Page 1



3GPP TSG-RAN WG4 Meeting #81 
R4-1609340
Reno, USA, 14 - 18 November 2016
	CR-Form-v11.1

	CHANGE REQUEST

	

	
	37.977
	CR
	0043
	rev
	-
	Current version:
	14.1.0
	

	

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

	


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


	

	Title:

	CR to TR37.977: RC+CE Channel Model Validation Results

	
	

	Source to WG:
	Bluetest

	Source to TSG:
	R4

	
	

	Work item code:
	UTRA_LTE_MIMO_OTA-Core
	
	Date:
	2016-11-14

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-14

	
	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-12
(Release 12)
Rel-13
(Release 13)
Rel-14
(Release 14)

	
	

	Reason for change:
	Meet group request to capture channel model validation data for the RC+CE setup used by the harmonization test lab.

	
	

	Summary of change:
	Addition of RC+CE channel model validation data using the 8-port setup and the updated procedures.

	
	

	Consequences if not approved:
	RC+CE channel model validation data for the harmonization test lab setup not captured.

	
	

	Clauses affected:
	C.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:
	


<< Unchanged content omitted >>
C.4
Channel model validation results

Channel models have been specified in clause C.2. 
This clause describes 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 a test area. Measurements are done mainly with a Vector Network Analyzer (VNA) and a spectrum analyzer.

C.4.1
Scope

Clauses C.4.2-C.4.6 contain the validation results of channel models in Annex C.2 for companies using methods as described in Clause 6.3.2. These results are based on two different types of equipment vendors and both sets of results are included here for comparison.

C.4.2
Power Delay Profile (PDP) for 3D isotropic models

The power delay profiles of the channel models in Annex C.2 have been measured according to the procedures in Annex C.3. 
Figure C.4.2-1 below illustrates the measured results for Band 13 for the isotropic channel model based on NIST for two different reverberation chambers. 
Figure C.4.2-2 illustrates the measured results for Band 13 for the short delay spread low correlation and long delay spread high correlation isotropic channel models for two different reverberation chambers and channel emulators.
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Figure C.4.2-1: For Band 13, isotropic channel model based on NIST PDP verification measurement for reverberation chamber A (a);  isotropic channel model based on NIST PDP verification measurement for reverberation chamber B (b)
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Figure C.4.2-2: For Band 13, short delay spread low correlation (a) and long delay spread high correlation (b) isotropic channel models PDP verification measurement for reverberation chamber and channel emulator setup A;  short delay spread low correlation (c) and long delay spread high correlation (d) isotropic channel models PDP verification measurement for reverberation chamber and channel emulator setup C

Table C.4.2-1 and Table C.4.2-2 below summarize the PDP verification results.

Table C.4.2-1: Summary of PDP verification results at Band 13 
for the isotropic channel model based on NIST for both equipment vendors

	Chamber
	RMS Delay Spread

measured [ns]
	RMS Delay Spread

theory [ns]
	Delta

 [ns]

	1
	79.34
	80
	- 0.66

	2
	82.21
	80
	+ 2.21


Table C.4.2-2: Summary of PDP verification results at Band 13 
for the short delay spread low correlation and long delay spread high correlation 
isotropic channel models for both equipment vendors

