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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is the technical report for the study item on NR MIMO OTA, which was approved at TSG RAN#80 [2]. The scope of the SI is to define the radiated metrics and end-to-end test methodology for the verification of multi-antenna reception performance of NR UEs in FR1 and FR2 and the associated preliminary measurement uncertainty budgets.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-181402, “New SID on Study on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR UEs”.

[3]
3GPP TR 37.977: "Universal Terrestrial Radio Access (UTRA) and Evolved Universal Terrestrial Radio Access (E-UTRA); Verification of radiated multi-antenna reception performance of User Equipment (UE)".

[4]
3GPP TR 38.810: “Study on test methods for New Radio”.

[5]
IEEE Std 149: "IEEE Standard Test Procedures for Antennas", IEEE.
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP 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 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

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

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP 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 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
General
4.1
Device types
The following device types are in the scope of this study:

-
Smartphone

-
Tablet

-
Wearable device

-
Fixed wireless access (FWA) terminal

-
Other UE types are not precluded for discussion as a second priority

The development of test methodology aspects shall initially focus on the smartphone device type.
4.2
Testing configuration
Utilizing the free space (FS) testing configuration is the first priority. A second priority is the study of head/hand/body blocking and its impact on test methods – this will be in collaboration with CTIA who plan to study these aspects.
4.3
Testing Bands

The present technical report covers both FR1 and FR2 operating bands.

Table 4.3-1: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	450 MHz – 6000 MHz

	FR2
	24250 MHz – 52600 MHz


Table 4.3-2: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high


	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780MHz
	N/A
	SUL


Table 4.3-3: NR operating bands in FR2
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD


5
Performance metrics
5.1
Figure of Merits
<Editor’s note: whether different FoMs are introduced for FR1 and FR2 is FFS; these can be captured as additional sub-clauses >

5.1.1
Definition of MIMO throughput

MIMO throughput is defined here as the time-averaged number of correctly received transport blocks in a communication system running an application, where a Transport Block is defined in the reference measurement channel. From OTA perspective, this is also called MIMO OTA throughput. It will be used as the baseline figure of merit for FR1 and also FR2 static testing.
The MIMO OTA throughput is measured at the top of physical layer of NR system under the use of FRC, the SS transmit fixed-size payload bits to the DUT. The DUT signals back either ACK or NACK to the SS. The SS then records the following:


Number of ACKs,


Number of NACKs, and


Number of DTX slots
Hence the MIMO (OTA) throughput can be calculated as
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Where Transmitted TBS is the Transport Block Size transmitted by the SS, which is fixed for a FRC during the measurement period. MeasurementTime is the total composed of successful slots (ACK), unsuccessful slots (NACK) and DTX-symbols.

The time-averaging is to be taken over a time period sufficiently long to average out the variations due to the fading channel. Therefore, this is also called the average MIMO OTA throughput. The throughput should be measured at a time when eventual start-up transients in the system have evanesced.
5.2
Averaging of throughput curves
<Editor’s note: clause content is FFS >

6
Measurement methodologies
6.1
Environmental conditions
<Editor’s note: environmental conditions are specified in the SID>

<Editor’s note: descriptions and definitions are FFS>
6.2
Measurement setup

<Editor’s note: alternative methods can be captured as additional sub-clauses>
6.2.1
Multi-Probe Anechoic Chamber (MPAC) for FR1

 MPAC test method is the reference methodology for FR NR MIMO OTA testing. By arranging an array of antennas around the Equipment Under Test (EUT), a spatial distribution of angles of arrival in MPAC system may be simulated to expose the EUT to a near field environment that appears to have originated from a complex multipath far field environment. 
Signals propagate from the base station/communication tester to the EUT through a simulated multipath environment known as a spatial channel model, where appropriate channel impairments such as Doppler and fading are applied to each path prior to injecting all of the directional signals into the chamber simultaneously through the antenna array. The resulting field distribution in the test zone is then integrated by the EUT antenna(s) and processed by the receiver(s) just as it would do so in any non-simulated multipath environment.
Figure 6.2.1-1: MPAC system layout for NR FR1 MIMO OTA testing (the diagram is TBD)
6.2.2
Radiated Two Stage (RTS) for FR1

