3GPP TSG RAN WG4 #68bis           
　  


             
   





R4-135735
7 - 11 September 2013, Riga, Latvia
Source:
Agilent Technologies
Title:
TP to 37.977 to include channel validation results for the radiated two-stage method
Agenda Item:
8.3
Document for:
Approval
1 Introduction
The attached TP to TR 37.977 v0.7.0 includes the channel validation results for the two-stage method, using geometry-based implementation and correlation based implementation. The reference data comes from R4-135250.
Also, corrections for the titles of previous graphs related to the geometric implementation and removal of “MC” terminology as previously requested are provided.
The autocorrelation theoretical data for the correlation implementation of SCME with Jakes Doppler spectrum is also provided in the validation measurements section.

<Start of changed text>
8.3.2.2
Doppler/Temporal correlation
This measurement checks the Doppler/temporal correlation.

Method of measurement: 

Sine wave (CW, carrier wave) signal is transmitted from the signal generator. The signal is connected from the signal generator to fading emulator via cables. The fading emulator output signals are connected to power amplifier boxes via cables. The amplified signals are then transferred via cables to the probe antennas. The probe antennas radiate the signals over the air to the test antenna The Doppler spectrum is measured by the spectrum analyzer and the trace is saved.

Signal generator settings:
Table 8.3.2.2-1: Signal generator settings for Doppler/Temporal correlation
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency

 in 3GPP TS 36.508 [xy]

as required per band

	Output level
	dBm
	-15

	Modulation
	
	OFF


Spectrum analyzer settings:

Table 8.3.2.2-2: Spectrum analyzer settings for Doppler/Temporal correlation
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency

 in 3GPP TS 36.508 [xy]

as required per band

	Span
	Hz
	4000

	RBW
	Hz
	1

	VBW
	Hz
	1 or use FFT

	Number of points
	
	8001

	Averaging
	
	100


Channel model specification:
Table 8.3.2.2-3: Channel model specification for Doppler/Temporal correlation
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink center frequency

 in 3GPP TS 36.508 [xy]

as required per band

	Channel model
	
	As specified in Clause 8.2

	Mobile speed
	km/h
	100 


Method of measurement result analysis: Measurement data file (Doppler power spectrum) is saved into hard drive. The data is read into, e.g., Matlab. The analysis is performed by taking the Fourier transformation of the Doppler spectrum. The resulting temporal correlation function 
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. Then the function values left from the maximum is cut out. Further on the function values after, e.g., seven periods is cut out. The reference temporal correlation plots from Table 8.2-1 and 8.2-2 are shown in Figure 8.3.2.2-1 and Figure 8.3.2.2-2.

OTA antenna configuration: 

For e.g. 1 full ring (or single cluster configuration) of V polarized elements. 
Measurement antenna: 

For e.g. vertically oriented dipole.
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Figure 8.3.2.2-1: Reference Temporal Correlation Functions for SCME Urban Macro (left)
 and SCME Urban Micro (right) plotted from Table 8.2-1 and Table 8.2-2
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Figure 8.3.2.2-2: Reference Temporal Correlation Function for correlation implementation of SCME UMa and UMi with Jakes Doppler spectrum plotted from Table 8.2-1 and Table 8.2-2
<End of changed text>
<Start of changed text>
8.4
Channel Model validation results
8.4.1 
Scope
Clauses 8.4.2-6 contain the validation results of channel models defined in Clause 8.2 for companies using methods as described in Clauses 6.3.1.1 , 6.3.1.2 and 6.3.1.3.  These results are based on three different types of channel emulators and setup vendors, and all three sets of results are included here for comparison.

8.4.2.
Power Delay Profile

The power delay profiles of the channel models specified in Clause 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.
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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 


The results for the conducted two-stage method are shown in Figure 8.4.2-2:
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Figure 8.4.2-2: For Band 13, SCMe UMa and UMi PDP verification measurement for the conducted two-stage method
The summarized results can be found in Table 8.4.2-2:

Table 8.4.2-2: Summary of PDP verification results at Band 13 for the conducted two-stage method
	SCME Urban Macro

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured
	Delta (ns)
	Theory
	Measured
	Delta (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	255
	256
	1
	-1.7
	-2
	-0.3

	3
	360
	360
	0
	-2.2
	-2.2
	0

	4
	1040
	1040
	0
	-5.2
	-5.2
	0

	5
	2730
	2728
	-2
	-9.1
	-9.4
	-0.3

	6
	4600
	4600
	0
	-12.5
	-12.5
	0

	SCME Urban Micro

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured
	Delta (ns)
	Theory
	Measured
	Delta (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	205
	208
	3
	-2.7
	-2.6
	0.1

	3
	285
	288
	3
	-1.3
	-1.2
	0.1

	4
	660
	664
	4
	-4.3
	-4.5
	-0.2

	5
	805
	808
	3
	-6
	-6.1
	-0.1

	6
	925
	928
	3
	-8.4
	-8.3
	0.1


Table 8.4.2-3: Summary of PDP verification results at Band 13 for the radiated two-stage method using correlation implementation of SCME with Jake’s Doppler spectrum
	SCME Urban Macro

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured
	Delta (ns)
	Theory
	Measured
	Delta (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	255
	256
	1
	-1.7
	-1.6
	0.1