	Isotropic Long Delay 

Spread High Correlation
	Reverberation Chamber 

and 

Channel Emulator A
	Reverberation Chamber 

and 

Channel Emulator C

	Cluster
	Theoretical 

Power (dB)
	Measured 

Power (dB)
	Delta
	Theoretical 

Power (dB)
	Measured 

Power (dB)
	Delta

	1
	0
	0
	0
	0
	0
	0

	2
	-2.2
	-1.44
	+0.76
	-2.2
	-2.31
	-0.11

	3
	-1.7
	-1.48
	+0.22
	-1.7
	-1.43
	+0,27

	4
	-5.2
	-5.19
	+0.01
	-5.2
	-4.98
	+0.22

	5
	-9.1
	-8.86
	+0.24
	-9.1
	-8.75
	+0.35

	6
	-12.5
	-12.20
	+0.30
	-12.5
	-12.45
	+0.05

	Isotropic Short Delay 

Spread Low Correlation
	Reverberation Chamber 

and 

Channel Emulator A
	Reverberation Chamber 

and 

Channel Emulator C

	Cluster
	Theoretical 

Power (dB)
	Measured 

Power (dB)
	Delta
	Theoretical 

Power (dB)
	Measured 

Power (dB)
	Delta

	1
	0
	0
	0
	0
	0
	0

	2
	-1.3
	-1.11
	+0.19
	-1.3
	-1.26
	+0.04

	3
	-2.7
	-2.57
	+0.13
	-2.7
	-2.79
	-0.09

	4
	 -4.3
	-4.47
	-0.17
	 -4.3
	-4.42
	-0.12

	5
	 -6.0
	-5.79
	+0.21
	 -6.0
	-5.86
	+0.14

	6
	 -8.4
	-8.18
	+0.22
	 -8.4
	-7.88
	+0.52


C.4.2.1
Setup used by harmonization test lab
The measurement procedures and data analysis align with Annex C.3.2.1.

Figure C.4.2.1-1 and Figure C.4.2.1-2 show the results from the PDP validation measurements for the SDLC channel model for 751 MHz and 2655 MHz, respectively. Table C.4.2.1-1 shows a summary of the delta between measured and ideal values.
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Figure C.4.2.1-1. Results from PDP validation measurements for the SDLC channel model and 751 MHz.
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Figure C.4.2.1-2. Results from PDP validation measurements for the SDLC channel model and 2655 MHz.

Table C.4.2.1-1. Summary of deltas between measured and ideal values for the SDLC channel model for 751 MHz and 2655 MHz.
	Cluster
	751 MHz
	2655 MHz

	
	Power delta [dB]
	Delay delta [ns]
	Power delta [dB]
	Delay delta [ns]

	1
	0
	0
	0
	0

	2
	-0.1
	-5
	+0.2
	0

	3
	+0.6
	0
	+0.4
	0

	4
	-0.3
	0
	-0.6
	0

	5
	-0.3
	0
	-0.3
	+5

	6
	-0.1
	-5
	+0.5
	0


C.4.3
Doppler for 3D isotropic models

The Doppler spectrum of the channel models defined in Annex C.2 has been characterized according to Annex C.3. Figure C.4.3-1 illustrates the measured results for Band 13 for the isotropic channel model based on NIST and Figure C.4.3-2 shows the measured results for Band 13 for the short delay spread low correlation and long delay spread high correlation isotropic channel models.
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Figure C.4.3-1: For Band 13, Doppler spectrum for isotropic channel model based on NIST emulated by reverberation chamber A (a); Doppler spectrum for isotropic channel model based on NIST emulated by reverberation chamber B (b)
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Figure C.4.3-2: For Band 13, Doppler spectrum for short delay spread low correlation and long delay spread high correlation isotropic channel models emulated by reverberation chamber and channel emulator setup A (a); Doppler spectrum for short delay spread low correlation and long delay spread high correlation isotropic channel models emulated by reverberation chamber and channel emulator setup C (b)
C.4.3.1
Setup used by harmonization test lab
The measurement procedures and data analysis align with Annex C.3.2.2.

Figure C.4.3.1-1 and Figure C.4.3.1-2 show the results from the Doppler validation measurements for the SDLC channel model for 751 MHz and 2655 MHz, respectively.
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Figure C.4.3.1-1. Results from Doppler validation measurements for the SDLC channel model, 751 MHz. The red vertical lines represent the ideal maximum Doppler shift for 30 km/h (20.88 Hz).
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Figure C.4.3.1-2. Results from Doppler validation measurements for the SDLC channel model, 2655 MHz. The red vertical lines represent the ideal maximum Doppler shift for 30 km/h (73.80 Hz).
C.4.4
Base Station antenna correlation for 3D isotropic models

The Base Station (BS) antenna correlation of the models defined in Annex C.2 has been characterized according to Annex C.3. 
Figure C.4.4-1 shows the measured results for the isotropic channel model based on NIST and Figure C.4.4-2 shows the measured results for the short delay spread low correlation and long delay spread high correlation isotropic channel models for Band 13.
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Figure C.4.4-1: For Band 13, base station antenna correlation for isotropic channel model based on NIST emulated by reverberation chamber A (a); base station antenna correlation for isotropic channel model based on NIST emulated by reverberation chamber B (b)
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	(a)                                                                                           (b)
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Figure C.4.4-2: For Band 13, base station antenna correlation for the long delay spread high correlation (a) and short delay spread low correlation (b) isotropic channel models emulated by reverberation chamber and channel emulator setup A; base station antenna correlation observed in the test volume for different values of base station antenna correlation imposed by the channel emulator for the reverberation chamber and channel emulator setup C (c)
C.4.4.1
Setup used by harmonization test lab

The measurement procedures and data analysis align with Annex C.3.2.3.

