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Background

The HSPA MIMO OTA measurement campaign has been started and is expected to be completed in November, 2010. The main figure of merits (i.e. MIMO Throughput) is being measured. However, as part of study item, the LTE MIMO OTA should be studied also. It was agreed that a similar measurement campaign will be organized to evaluate the performance of LTE MIMO devices under different candidate methodologies. 

In the last RAN4#AH4 meeting, the LTE MIMO OTA test plan was discussed in [1] and it was agreed to adopt the test plan as a baseline for the forthcoming LTE MIMO OTA measurement campaign. In addition, there have been offline comments and feedback on the test plan in [1]. 

In this contribution, a revision to the test plan is produced by taking into consideration of all the comments and feedback. The additional considerations are also presented here based on the experience drawn from the HSPA MIMO OTA Round-Robin measurement campaign. 

Discussion 

The test plan is based on HSPA MIMO OTA test plan. The main difference here is:
1. The fixed measurement reference channels used are different compared to HSPA system. 

2. Detailed settings for the BS emulator are different compared to HSPA system.
3. Detailed configuration of DUTs (i.e. LTE devices) will be different compared to HSPA DUTs. 

In order to ensure that the same methodology can be used for both HSPA and LTE system, it is highly desirable to maintain the commonality between the HSPA and LTE test plans. 
From the HSPA Rx diversity measurement campaign, it was observed that more detailed parameters need to be defined clearly in the test plan in order to generate comparable results among the candidate methodologies. It was also noticed that for those FOMs (e.g. correlation, MEG, diversity gain, etc.) that require connection to the DUT’s antennas cannot be measured unless the correct RF connector type is specified. Note that different labs could produce different antenna performance for the same DUT type if the RF connector is not specified. In addition, the number of channel models used can be reduced (since not all the subsets are being used). 
However, some parameters specified in the FRC should be further clarified. For example, the role of the OCNG setups should be clarified. The specified setup for bit payload per subframe is not increasing progressively the coding rate so as to make all information fit in the allocated by the PHY layer. This could results in slightly lower throughput values that when that occurs in real situations. It is something that certainly deserves a look at.

 The setup for Noc is fixed, but this really depends on output power of the UE. The higher the output power, the higher has to be the Noc setup so as to fit within the DAC converter range. This may require external AWGN units which are not desirable since this would make MIMO OTA tests more complex. This is indeed a complex issue as noise in general MIMO OTA tests is something under discussion.
For the 2-Stage method calibration process, further clarifications are needed to specify the impedance matching between the DUT and RF cable, and how to adjust the power level to match the impedance

Finally, for MIMO throughput measurement procedure, it is necessary to check whether setting the channel output power to 8 dB below the average channel power level is appropriate to ensure that the OTA link can still be maintained between the DUT and eNB emulator. 

The list of participants is shown below:

	Member
	Country
	DUT
	Comments

	EMITE Eng. 
	Spain
	To be Provided by Vodafone
	

	Huawei
	China
	To be Provided by Vodafone
	

	Spirent communications
	USA
	To be Provided by Vodafone
	

	R&S 
	Germany
	To be Provided by Vodafone
	

	Agilent
	China
	To be Provided by Vodafone
	

	Azimuth Systems
	USA
	To be Provided by Vodafone
	

	TMC
	China
	To be Provided by Vodafone
	


Table 1: LTE MIMO OTA Round-robin Measurement Campaign
Table above shows the confirmed participants, where a fixed amount of time-slot will be awarded to performed the measurement activity. In line with HSPA Rx diversity measurement campaign, it is possible to split the measurement activities into 2 parallel subgroups. 
Note: Interested proponents of MIMO OTA/Companies are encouraged to commit to the test plan by entering a time-slot in the table above. 

Proposal

It is therefore proposed that the detailed test plan can be endorsed by RAN4 in order to kick-start the LTE measurement campaign. 

