[bookmark: _Toc130286901][bookmark: _Toc163650416]3GPP TSG-RAN5 Meeting #103	R5-243313
Fukuoka City, Fukuoka , Japan, 20th – 24th May, 2024
	CR-Form-v12.3

	CHANGE REQUEST

	

	
	38.551
	CR
	0016
	rev
	-
	Current version:
	17.1.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	
	Core Network
	



	

	Title:	
	Clarification of Channel Model Coordinate System and Probe Placement

	
	

	Source to WG:
	Keysight Technologies UK Ltd, OPPO

	Source to TSG:
	R5

	
	

	Work item code:
	TEI17_Test, NR_MIMO_OTA-UEConTest
	
	Date:
	2024-05-06

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-17

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier 													release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
…
Rel-17	(Release 17)
Rel-18	(Release 18)
Rel-19	(Release 19)
Rel-20	(Release 20)

	
	

	Reason for change:
	To align CM with OTA coordinate system and to clarify probe alignment with coordinate system

	
	

	Summary of change:
	Add CM coordinate system and probe alignment in Figure A.2.1-3

	
	

	Consequences if not approved:
	Channel model coordinate system and probe placements are not properly defined

	
	

	Clauses affected:
	A.2.1, C.3.4

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	Alignment with R4-2405174

	
	

	This CR's revision history:
	





<<< Skip Unchanged Sections >>>
<<< START OF CHANGES >>>
[bookmark: _Toc130286900][bookmark: _Toc163650415][bookmark: _Toc130286913][bookmark: _Toc163650445]A.2.1	System setup
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.
As illustrated schematically in Figure A.2.1-1, 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. MPAC system with 16 uniformly spaced dual-polarized probes is permitted for NR FR1 MIMO OTA testing.
[image: A picture containing device, gauge, control panel

Description automatically generated]
Figure A.2.1-1: MPAC system layout for NR FR1 MIMO OTA testing

For the selected environmental conditions modelled by the FR1 CDL channel models, the minimum setup configuration can be described as in Table A.2.1-1:
Table A.2.1-1: Example of a minimum setup for MPAC
	
	MPAC

	Minimum number of antenna positions
	16

	Antenna spacing
	22.5

	Applicable channel model
	FR1 UMi/UMa CDL-C



The setup of OTA chamber antennas with sixteen antenna positions is depicted in Figure A.2.1-2. The DUT is at the centre, and the antennas are aligned on a circle around the DUT with uniform spacing (e.g. 22.5 with 32 elements arranged in 16 positions, where each position contains a vertically and horizontally polarized antenna pair). Denoting directions of K OTA antennas with fk, k = 1… K, and antenna spacing of 22.5. Each antenna is connected to a single fading emulator output port. In the figure, for example, antenna A1V denotes the first OTA antenna position and Vertically (V) polarized element, A8H denotes the eight OTA antenna position and horizontally (H) polarized element, etc.
[image: A diagram of a rectangular object with lines and numbers

Description automatically generated][image: A diagram of a device with arrows and directions

Description automatically generated with medium confidence]
Figure A.2.1-2: OTA chamber antenna setup with sixteen uniformly spaced dual polarized chamber antennas
The OTA/channel model coordinate systems and probe placement are further clarified in Figure A.2.1-3. The x-axis of the coordinate system is aligned with the centre of probe #1 and the x, y, and z axes of the OTA coordinate system are aligned with the xCM, yCM, and zCM axes of the channel model coordinate system. 
[image: A diagram of a device

Description automatically generated]
Figure A.2.1-3: Illustration of aligned OTA and channel model coordinate systems

<<< Skip Unchanged Sections >>>
C.3.4	Spatial correlation
This measurement checks whether the measured correlation curve follows the theoretical curve. For spatial correlation validation measurement, only Vertical validation measurement is required. Spatial correlation validation is only adopted for FR1 MIMO OTA.
The spatial correlation validation measurement setup is illustrated in Figure C.3.4-1. The network analyser transmits signals through the fading emulator and probes. The 16 probes radiate the signals within the anechoic chamber and a receiving test antenna is placed within the test zone. The test antenna is attached to a positioner that can move the antenna to pre-defined spatial locations on a fixed radius from the centre of the quiet zone. The received signal is measured with the network analyser.
The measurement and analysis procedure are as follows:
Set the target channel model to fading emulator:
1)	For each position of the test antenna in the test zone, step & pause the emulator to different time instances. Measure the frequency responses  for all stepped channel snapshots , where the interval between frequency and time samples is  and , respectively. The number of channel snapshots  and frequency samples  should be sufficiently high so that the matrix can be estimated reliably.
2)	Move the measurement antenna with a positioner to another location  and repeat step 2 to record frequency responses  of all stepped channel snapshots.
3)	Repeat step 3 to record frequency responses at all  spatial sample points.
4)	Stack measured time and frequency samples to a vector and calculate correlation between the first spatial sample point (i.e. ) and other spatial points .
5)	.
6)	Take the theoretical reference spatial correlation of the corresponding spatial sample points. Plot both the measured and theoretical curves.
7)	Calculate the weighted RMS correlation error between the measured and the reference.
[image: Diagram