Figure C.4.4.1-1 and Figure C.4.4.1-2 show the results from the base station correlation validation measurements for the SDLC channel model for 751 MHz and 2655 MHz, respectively.
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Figure C.4.4.1-1. Results from base station antenna correlation validation measurements for the SDLC channel model and 751 MHz.
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Figure C.4.4.1-2. Results from base station antenna correlation validation measurements for the SDLC channel model and 2655 MHz.
C.4.5
Rayleigh fading for 3D isotropic models

The Rayleigh fading of the models defined in Annex C.2 have been characterized according to Annex C.3. 
Figure C.4.5-1 shows the measured results for the short delay spread low correlation and long delay spread high correlation isotropic channel models for Band 13.
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(a)
	Max diff to theoretical +10 to -20 dB: < 1.5 dB

Max diff to theoretical -20 to -30 dB: < 1.5 dB

for RC: 5.37

for RC+CE: 15.22
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(b)
	Max diff to theoretical +10 to -20 dB: < 1.0 dB

Max diff to theoretical -20 to -30 dB: < 1.0 dB
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(c)
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Figure C.4.5-1: For Band 13, Rayleigh fading for isotropic channel model based on NIST, short delay spread low correlation and long delay spread high correlation isotropic channel models emulated by reverberation chamber and channel emulator setup A (a); Rayleigh fading for isotropic channel model based on NIST emulated by reverberation chamber B (b); Rayleigh fading for short delay spread low correlation and long delay spread high correlation isotropic channel models emulated by reverberation chamber and channel emulator setup C (c)
C.4.5.1
Setup used by harmonization test lab

The measurement procedures and data analysis align with Annex C.3.2.4.

Table C.4.5.1-1 shows the chi-squared values calculated for two different TVVPs (see Annex C.4.6.1) and three orientations for each TVVP for the SDLC channel model at 751 MHz and 2655 MHz. As can be seen from this table, the chi-squared value is within the limit (< 27.69) for all cases.

Table C.4.5.1-1. Chi-squared values for the SDLC channel model for 751 MHz and 2655 MHz.

	Frequency [MHz]
	TVVP 1-1
	TVVP 1-2
	TVVP 1-3
	TVVP 9-1
	TVVP 9-2
	TVVP 9-3

	751
	18,6
	16,2
	19,0
	25,3
	21,9
	24,3

	2655
	22,6
	18,4
	20,9
	18,2
	23,1
	21,1


In addition, the K-factor was calculated for the same positions and orientations as described above. The result is shown in Table C.4.5.1-2 for the SDLC channel model at 751 MHz and 2655 MHz. All values are within the limit (< -10 dB).

Table C.4.5.1-2. K-factor for the SDLC channel model for 751 MHz and 2655 MHz.
	Frequency [MHz]
	TVVP 1-1
	TVVP 1-2
	TVVP 1-3
	TVVP 9-1
	TVVP 9-2
	TVVP 9-3

	751
	-51,8
	-37,1
	-43,6
	-30,5
	-28,5
	-25,0

	2655
	-41,4
	-31,8
	-26,3
	-30,0
	-26,7
	-26,6


C.4.6
Isotropy for 3D isotropic models

The isotropy of the models defined in Annex C.2 has been characterized according to Annex C.3. Figure C.4.6-1 shows the measured results for the isotropic channel model based on NIST, short delay spread low correlation and long delay spread high correlation isotropic channel models for band 13.
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Figure C.4.6-1: For Band 13, isotropy for isotropic channel model based on NIST, short delay spread low correlation and long delay spread high correlation isotropic channel models emulated by reverberation chamber and channel emulator setup A (a); Isotropy for isotropic channel model based on NIST emulated by reverberation chamber B (b); Isotropy for short delay spread low correlation and long delay spread high correlation isotropic channel models emulated by reverberation chamber and channel emulator setup C (c); Reference anisotropy coefficients (d)
C.4.6.1
Setup used by harmonization test lab

The measurement procedures and data analysis align with Annex C.3.2.5.