It is also proposed that the test plan to be included in the TR 37.976 [1] as information. The detailed test plan is included. 
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Scope

The present document is the technical report for the study item on MIMO OTA, which was approved at TSG RAN#43 [2]. The scope of the SI is to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE. The test methodology should be relevant for HSPA and LTE technologies, with particular focus on handheld devices and devices embedded in laptop computers.
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

H
Channel matrix

(
Adjacent probe separation angle
(
Zenith angle in the spherical co-ordinate system 

(
Azimuth angle in the spherical co-ordinate system

3.3
Abbreviations

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

BS
Base Station

BTS
Base Transceiver Station

COST
Cooperation of Scientific and Technical

CTIA
Cellular and Telecommunication Industry Association

UDP
User Datagram Protocol

DUT
Device Under Test

FTP
File Transfer Protocol

HSPA
High Speed Packet Access

HTTP
HyperText Transfer Protocol

LTE
Long Term Evolution

MIMO
Multiple Input Multiple Output

OTA
Over-the-Air

SCM
Spatial Channel Model

SCME
Spatial Channel Model Extension

SI
Study Item

SS
System Simulator

4
Introduction
4.1
Background

The use of MIMO and receiver diversity in the UE is expected to give large gains in downlink throughput performance for HSPA and LTE devices. 3GPP already defined conducted tests for MIMO and multiple antenna receivers (type 1 and type 3 in TS25.101 for HSPA demodulation), but it is clear that the ability to duplicate these gains in the field is highly dependent on the performance of the receive-antenna system. 

At TSG RAN#41, it was indicated that there is a need for a test methodology to be created with the aim of measuring and verifying the radiated performance of multi-antenna and MIMO receiver in UEs for both HSPA and LTE devices. As an outcome of the discussion, an LS was sent to COST 2100 SWG2.2 and CTIA ERP to ask them for feedback on their plans/ongoing work in this area, and also the timescales for which such work could be completed to define such a methodology, with particular focus on handheld devices and devices embedded in laptop computers.

Since then, feedback from COST 2100 and CTIA has suggested they are happy to work on this topic. However given that 3GPP is the customer for this work as well as being a potential contributor, it is important to aim for commonly-accepted measurement and test methodology to be used across the industry.
4.2
Study item objective

The high level objective of this study item is to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE. The test methodology should be relevant for HSPA and LTE technologies, with particular focus on handheld devices and devices embedded in laptop computers. 

The steps intended to achieve this involve the following:

1) Identify the performance metrics and clarify the requirements of operators for defining such a methodology.

2) Review of potential solutions also considering input from CTIA ERP and COST 2100.

3) Agree the final solution, and detail the agreed 3GPP solution in a technical report to be reported to RAN plenary.

4) Maintain ongoing communication with COST 2100 and CTIA ERP to ensure industry coordination on this topic.

TSG RAN should contact TSG GERAN to get feedback on the applicability of such a test methodology for GERAN.

4.3
High Level Requirements

The following high level requirements are agreed by RAN4: 

1.
Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals must be performed over-the-air, i.e. without RF cable connections to the DUT.

NOTE 1:
DUTs to the test house will have accessibility to temporary antenna port for conducted purposes.

NOTE 2:
Temporary antenna port is used to assess to DUT receiver.

NOTE 3:
UE special function to measure antenna pattern is not desirable for MIMO OTA purposes.
2.
The MIMO OTA method(s) must be able to differentiate between a good terminal and a bad terminal in terms of MIMO OTA performance.

3.
The desired primary Figure of Merit (FOM) is throughput.

--- Unchanged texts omitted ----
--- Text Proposal Starts ----

Annex B: LTE MIMO OTA Test Plan
B.1
Test Objectives

5) To measure a set of figure of merits by using the same reference DUTs for the candidate methodologies, 

6) To compare the OTA figure of merits results between the candidate methodologies, and 

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

B.2
Test Setup

The test system setup is shown in Figure B.2 for the proposed methodologies in [1]. For anechoic chamber based methodologies in Figure B.2-1, a number of vertically and horizontally polarized antennas are located on a plane with respect to the DUT. The typical number of antennas is at least eight in a full circle and at least three for a single cluster test. The antenna probes’ distance from the DUT, 
[image: image1.wmf]r

, will vary from lab to lab. The DUT will be rotated around its centre line by using the electronically-controlled turntable system or using a manual turning approach. The angle of turning is designated as 
[image: image2.wmf]q

