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1. Introduction
This text proposal to TR37.977 [1] add results from the channel model verification performed for the reverberation chamber and reverberation chamber and channel emulator methodologies for the isotropic channel models based on NIST, UMi and UMa. These results have previously been presented as discussion papers in [2], [3] and [4].
2. References
[1] 3GPP TR37.977, “Verification of radiated multi-antenna reception performance of User Equipment (UE)”, V0.7.0, August 2013.

[2] R4-133933, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing Round 2 – Bluetest Lab Report”, Bluetest, August 2013

[3] R4-133189, “EMITE results on LTE MIMO OTA 2013 Round Robin tests “, EMITE, CTTC, August 2013
[4] R4-133217, “Results from Azimuth Systems Inter-lab/Inter-technique OTA Performance Testing“, Azimuth Systems, August 2013
********************** Start of text  proposal for TR 37.977 ****************************

8.4
Channel Model Validation Results
8.4.1 
Scope

Sections 8.4.2-6 contain the validation results of channel models defined in Section 8.2 for companies using methods as described in Sections 6.3.1.1 and 6.3.1.2.  These results are based on two different types of channel emulators and setup vendors, and both sets of results are included here for comparison.
Sections 8.4.7-8.4.12 contain the validation results of channel models in Annex C.2 for companies using methods as described in Sections 6.3.2. These results are based on two different types of equipment vendors and both sets of results are included here for comparison.
8.4.2.
Power Delay Profile

The power delay profiles of the channel models specified in Section 8.2 have been measured according to the procedures in 8.3.2.1.  Figure 8.4.1-1 below illustrates the measured results for Band 13 for both channel emulators.

(a)[image: image1.png]Normalized Power unit dB

06- T T
40 1
20 4
el i 1
L
40 H 1
01 measurement 40MHz hl
© Simulation
© Target
&0 i i i i i i
500 1000 1500 2000 2500 3000 3800 4000 4500

SCME uma PDP vertical polarization

Delay unit ns

5000



(b)[image: image2.png]Normalized Power unit dB

SCME Umi PDP vettical polarization

measurement ATMHzZ I
35
© Simulation Ty
© Target
40 i i

i i H i
00 200 a0 400 600 6DD 700 B0 @00 1000
Delay unit ns




(c) [image: image3.png]SCME UMa 751MHz

0 Measured
+ Theory
2l
-3
.
<

12

14
0




 (d) [image: image4.png]SCME UM 751MHz

2
c





Figure 8.4.2-1: For Band 13, SCMe UMa (a) and SCMe UMi (b) PDP verification measurement for channel emulator A; SCMe UMa (c) and SCMe UMi (d) PDP verification measurement for channel emulator B
Table 8.4.2-1 below summarizes the PDP verification results

Table 8.4.2-1: Summary of PDP verification results at Band 13 for both channel emulator vendors

	SCMe UMa
	Channel Emulator A
	Channel Emulator B

	Cluster
	Simulated Power (dB)
	Measured Power (dB)
	Delta
	Simulated Power (dB)
	Measured Power (dB)
	Delta

	1
	0
	0
	0
	 0
	 0
	0 

	2
	-1.6
	-2.2
	-0.6
	 -1.7
	 -1.6
	+0.1 

	3
	-2.5
	-2.7
	-0.2
	 -2.2
	 -2.25
	 -0.05

	4
	-5.2
	-5.9
	-0.7
	 -5.2
	 -5.35
	 -0.15

	5
	-9.5
	-10.1
	-0.6
	 -9.1
	 -9.25
	 -0.15

	6
	-11.5
	-11.6
	-0.1
	 -12.5
	 -12.6
	 -0.1

	SCMe UMi
	Channel Emulator A
	Channel Emulator B

	Cluster
	Simulated Power (dB)
	Measured Power (dB)
	Delta
	Simulated Power (dB)
	Measured Power (dB)
	Delta

	1
	0
	0
	0
	 0
	 0
	0 

	2
	-2.2
	-2.2
	0
	 -2.7
	 -2.75
	 -0.05

	3
	-0.4
	-0.7
	-0.3
	 -1.3
	 -1.35
	 -0.05

	4
	-3.7
	-3.8
	-0.1
	 -4.3
	 -4.35
	 -0.05

	5
	-5.4
	-5.5
	0.1
	 -6.0
	 -5.95
	+0.05 

	6
	-8.4
	-8.4
	0
	 -8.4
	 -8.45
	-0.05 


8.4.3.
Doppler / Temporal Correlation

The Doppler spread and temporal correlation of the channel models defined in Section 8.2 have been characterized according to Section 8.3.2.2.  Figure 8.4.3-1 below illustrates the measured results for Band 13.
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Figure 8.4.3-1: Temporal correlation measurements of SCMe UMa (a) and SCMe UMi (b) emulated by channel emulator A; SCMe UMa (c) and SCMe UMi (d) with channel emulator B, both for Band 13

8.4.4.
Spatial Correlation

The spatial correlation properties of the channel models defined in Section 8.2 have been characterized according to Section 8.3.2.3.  Figure 8.4.4-1 below illustrates the measured results for Band 13. 
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Figure 8.4.4-1: Spatial correlation measurements of SCMe UMa (a) and SCMe UMi (b) emulated by channel emulator A; SCMe UMa (c) and SCMe UMi (d) with channel emulator B, both for Band 13

8.4.5.
Cross Polarization

The cross polarization properties of the channel models defined in Section 8.2 have been characterized according to Section 8.3.2.3.  The measured results shown in Table 8.4.5-1 below are reported considering the antenna gain difference of the reference antennas.