	3
	360
	360
	0
	-2.2
	-2.1
	0.1

	4
	1040
	1040
	0
	-5.2
	-5.2
	0

	5
	2730
	2728
	-2
	-9.1
	-9.7
	-0.6

	6
	4600
	4600
	0
	-12.5
	-12.3
	0.2

	SCME Urban Micro

	Cluster
	Delay (ns)
	Power (dB)

	
	Theory
	Measured
	Delta (ns)
	Theory
	Measured
	Delta (dB)

	1
	0
	0
	0
	0
	0
	0

	2
	205
	208
	3
	-2.7
	-2.9
	0.2

	3
	285
	288
	3
	-1.3
	-1.4
	-0.1

	4
	660
	664
	4
	-4.3
	-4.9
	-0.6

	5
	805
	808
	3
	-6
	-6
	0

	6
	925
	928
	3
	-8.4
	-8.3
	0.1


8.4.3.
Doppler / Temporal Correlation

The Doppler spread and temporal correlation of the channel models defined in Clause 8.2 have been characterized according to Clause 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
The temporal correlation results for the conducted two-stage method are shown in Figure 8.4.3-2:
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Figure 8.4.3-2: Band 13 temporal correlation measurements of SCMe UMa and UMi for the conducted two-stage method
The temporal correlation for the conducted two-stage method using the correlation implementation of SCME with Jake’s Doppler spectrum results are shown in Figure 8.4.3-3:
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Figure 8.4.3-3: Band 13 Temporal correlation measurements for the conducted two-stage method using correlation implementation of SCME with Jake’s Doppler spectrum 
The temporal correlation results for the radiated two-stage method are shown in Figure 8.4.3-4:
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Figure 8.4.3-4: Band 13 temporal correlation measurements of SCMe UMa and UMi for the radiated two-stage method
The temporal correlation results for the radiated two-stage method using correlation implementation of SCME with Jake’s Doppler spectrum are shown in Figure 8.4.3-5:
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Figure 8.4.3-5: Band 13 Temporal correlation measurements for the radiated two-stage method using correlation implementation of SCME UMa and UMi with Jake’s Doppler spectrum
8.4.4.
Spatial correlation

The spatial correlation properties of the channel models defined in Clause 8.2 have been characterized according to Clause 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
The spatial correlation results for the conducted two-stage method are shown in Figure 8.4.4-2:
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Figure 8.4.4-2: Band 13 spatial correlation measurements of SCMe UMa and UMi for the conducted two-stage method 
The spatial correlation results for the conducted two-stage method using the correlation implementation of SCME with Jake’s Doppler spectrum are shown in Figure 8.4.4-3.
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Figure 8.4.4-3: Band 13 spatial correlation measurements for the conducted two-stage method using correlation implementation of SCME UMa and UMi with Jake’s Doppler spectrum 
The spatial correlation results for the radiated two-stage method using correlation implementation of SCME with Jake’s Doppler spectrum are shown in Figure 8.4.4-4.
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Figure 8.4.4-4: Band 13 spatial correlation measurements for the radiated two-stage method using correlation implementation of SCME UMa and UMi with Jake’s Doppler spectrum
8.4.5.
Cross polarization

The cross polarization properties of the channel models defined in Clause 8.2 have been characterized according to Clause 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 added1
	To be added1

	Measurement considering antenna gain difference
	2.0 dB
	9.0 dB
	To be added1
	To be added1

	Deviation
	1.2dB
	0.9dB
	To be added1
	To be added1

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


The cross-polarization results for the conducted two-stage method using correlation implementation of SCME with Jake’s Doppler spectrum are shown in Table 8.4.5.2:

Table 8.4.5-2: Summary of cross polarization verification results for Band 13

	Channel model
	V power (dBm)
	H power (dBm)
	V/H ratio
	Theory
	Deviation

	UMa
	-30.66
	-38.98
	8.32
	8.13
	0.19

	UMi
	-32.88
	-33.82
	0.94
	0.83
	0.11


The cross-polarization results for the radiated two-stage method using correlation implementation of SCME with Jake’s Doppler spectrum are shown in Table 8.4.5.3:

Table 8.4.5-3: Summary of cross polarization verification results for Band 13

	Channel model
	V/H ratio
	Theory
	Deviation

	UMa
	7.9
	8.13
	-0.23

	UMi
	0.9
	0.83
	0.07


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


8.5
Channel Model emulation of the Base Station antenna pattern configuration
<Editor: To include the agreed X-polarized method. Any additional approach would need to be clearly specified.>

The emulated base station antennas shall be assumed to be dual polarized equal power elements with a fixed 0λ separation, 45 degrees slanted.

The slant 45 degree antenna is an “X" configuration and is modelled as an ideal dipole with isotropic gain and subject to a foreshortening of the slanted radiating element, which is observed to vary as a function of the path angle of departure.  This foreshortening with AoD is a typical slanted dipole behaviour and is a source of power variation in the channel model.  The effective antenna pattern for this antenna is illustrated in Figure 8.5-1.
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Figure 8.5-1, X antenna gain assumption (a) Linear gain (b) dB gain

9
Reference antennas and devices testing

The attached TP to TR 37.977 v0.7.0 includes the channel validation results for the two-stage method, using geometry-based implementation and correlation based implementation. The reference data comes from R4-135250.
<End of changed text>
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