. An anechoic chamber of sufficient size (
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) m is used and this will vary from lab to lab. The uplink signal amplifier is required to ensure good isolation between Tx and Rx port of eNodeB emulator.
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Figure B.2-1: Anechoic-chamber based methodologies
Figure B.2-2 shows the setup for the reverberation-chamber based methodologies. One or more measurement antennas can be used to transmit the RF signals to the DUT. The DUT is fixed in a position inside the chamber. The mode stirrers are used to create scattering waves that mimic certain propagation conditions. The uplink antenna is used to establish active communication link between the eNodeB emulator and the DUT.
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Figure B.2-2: Reverberation-chamber based methodologies
For the two-stage methodologies shown in Figure B.2-3, the antenna radiation patterns are measured inside the anechoic chamber for SISO system. The radiated antenna model is then fed to the channel emulator. An eNodeB emulator is also used to establish the reference measurement channel and the DUT is connected conductively to the channel emulator.
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Figure B.2-3: 2-Stage Methodologies
B.2.1 
Figure of Merits (FOMs)
The figure of merits (FOMs) is given in Table 1 [1]. Figure of merits or test parameters in Table B.2.1-1 should be measured where possible, starting from Category I to Category V.
Table B.2.1-1: 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)


From the FOMs, the second-order statistics can also be derived to assess the OTA performance of the DUT. 

B.2.2
Channel Models

The desired radio channel models that can be used for the measurement campaign are described in [1]. The recommended sub-set of channel models for the measurement campaign is listed below:
For full circle 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




The channel model used in the test is 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).

B.2.3
Antenna Probes

This setup is only applicable to anechoic-chamber based methodologies. 

The measurement antennas or antenna probes should be based on orthogonally polarised antennas that are capable of transmitting the vertical and horizontal component of the RF transmitted signals. 
Different types of antenna probes can be used, depending on the test methodology. However, antenna probes should be able to support the 3GPP LTE frequency bands, at various centre frequencies. The number of antenna probes needed in an anechoic chamber will depend on the methodology employed. 

For measurement campaign purpose, the antenna probes should be calibrated where possible and the following additional information about the antenna probes should be recorded:

· The antenna pattern of the antenna probes. 

· The cross-polarisation of the antenna probes. The cross-polarisation of an antenna probe is defined using Cross Polarisation Purity (AntennaCrossPolarisation). AntennaCrossPolarisation is used to ensure quality/controllability of polarisation effect. The vertical and horizontal gain component of antenna probe can be measured separately or simultaneously to define the XPR. The cross polarisation of the measurement antennas should be (20 dB for the operating carrier frequency. 

· The mutual coupling between vertical and horizontal antenna probe element. The mutual coupling between horizontal and vertical antenna probe element should be minimised (1 dB). 
B.2.4
eNodeB Emulator Parameter Settings

The eNodeB emulator parameters are set according to the type of DUT to be tested. 
B.2.4.1
LTE MIMO Parameter Settings 

For LTE MIMO transmission, the following FRCs can used to evaluate the OTA performance of a LTE DUT:
8) Reference measurement channels for PDSCH 

9) Reference measurement channels for PDCCH/PCFICH 

10) Reference measurement channels for PHICH 


11) Reference measurement channels for PBCH 

Different transmission modes (Table 7.2.3-0 in [7]) are also possible in LTE, as given below:

12) Transmit diversity

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

14) Closed-loop spatial multiplexing, UE feedback required

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

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

17) 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  B.2.4.1-1.

18) 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 B.2.4.1-1: 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
	

	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
	


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:

19) Set the DL operating frequency band. 

20) Select the FRC according to the UE category of DUT as given in Table B.2.4.1-1. 

21) For the chosen FRC channel, set the parameter value according to [6], and record the values in Table B.2.4.1-2. 

Table B.2.4.1-2: 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

	Noc
	dBm / 15 kHz
	-98
	-98
	-98
	-98
	-98
	-98

	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).
B.2.5
Reference DUTs Configurations

A set of reference DUTs consists of:

22) Laptops with LTE embedded modules. 

23) LTE USB dongles 

24) [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. 

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 ‎[2]. 
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 in ‎[2]. 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. 

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

B.3
Calibration of Test System
B.3.1
Calibration Procedure for Anechoic-chamber based methodologies
The test system shall be calibrated using the setup in Figure B.3.1-1. The UE is replaced by a reference antenna (shown in green) 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 pathloss from the input of the fading emulator to the UE location will be calculated.