Description automatically generated]
Figure C.3.4-1: Configuration for spatial correlation validation

Beam-Specific Block Diagram
It is assumed that the beams are mapped to the inputs of the channel emulator as follows:
-	Beam 1: Input 1 and Input 2.
-	Beam 2: Input 3 and Input 4 (CDL-C UMa only).
[image: Shape

Description automatically generated with medium confidence]
Figure C.3.4-2: Configuration for spatial correlation validation (CDL-C UMi)

[image: Shape

Description automatically generated with medium confidence]
Figure C.3.4-3: Configuration for spatial correlation validation (CDL-C UMa)

Time and frequency samples
The number of temporal snapshots N and frequency samples M is shown in Table C.3.4-1. The channel model specification is presented in Table C.3.4-2.   
Table C.3.4-1: VNA settings for spatial correlation
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink centre frequency
in Table C.3.1-1

	Span
	MHz
	0 (see note 2) 

	RF output level
	dBm
	-15

	Number of traces
	 
	1000

	Distance between traces in channel model
	Wavelength (see note 1)
	> 2

	Number of points
	
	1 (or the smallest possible)
(see note 2) 

	Averaging
	
	1

	NOTE1:	Time in seconds = distance [] / MS speed [/s].
	MS speed [/s] = MS speed [m /s] / Speed of light [m/s] * Center frequency [Hz].
NOTE 2:	Span and number of points may be increased to estimate reliably.



Table C.3.4-2: Channel model specification
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink centre frequency
in Table C.3.1-1

	Channel model samples
	Wavelength
	> 2000

	Channel model
	
	As specified in clause C.1

	Mobile speed
	km/h
	30



Spatial samples
The spatial samples for the correlation validation measurement are on the circumference of the quiet zone, as illustrated in Figure C.3.4-4. The test zone is a circle with 20 cm diameter in the horizontal plane. The reference point (denoted by a red marker) is in AoA 270. The mean AoAs of the CDL-C UMi and CDL-C UMa models are slightly different, but the underlying geometry for the CDL model indicates that the mean AoA (or assumed LoS direction) of the model is 180°. The reference point orientation of the validation measurement is proposed to be with 90° offset to the channel model reference AoA to enable accurate sampling of the main lobe of the spatial correlation curve. The reference point orientation has to be defined in the channel model coordinate system, see Figure A.2.1-3, instead of the chamber/probe coordinate system to enable optimization of OTA model implementation to achieve better alignment with the cluster AoAs and probe directions. In order to have spatial samples that yield reasonable measurement times and adequately capture the main lobe of the correlation curve, a non-uniform sampling is used where the first quadrant i.e. 270-180, is sampled with dense sampling compared to the rest of the circle. The spacing of the spatial samples is summarized in Table C.3.4-3 for test frequencies less than 1800 MHz and equal to or greater than 1800 MHz.
Table C.3.4-3: Spacing of Spatial Samples
	Test Frequencies [MHz]
	First quadrant of test zone circumference (270o-180o)
	Remaining quadrants

	617, 722, 836.5 1575.42
	/15
	/4

	1800, 2132.50, 2450, 3600, 4700
	/10
	/2



[image: A red moon in a black sky

Description automatically generated with medium confidence]
Figure C.3.4-4: Test zone interpretation with Angle of Arrival reference orientation

[image: ]
Figure C.3.4-5: Spatial sampling for spatial correlation validation measurement for
test frequencies less than and equal to or greater than 1800 MHz:
617 MHz spatial sampling (left) and 4700 MHz spatial sampling (right)

Reference Spatial Correlation Curves
The spatial correlation validation reference curves are tabulated in Tables C.3.4-4 and C.3.4-5 for CDL-C UMi and CDL-C UMa, respectively, for a vertically polarized MPAC OTA setup with 16 uniformly spaced probes.
Table C.3.4-4: Spatial correlation reference curves for CDL-C UMi model for
a vertically polarized MPAC OTA setup with 16 uniformly spaced probes at FR1 test frequencies
	Azim []
	|| beam 1
	Azim []
	|| beam 1
	Azim []
	|| beam 1
	Azim []
	|| beam 1
	Azim []
	|| beam 1

