, and repetition to “Single Shot”.

5. Select inner loop power control algorithm 2,  power continuously up.

6. Measure throughput i.e. Information bit rate received correctly at the UE. Throughput is calculated with the following formula: 

Throughput = Transmitted blocks size × Number of blocks acknowledged / Measuring time

3.3 Average Throughput

Rotate the EUT around vertical axis using angle step of 45º. Measure throughput in each angle according to paragraph 2.2 and calculate average throughput of all angles. Record average throughput values to Table 9.

Table 9. Throughput result table.

	Throughput [kbps]

	Rotation Angle 
	-63 dBm
	-69 dBm
	-75 dBm

	0°
	
	
	

	45°
	
	
	

	90°
	
	
	

	135°
	
	
	

	180°
	
	
	

	225°
	
	
	

	270°
	
	
	

	315°
	
	
	

	Average 
	
	
	


4 Test Schedule

Testing will be organized by Nokia. For further information miia.nurkkala@nokia.com can be contacted.

5 Gained Experience and Discussion

To able to compare throughput results between labs one of challenges of this test plan has been to define an absolute power level in the center of the test volume of the used chamber. Options discussed have been the average power of the fading profile or a power level of a constant single tap model.

There has also been considerable amount of discussion on the appropriate way to calibrate the used test system including the effect of the channel emulator. Can the channel emulator be treated as a variable attenuator in the signal path or do each power settings require calibration.

One of the important aspects for further study is to implement horizontal polarization to the test system. Because the aim of this contribution was to study calibration and repeatability, it was left out. However to create a realistic radio channel to the chamber, both vertical and horizontal polarizations have to be taken in to account.

One of practical challenges that have been acknowledged is to set identical communication tester settings when testers from different manufacturers are used.

6 Conclusions

This contribution described the test plan for OTA throughput comparison measurements. The test plan has already been used in several measurements within MIMO OTA work in COST2100 and CTIA. It is proposed that the same test plan is used as guideline in 3GPP MIMO OTA comparison measurements during the Study Item.
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