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, maximum channel output power). Signal is routed to one antenna probe at a time. Each path (antenna probe) is calibrated separately.
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Figure B.3.1-1: Calibration Setup
The calibration steps are given as follows:

25) Measure the attenuation between points A and B (shown in Figure B.3.1-1) through the antenna probe. Point A is the input to the channel emulator and point B is the UE location represented by the reference antenna. The reference antenna has to be aligned with the antenna probe in order to have the antenna probe within the main lobe of the reference antenna, and with the correct polarization.
26) Calculate pathloss compensation factor as below:
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 is the compensation factor for antenna probe i to be adjusted by channel emulator.
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 is the measured attenuation via antenna probe i, and,
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27) Adjust the channel emulator outputs by the compensation factor. 
28) Calculate the pathloss of each route as follows: 
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where 
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 is the reference antenna gain. 

29) Repeat Step 1 to 3 for next antenna probe.

During the calibration phase the static propagation channel condition is 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 pathloss measurements needs to be used to adjust the signal level when using multiple antennas and a fading channel. 

The composite loss is the loss between point A and point B, as shown in Figure B.3.1-2. The average channel power is defined as the measured signal power level in the center of the probe array (Point B). The power at location B is the sum of signal powers via a number of calibrated probe antennas and averaged over 30 seconds. The total power should be determined for each channel model separately. The average channel power at Point B is also the eNodeB Emulator output power (Point A) minus the composite loss. 
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Figure B.3.1-2: Signal level in fading radio channel conditions

In order to verify that each antenna probe has been properly calibrated, a UE sensitivity measurement is performed for each antenna probe using the static propagation channel model. The result of this check can be used to verify that the probe antennas have been properly calibrated.
The test system is configured as in Figure B.1-1 according to the test procedure described in the “Test Procedure” section below, but with the following exceptions:
1)
The channel model is a single tap and non-faded (AWGN) channel.
2)
Only one probe antenna is used at a time.
Rotate the UE using an angle step,
[image: image15.wmf]q

 of 45° and measure the UE reference sensitivity. For each antenna probe and angle of step,
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, record the UE reference sensitivity in Table B.3.1-1.
Table B.3.1-1: Calibration check table

	Reference sensitivity/Angle 
	Path 1  [dBm]
	Path 2

[dBm]
	Path 3

[dBm]
	Path 4

[dBm]
	Path 5

[dBm]
	Path 6

[dBm]
	
	Path n

[dBm]

	0°
	
	
	
	
	
	
	
	

	45°
	
	
	
	
	
	
	
	

	90°
	
	
	
	
	
	
	
	

	135°
	
	
	
	
	
	
	
	

	180°
	
	
	
	
	
	
	
	

	225°
	
	
	
	
	
	
	
	

	270°
	
	
	
	
	
	
	
	

	315°
	
	
	
	
	
	
	
	

	Path Average
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where 
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 is the rotation angle, 
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= 8 for angle step of 45°, and,
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is the recorded reference sensitivity for each angle step 
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. 
The pathloss compensation is considered successful if the path average results are within ±1 dB.
B.3.2
Calibration Procedure for Reverberation-chamber based methodologies
The calibration of reverberation-chamber based methodologies should be based on Appendix E.3 in [4], which has been devised to support SISO-type device OTA measurement. 

For MIMO OTA, additional considerations on calibration procedure of reverberation-chamber based methodologies should be made. The S-parameters should be obtained using the standard vector network analyser that can support multiple port connections. These S-parameters are
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measurement antenna installed inside the chamber. N is the total number of stirrer positions. 

During the calibration, several essential parameters should be recorded: Chamber Q-factor or average power received from a lossless antenna, propagation channel-related parameters such as RMC delay, coherence bandwidth and Doppler spread. A proposed calibration setup for reverberation chamber type methodologies is shown in Figure B.3.2-1. 
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Figure B.3.2-1: Generic setup for calibration measurement in reverberation chamber

Based on Figure B.3.1-3 and Appendix E.3 in [1], the following calibration procedure can be used: 

1. Place all objects, which will be used during the measurements, into the RC. These objects could include a head phantom, hand phantom and fixture for the EUT, if applicable. The purpose of this step is to ensure that the loss in the chamber is the same during both calibration and measurements later. 

2. Place the calibration or reference antenna inside the RC. The calibration antenna is preferably mounted on a low-loss dielectric fixture, to avoid effects from the fixture itself which may affect the EUT’s radiation efficiency and mismatch factor. The calibration antenna must be placed in the chamber in such a way that it is far enough from any walls, mode-stirrers, head phantom, or other object, such that the environment for the calibration antenna (taken over the complete stirring sequence) resembles a free space environment. “Far enough away” depends on the type of calibration antenna used. For low-gain, nearly omni-directional antennas like dipoles it is normally sufficient to ensure that this spacing is larger than 0.5 wavelengths. More directive calibration antennas should be directed towards the center of the chamber.