	617 MHz
	722 MHz
	836.5  MHz
	1575.42 MHz
	1800 MHz

	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00

	251.4
	1.00
	254.1
	1.00
	256.3
	1.00
	262.7
	1.00
	260.9
	1.00

	232.9
	1.00
	238.3
	1.00
	242.6
	1.00
	255.5
	1.00
	251.7
	1.00

	214.3
	0.99
	222.4
	1.00
	228.9
	1.00
	248.2
	1.00
	242.6
	0.99

	195.8
	0.99
	206.6
	0.99
	215.2
	0.99
	240.9
	0.99
	233.5
	0.99

	110.4
	0.87
	190.7
	0.98
	201.6
	0.98
	233.7
	0.99
	224.3
	0.98

	40.8
	0.87
	120.5
	0.84
	187.9
	0.96
	226.4
	0.99
	215.2
	0.97

	331.2
	0.98
	61.1
	0.80
	128.7
	0.82
	219.1
	0.98
	206.0
	0.95

	
	
	1.6
	0.91
	77.3
	0.73
	211.9
	0.97
	196.9
	0.92

	
	
	302.1
	0.99
	26.0
	0.81
	204.6
	0.96
	187.8
	0.87

	
	
	
	
	334.7
	0.95
	197.3
	0.94
	134.3
	0.39

	
	
	
	
	283.3
	1.00
	190.0
	0.91
	88.6
	0.15

	
	
	
	
	
	
	182.8
	0.87
	43.0
	0.24

	
	
	
	
	
	
	152.7
	0.66
	357.3
	0.62

	
	
	
	
	
	
	125.5
	0.44
	311.6
	0.94

	
	
	
	
	
	
	98.2
	0.30
	
	

	
	
	
	
	
	
	71.0
	0.28
	
	

	
	
	
	
	
	
	43.7
	0.37
	
	

	
	
	
	
	
	
	16.5
	0.54
	
	

	
	
	
	
	
	
	349.2
	0.75
	
	

	
	
	
	
	
	
	321.9
	0.91
	
	

	
	
	
	
	
	
	294.7
	0.99
	
	



	Azim []
	|| beam 1
	Azim []
	|| beam 1
	Azim []
	|| beam 1
	Azim []
	|| beam 1

	2132.5 MHz
	2450 MHz
	3600 MHz
	4700 MHz

	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00

	261.9
	1.00
	263.0
	1.00
	265.2
	1.00
	266.3
	1.00

	253.9
	1.00
	256.0
	1.00
	260.5
	1.00
	262.7
	1.00

	245.8
	0.99
	249.0
	0.99
	255.7
	0.99
	259.0
	0.99

	237.8
	0.99
	242.0
	0.99
	250.9
	0.99
	255.4
	0.99

	229.7
	0.98
	234.9
	0.99
	246.1
	0.99
	251.7
	0.99

	221.7
	0.97
	227.9
	0.98
	241.4
	0.98
	248.1
	0.98

	213.6
	0.96
	220.9
	0.97
	236.6
	0.98
	244.4
	0.98

	205.6
	0.93
	213.9
	0.95
	231.8
	0.97
	240.8
	0.98

	197.5
	0.89
	206.9
	0.92
	227.1
	0.97
	237.1
	0.97

	189.5
	0.84
	199.9
	0.88
	222.3
	0.95
	233.5
	0.97

	181.4
	0.77
	192.9
	0.83
	217.5
	0.93
	229.8
	0.96

	139.7
	0.27
	185.9
	0.76
	212.7
	0.90
	226.1
	0.95

	99.5
	0.14
	144.9
	0.19
	208.0
	0.86
	222.5
	0.93

	59.2
	0.14
	109.9
	0.26
	203.2
	0.81
	218.8
	0.91

	18.9
	0.26
	74.8
	0.37
	198.4
	0.75
	215.2
	0.87

	338.6
	0.71
	39.8
	0.19
	193.7
	0.68
	211.5
	0.83

	298.4
	0.97
	4.7
	0.29
	188.9
	0.59
	207.9
	0.78

	
	
	329.7
	0.74
	184.1
	0.49
	204.2
	0.72

	
	
	294.6
	0.97
	156.1
	0.23
	200.6
	0.64

	
	