RTS test method is the harmonized methodology for FR1 NR MIMO OTA testing. 
6.2.3
Baseline setup for FR2
<Editor’s note: clause content is FFS>
6.3
Test methodology verification
<Editor’s note: clause content is FFS, FR1 and FR2 can be captured as additional sub-clauses >
6.4
Test method applicability
<Editor’s note: clause content is FFS >
6.5
EUT positioning in the chamber

<Editor’s note: related orientation tables in Annex A.3 need to be added >

6.5.1
Minimum test zone size 
The minimum test zone size for NR MIMO OTA test methods, both FR1 and FR2, is 20cm. Another test zone size larger than 20cm is FFS. “Black-box” testing approach is adopted for NR MIMO OTA testing, the physical center of the EUT shall be placed in the center of the test zone, the EUT shall completely contained within the test zone size defined by respective operation band. The detailed test zone size for each band is listed in Annex A.4.

6.5.2
EUT orientation within the test zone 
In order to minimize measurement uncertainty, it’s important that test house ensure the EUT is oriented within the chamber’s test zone in a standardized manner. Annex A.3 provides a preliminary set of normative EUT orientation conditions. 

For FR1 MIMO OTA, the DUT shall be tested under Free Space Data Mode Portrait (FS DMP), Free Space Fata Mode Landscape (FS DML), and Free Space Data Mode Screen Up flat (FS DMSU), the DUT azimuthal rotation shall be performed over 360 degrees per orientation in 30 degree steps (12 total positions). Fine angular steps at FR1 high frequency for rotation is FFS.
7
Channel Models
7.1
General

 The different channel models are defined to create corresponding complex multipath radio propagation conditions for FR1 and FR2. The following scenarios are selected for NR MIMO OTA:

FR1 scenarios:

· For 2x2 MIMO: Urban Macro

· For 4x4 MIMO: Urban Micro
FR2 static testing scenarios:

· Urban Micro street canyon and Indoor
7.2
Channel Models 
7.2.1
Channel Models for FR1

The baseline channel model for FR1 MIMO OTA is 2D without elevation modelling. The following channel model tables are to be used for FR1 NR MIMO OTA testing:
7.2.2
Channel Models for FR2

<Editor’s note: whether different models are introduced for static and dynamic is FFS; these can be captured as additional sub-clauses >
7.3
Verification of Channel Model implementation
<Editor’s note: detailed verification procedures need be added >

7.3.1
Channel Models validation 

This clause describe the MIMO OTA validation measurements, in order to ensure that the channel models are correctly implemented and hence capable of generating the propagation environment, as described by the model, within the test zone.

The following measurements shall be done for FR1 channel model validation:

· Power Delay Profile (PDP) 

· Doppler/Temporal correlation
· Spatial correlation
· Cross-polarization
· Power validation
The following measurements shall be done for FR2 channel model validation:

· Power Delay Profile (PDP) 

· Doppler/Temporal correlation
· PAS similarity percentage (PSP)

· Cross-polarization
· Power validation
7.3.1.1
Power Delay Profile (PDP)

This measurement checks that the resulting power delay profile (PDP) is in-line with the PDP defined for the channel model.
7.3.1.2
Doppler/Temporal correlation
This measurement checks the Doppler/temporal correlation. 
7.3.1.3
Spatial correlation
This measurement checks whether the measured correlation curve follows the theoretical curve. 
7.3.1.4
Cross-polarization
This measurement checks how well the measured vertically or horizontally polarized power levels follow expected values.
7.3.1.5
Power validation
This measurement checks the total power in the center of the test zone.
7.3.1.6
PAS similarity percentage (PSP)
7.3.1.7
Correlation matrix
<Editor’s note: whether using the correlation matrix to validate the FR1 channel model is FFS >
7.3.2
Pass/Fail Criteria  