3. Connect the first fixed measurement antenna and measure the S-parameters between port of fixed measurement antenna and the calibration antenna. The network analyser should be calibrated (by manufacturer) so that the S-parameter can be measured accurately. 

4. Repeat Step 3 for each stirrer position and carrier frequency. 

5. Connect the next fixed measurement antenna and repeat Step 3 – 4. 

6. Repeat Step 5 until all the fixed measurement antennas have been installed and calibrated in the chamber. 

Note that the frequency dependency of the S-parameters is suppressed in this formulation. The number of stirrer positions N in the chosen stirring sequence, i.e. the number of S-parameter samples at each frequency point, should be chosen in such a way that it is large enough to yield an acceptable statistical contribution to the total measurement uncertainty. As a guideline it should be in the range of 200 – 400 to ensure that the number of independent samples is not severely limited by the total number of samples measured. The number of independent samples, which is a subset of all samples, determines the statistical contribution to the expanded measurement uncertainty. This should be larger than 100 to ensure an expanded uncertainty less than 1 dB. 

Note also that the number of independent samples depends on the frequency, size of chamber, quality of stirrers, the level of loading by absorbing objects, and whether or not frequency stirring is used. A good chamber can provide 100 independent samples down to a lower frequency of operation than a bad chamber. The sequence of moving the stirrers to different positions may be either step-wise (stopping stirrer for each sample) or continuous (sampling on-the-fly). With continuous stirring it may not be possible to characterize the chamber over a wide frequency band at the same time.

The uplink signal amplifier is required to ensure good isolation between Tx and Rx port of eNodeB emulator. 

B.3.3
Calibration Procedure for 2-Stage methodologies

Working assumption is that DUT antennas can be removed. 
30) Remove the DUT antenna

31) Measure the RF impedance of the antennas and the DUT

32) Based on the measured antenna pattern and DUT impedance, calculate channel emulator output power. 

33) Attach RF cable to the antenna connectors

34) Adjust the channel emulator output power to match the RF impedance of DUT and RF cable. 
B.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. 

NOTE:

35) The reference for 0° DUT rotation is specified as clockwise viewed from the top of DUT and according to Appendix L.9.2 in [2].

B.4.1
Test Procedure 1
The following test procedure is used to measure MIMO throughput and CQI given in Table B.2.1-1.  The FOM is measured by varying the average channel power. The steps for doing that are shown below:

36) Set up fading test conditions defined in section B.2.  

37) Establish an LTE connection according to [3] with the UE in angular position 0 degrees.

38) Ensure and check that the eNodeB emulator behaviour is according to Table B.2.4.1-1.

39) Set eNodeB emulator parameters according to Table 4 or Table 5 depending on the DUT type. 

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

41) Select inner loop power control algorithm 2, power continuously up.

42) Adjust the average channel power to achieve roughly 50% of the FRC maximum throughput (DUT rotation 0°). Record this power level. 

Throughput is calculated with the following formula: 
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43) Set the average channel power 8 dB below the level recorded in step 7.

44) Measure the FOM and record the FOM result in Table B.4.1-1
45) Increase the average channel power by 2 dB

46) Repeat steps 9 and 10 until the FOM has been measured at 8 dB above the level in step 7

47) Rotate the DUT by 
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 degrees and repeat steps 8 to 11 until all rotation angles have been measured

48) Calculate the average value of the FOM for each power step over all rotation angles.

Table B.4.1-1: Throughput and CQI FOM result table
	Device Model
	

	Test Configuration
	

	Average channel power [dBm] 
	P1
	P2
	P3
	
	Pn

	Rotation Angle
	FOM Result

	0°
	
	
	
	
	

	45°
	
	
	
	
	

	90°
	
	
	
	
	

	135°
	
	
	
	
	

	180°
	
	
	
	
	

	225°
	
	
	
	
	

	270°
	
	
	
	
	

	315°
	
	
	
	
	

	Average
	
	
	
	
	


B.4.2
Test Procedure 2
The following test procedure is used to measure TRS/TIS given in Table B.2.1-1.  Detailed steps are FFS. 

B.4.3
Test Procedure 3
The following test procedure is used to measure TRP, Gain Imbalance, Spatial correlation, antenna Efficiency given in Table B.2.1-1.  Detailed steps are FFS. 
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