	
	
	132.3
	0.62
	196.9
	0.56

	
	
	
	
	108.4
	0.85
	193.3
	0.47

	
	
	
	
	84.6
	0.93
	189.6
	0.37

	
	
	
	
	60.7
	0.92
	185.9
	0.27

	
	
	
	
	36.9
	0.79
	182.3
	0.18

	
	
	
	
	13.0
	0.42
	161.7
	0.51

	
	
	
	
	349.1
	0.15
	143.5
	0.83

	
	
	
	
	325.3
	0.60
	125.2
	0.95

	
	
	
	
	301.4
	0.90
	106.9
	0.89

	
	
	
	
	277.6
	1.00
	88.6
	0.80

	
	
	
	
	
	
	70.4
	0.78

	
	
	
	
	
	
	52.1
	0.88

	
	
	
	
	
	
	33.8
	0.98

	
	
	
	
	
	
	15.5
	0.91

	
	
	
	
	
	
	357.3
	0.53

	
	
	
	
	
	
	339.0
	0.09

	
	
	
	
	
	
	320.7
	0.50

	
	
	
	
	
	
	302.4
	0.82

	
	
	
	
	
	
	284.2
	0.97



Table C.3.4-5: Spatial correlation reference curves for CDL-C UMa model for a vertically polarized MPAC OTA setup with 16 uniformly spaced probes at FR1 test frequencies 
	Azim []
	|| comb
	Azim []
	|| comb
	Azim []
	|| comb
	Azim []
	|| comb
	Azim []
	|| comb

	617 MHz
	722 MHz
	836.5 MHz
	1575.42 MHz
	1800 MHz

	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00

	251.4
	0.99
	254.1
	0.99
	256.3
	0.99
	262.7
	0.99
	260.9
	0.99

	232.9
	0.99
	238.3
	0.98
	242.6
	0.98
	255.5
	0.98
	251.7
	0.96

	214.3
	0.98
	222.4
	0.97
	228.9
	0.97
	248.2
	0.96
	242.6
	0.93

	195.8
	0.96
	206.6
	0.96
	215.2
	0.96
	240.9
	0.94
	233.5
	0.90

	110.4
	0.61
	190.7
	0.94
	201.6
	0.95
	233.7
	0.92
	224.3
	0.89

	40.8
	0.47
	120.5
	0.58
	187.9
	0.92
	226.4
	0.91
	215.2
	0.88

	331.2
	0.85
	61.1
	0.30
	128.7
	0.56
	219.1
	0.90
	206.0
	0.87

	
	
	1.6
	0.56
	77.3
	0.19
	211.9
	0.89
	196.9
	0.84

	
	
	302.1
	0.95
	26.0
	0.27
	204.6
	0.88
	187.8
	0.79

	
	
	
	
	334.7
	0.70
	197.3
	0.87
	134.3
	0.16

	
	
	
	
	283.3
	0.99
	190.0
	0.84
	88.6
	0.30

	
	
	
	
	
	
	182.8
	0.79
	43.0
	0.22

	
	
	
	
	
	
	152.7
	0.42
	357.3
	0.36

	
	
	
	
	
	
	125.5
	0.13
	311.6
	0.57

	
	
	
	
	
	
	98.2
	0.30
	
	

	
	
	
	
	
	
	71.0
	0.31
	
	

	
	
	
	
	
	
	43.7
	0.29
	
	

	
	
	
	
	
	
	16.5
	0.33
	
	

	
	
	
	
	
	
	349.2
	0.29
	
	

	
	
	
	
	
	
	321.9
	0.48
	
	

	
	
	
	
	
	
	294.7
	0.88
	
	