8
Base station configuration
8.1
General

<Editor’s note: clause content is FFS>

8.2
gNodeB emulator settings

<Editor’s note: gNodeB setting is FFS>

Annex A:
UE coordinate system
A.1
Reference coordinate system
This annex defines the measurement coordinate system for the NR MIMO OTA.  The reference coordinate system, as defined in [5] is provided in Figure A.1-1 below while A.1-2 shows the DUT in the default alignment.
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Figure A.1-1: Reference coordinate system
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Figure A.1-2: DUT default alignment to coordinate system

The following aspects are necessary:

-
A basic understanding of the top and bottom of the device is needed in order to define unambiguous DUT positioning requirements for the test, e.g., in the drawings used in this annex, the three buttons are on the bottom of the device (front) and the camera is on the top of the device (back).
-
An understanding of the origin and alignment of the coordinate system inside the test system, i.e. the directions in which the x, y, z axes point inside the test chamber, is needed in order to define unambiguous DUT orientation, DUT beam, signal, interference, and measurement angles.
A.2
Test conditions and angle definitions
<Editor’s note: clause content is FFS>
A.3
DUT positioning guidelines
<Editor’s note: clause content is FFS>

A.4
Test Zone dimensions

<Editor’s note: clause content is FFS; FR1 and FR2 can be captured as additional sub-clauses >
Annex B:
Measurement uncertainty

B.1
Measurement uncertainty budget for FR1
<Editor’s note: whether alternate methods are introduced is FFS; the MU budgets for these methods can be captured as additional sub-clauses>
B.1.1
Measurement Uncertainty assessment
<Editor’s note: clause content is FFS>
B.1.2
Measurement error contribution descriptions
<Editor’s note: clause content is FFS>
B.2
Measurement uncertainty budget for FR2
<Editor’s note: whether alternate methods are introduced is FFS; the MU budgets for these methods can be captured as additional sub-clauses>
B.2.1
Measurement Uncertainty assessment
<Editor’s note: clause content is FFS >

B.2.2
Measurement error contribution descriptions
<Editor’s note: clause content is FFS >
Annex C:
Environmental requirements
C.1
Scope
<Editor’s note: see 38.810>

C.2
Ambient temperature
<Editor’s note: see 38.810>
C.3
Operating voltage
<Editor’s note: see 38.810>
Annex <X>:
Change history

This is the last annex for TRs which details the change history using the following table.
This table can be used for recording progress during the WG drafting process till TSG approval of this TR.
For TRs under change control, use one line per approved Change Request

Date: use format YYYY-MM

TSG # : use format RAN#55

CR: four digits, leading zeros as necessary

Rev: blank, or number (max two digits)

Cat: use one of the letters A, B, C, D, F

Subject/Comment: for TRs under change control, include full text of the subject field of the Change Request cover

New vers: use format n[n].n[n].n[n]
	Change history

	Date
	Meeting
	TDoc
	CR
	Rev
	Cat
	Subject/Comment
	New version

	2018-10
	R4#88bis
	R4-1813566
	
	
	
	Skeleton of TR38.827 on NR MIMO OTA test methods
	0.0.1

	2019-02
	R4#90
	R4-1901362
	
	
	
	R4-1815935, R4-1816656
Updated TR scope and FoM 
	0.1.0

	2019-05
	R4#91
	R4-1906127
	
	
	
	R4-1905103 
Reference coordinate system
	1.0.0

	2019-08
	R4#92
	R4-190xxxx
	
	
	
	R4-1907609
Test methods, EUT orientations, and Channel model validation
	1.0.1


_1288078025.doc
[image: image1.jpg]K oy