The RC+CE setup used is a Type 1 RC, with a schematic setup as shown in Figure C.4.6.1-1. The TVVPs map to the physical dimensions as shown in Table C.4.6.1-1. For each TVVP three orthogonal orientations were used, denoted 1.1, 1.2 and 1.3 (and similarly for the other TVVPs).
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Figure C.4.6.1-1. Schematics of the RC+CE setup used for the harmonization testing and the corresponding TVVPs.
Table C.4.6.1-1. Physical dimensions of the TVVPs.

	Test Volume Validation Position
	Height above reference point*

[cm]
	Radius

[cm]

	TVVP1
	0
	0

	TVVP2
	0
	16

	TVVP3
	0
	32

	TVVP4
	30
	0

	TVVP5
	30
	16

	TVVP6
	30
	32

	TVVP7
	60
	0

	TVVP8
	60
	16

	TVVP9
	60
	32


*Reference point at least 0.5λ above the turntable.

The chi-squared values for the 2 and 3 orientation anisotropy coefficients are given in Table C.4.6.1-2 and Table C.4.6.1-3 for 751 MHz and 2655 MHz, respectively. As can be seen, all values fall within the limits (< 21.67 and < 23.21 for 2 and 3 orientation anisotropy coefficients, respectively).

Table C.4.6.1-2. Chi-squared for 2 and 3 orientation anisotropy coefficients for all TVVPs for 751 MHz.

	
	Chi-squared
	
	
	
	
	
	
	

	
	TVVP 1
	TVVP 2
	TVVP 3
	TVVP 4
	TVVP 5
	TVVP 6
	TVVP 7
	TVVP 8
	TVVP 9

	3 orientations
	16,86
	15,36
	13,08
	12,19
	15,81
	12,67
	13,08
	14,97
	14,56

	2 orientations XY
	10,54
	8,81
	7,52
	17,26
	9,74
	12,31
	10,91
	14,65
	14,19

	2 orientations XZ
	9,46
	7,76
	6,78
	10,5
	8
	11
	9,26
	12,02
	11,06

	2 orientations YZ
	7,33
	8,72
	8,44
	15,09
	9,54
	11,37
	16,67
	13,26
	11,87


Table C.4.6.1-3. Chi-squared for 2 and 3 orientation anisotropy coefficients for all TVVPs for 2655 MHz.

	
	Chi-squared
	
	
	
	
	
	
	

	
	TVVP 1
	TVVP 2
	TVVP 3
	TVVP 4
	TVVP 5
	TVVP 6
	TVVP 7
	TVVP 8
	TVVP 9

	3 orientations
	16,58
	14,94
	15,69
	11,61
	16,28
	15,5
	15,64
	12,78
	14,31

	2 orientations XY
	9,2
	9,24
	12,87
	9,33
	9,11
	8,28
	10,33
	6,74
	11,44

	2 orientations XZ
	10,54
	9,78
	9,5
	9,37
	7,76
	10,31
	9,78
	9,46
	8,59

	2 orientations YZ
	8,83
	7,93
	8,2
	8,81
	11,83
	7,61
	7,67
	9,19
	6,76


C.4.7
Summary for 3D Isotropic Models

The summary of the channel model validation activity is provided in Table C.4.7-1 below.

Table C.4.7-1: Summary of channel model validation results

	Item
	Parameter
	Result
	Tolerances1
	Comments

	1
	Power delay profile
	See C.4.2
	FFS1
	

	2
	Doppler
	See C.4.3
	FFS1
	

	3
	BS Antenna Correlation
	See C.4.4
	FFS1
	

	4
	Rayleigh Fading
	See C.4.5
	See C.3.2.4
	

	5
	Isotropy
	See C.4.6
	See C.3.2.5
	

	NOTE:
Further investigation of channel model validation metrics and their corresponding tolerances 
is on-going within the framework of measurement uncertainty budget development


<< End of changes >>