	Azim []
	|| comb
	Azim []
	|| comb
	Azim []
	|| comb
	Azim []
	|| comb

	2132.5 MHz
	2450 MHz
	3600 MHz
	4700 MHz

	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00

	261.9
	0.99
	263.0
	0.99
	265.2
	0.98
	266.3
	0.98

	253.9
	0.95
	256.0
	0.95
	260.5
	0.95
	262.7
	0.94

	245.8
	0.92
	249.0
	0.91
	255.7
	0.90
	259.0
	0.89

	237.8
	0.89
	242.0
	0.87
	250.9
	0.84
	255.4
	0.83

	229.7
	0.86
	234.9
	0.85
	246.1
	0.80
	251.7
	0.78

	221.7
	0.85
	227.9
	0.83
	241.4
	0.77
	248.1
	0.73

	213.6
	0.85
	220.9
	0.82
	236.6
	0.75
	244.4
	0.70

	205.6
	0.83
	213.9
	0.82
	231.8
	0.73
	240.8
	0.68

	197.5
	0.80
	206.9
	0.80
	227.1
	0.72
	237.1
	0.66

	189.5
	0.75
	199.9
	0.77
	222.3
	0.71
	233.5
	0.65

	181.4
	0.67
	192.9
	0.73
	217.5
	0.70
	229.8
	0.64

	139.7
	0.22
	185.9
	0.66
	212.7
	0.69
	226.1
	0.63

	99.5
	0.24
	144.9
	0.26
	208.0
	0.67
	222.5
	0.62

	59.2
	0.03
	109.9
	0.23
	203.2
	0.64
	218.8
	0.61

	18.9
	0.16
	74.8
	0.19
	198.4
	0.61
	215.2
	0.60

	338.6
	0.37
	39.8
	0.13
	193.7
	0.56
	211.5
	0.59

	298.4
	0.73
	4.7
	0.15
	188.9
	0.49
	207.9
	0.57

	
	
	329.7
	0.38
	184.1
	0.41
	204.2
	0.55

	
	
	294.6
	0.74
	156.1
	0.42
	200.6
	0.52

	
	
	
	
	132.3
	0.19
	196.9
	0.48

	
	
	
	
	108.4
	0.64
	193.3
	0.42

	
	
	
	
	84.6
	0.47
	189.6
	0.35

	
	
	
	
	60.7
	0.44
	185.9
	0.26

	
	
	
	
	36.9
	0.28
	182.3
	0.18

	
	
	
	
	13.0
	0.16
	161.7
	0.59

	
	
	
	
	349.1
	0.16
	143.5
	0.26

	
	
	
	
	325.3
	0.41
	125.2
	0.79

	
	
	
	
	301.4
	0.40
	106.9
	0.43

	
	
	
	
	277.6
	0.95
	88.6
	0.68

	
	
	
	
	
	
	70.4
	0.63

	
	
	
	
	
	
	52.1
	0.75

	
	
	
	
	
	
	33.8
	0.87

	
	
	
	
	
	
	15.5
	0.67

	
	
	
	
	
	
	357.3
	0.09

	
	
	
	
	
	
	339.0
	0.25

	
	
	
	
	
	
	320.7
	0.32

	
	
	
	
	
	
	302.4
	0.42

	
	
	
	
	
	
	284.2
	0.73



Time Domain Alternative Method:
Time domain techniques can also be used to validate the spatial correlation. The spatial correlation validation measurement setup is illustrated in Figure C.3.4-3. In this case a Signal generator transmits a CW signal through the MIMO test system. The signal is received by a test antenna within the test area. Finally, the signal is collected by a signal analyser and the measured signal is stored for postprocessing.
[image: Diagram

Description automatically generated]
Figure C.3.4-6: Configuration for spatial correlation validation based on time domain techniques

For each spatial point, the channel emulator should issue a trigger signal each time fading is started. For each point collect a time domain trace with the signal analyser, when done, stop fading. Data recording is synchronized with the channel emulator trigger.
Follow the same procedure to postprocess the data and calculate the spatial correlation by setting m to 1. The settings for the Signal Generator and Signal Analyser are in Tables C.3.4-6 and C.3.4-7 respectively.
Table C.3.4-6: Signal Generator Settings
	Item
	Unit
	Value

	Centre frequency
	MHz
	Downlink centre frequency in Table C.3.1-1

	Output power
	dBm
	Function of the CE. Sufficiently above Noise Floor



Table C.3.4-7: Signal Analyser Settings
	Item
	Unit
	Value

	Centre frequency
	MHz
	Downlink centre frequency in Table C.3.1-1

	Sampling
	Hz
	At least 15 times bigger than the max Doppler spread (fd=v/λ)

	Observation time
	s
	At least 16 s. Channel Model length should be the same or greater than the observation time



Beam-Simultaneous Block Diagram
It is assumed that the beams are mapped to the inputs of the channel emulator as follows:
-	Beam 1: Input 1 and Input 2.
-	Beam 2: Input 3 and Input 4 (CDL-C UMa only).
[image: Shape

Description automatically generated with medium confidence]
Figure C.3.4-7: Configuration for spatial correlation validation based on
time domain techniques (CDL-C UMi)

[image: Shape

Description automatically generated with medium confidence]
Figure C.3.4-8: Configuration for spatial correlation validation based on
time domain techniques (CDL-C UMa)

<<< END OF CHANGES >>>
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