Table 8.4.5-1: Summary of cross polarization verification results for Band 13

	
	Channel emulator A
	Channel emulator B

	
	SCMe UMi
	SCMe UMa
	SCMe UMi
	SCMe UMa

	Target
	0.83 dB
	8.13 dB
	To be added(1)
	To be added(1)

	Measurement considering antenna gain difference
	2.0 dB
	9.0 dB
	To be added(1)
	To be added(1)

	Deviation
	1.2dB
	0.9dB
	To be added(1)
	To be added(1)


Note 1: XPR values for channel emulator B will be added at a later stage.
8.4.6.
Summary

The summary of the channel model validation activity is provided in Table 8.4.6-1 below.
Table 8.4.6-1: Summary of channel model validation results

	Item
	Parameter
	Result
	Tolerances
	Comments

	1
	Power delay profile
	See 8.4.2
	FFS1
	

	2
	Doppler / Temporal Correlation
	See 8.4.3
	FFS1
	

	3
	Spatial Correlation
	See 8.4.4
	FFS1
	

	4
	Cross Polarization
	See 8.4.5
	FFS1
	


Note 1: Further investigation of channel model validation metrics and their corresponding tolerances is on-going within the framework of measurement uncertainty budget development

8.4.7.

Power Delay Profile 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 8.4.7-1 below illustrates the measured results for Band 13 for the isotropic channel model based on NIST for two different reverberation chambers. Figure 8.4.7-2 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 8.4.7-1: 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 8.4.7-2: 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 8.4.7-1 and Table 8.4.7-2 below summarizes the PDP verification results.

Table 8.4.7-1: 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
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Table 8.4.7-2: 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


8.4.8.

Doppler for 3D Isotropic Models
The Doppler spectrum of the channel models defined in Annex C.2 have been characterized according to Annex C.3. Figure 8.4.8-1 below illustrates the measured results for Band 13 for the isotropic channel model based on NIST and Figure 8.4.8-2 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 8.4.8-1: 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 8.4.8-2: 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)
8.4.9.

Base Station Antenna Correlation for 3D Isotropic Models
The base station antenna correlation of the models defined in Annex C.2 has been characterized according to Annex C.3. Figure 8.4.9-1 shows the measured results for the isotropic channel model based on NIST and Figure 8.4.9-2 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 8.4.9-1: 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)

	[image: image25.jpg]—oTaumi
——condUMi

g aaad-3adaf
o110 Yoyduon Jo spmudiny
K
s

Uopelaa40) X3]duwios 10 pnyduy

747 748 743 750 751 752 753 754 755 756

745

747 748 743 750 751 752 753 754 755 7%
Frequency [MHz]

745

Frequency [MHz]





	(a)                                                                                           (b)

	[image: image26.jpg]Correlation

05

04

03

02

01

L
742

.
744

L
746

L
748

. .
750 752
Frequency (MHz)

L
754

L
756

L
758

L
760





(c)


Figure 8.4.9-2: For Band 13, base station antenna correlation for the short delay spread low correlation (a) and long delay spread high 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)
8.4.10.
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 8.4.10-1 shows the measured results for the short delay spread low correlation and long delay spread high correlation isotropic channel models for band 13.
	[image: image27.jpg]Cumulative probability

Theoretical Rayleigh

Double Rayleigh (Measured)

RC
RC+CE

Relative rec. power [dB]

2 0 2 4 6





(a)
	Max diff to theoretical +10 to -20 dB: < 1.5 dB
Max diff to theoretical -20 to -30 dB: < 1.5 dB
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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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Figure 8.4.10-1: 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)
8.4.11.
Isotropy for 3D Isotropic Models
The isotropy of the models defined in Annex C.2 has been characterized according to Annex C.3. Figure 8.4.11-1 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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(d)
Figure 8.4.11-1: 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)
8.4.12.
Summary for 3D Isotropic Models

The summary of the channel model validation activity is provided in Table 8.4.12-1 below.

Table 8.4.12-1: Summary of channel model validation results
	Item
	Parameter
	Result
	Tolerances1
	Comments

	1
	Power delay profile
	See 8.4.7
	FFS1
	

	2
	Doppler
	See 8.4.8
	FFS1
	

	3.
	BS Antenna Correlation
	See 8.4.9
	FFS1
	

	4.
	Rayleigh Fading
	See 8.4.10
	FFS1
	

	5.
	Isotropy
	See 8.4.11
	FFS1
	


Note 1: Further investigation of channel model validation metrics and their corresponding tolerances is on-going within the framework of measurement uncertainty budget development

********************** End of text  proposal ****************************
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