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1. Introduction

This paper provides SCME channel model validation measurement results based on the R&S®SMW200A vector signal generator with built-in channel emulator. Correlation-based and geometry-based channel model measurements for Band 7 and Band 13 are presented in this contribution.

2. SCME validation measurement results
2.1. Methodology

3GPP TR 37.977 [1] specifies two generic channel models to be validated:

· SCME urban micro-cell channel model according to [1] table 8.2-1
· SCME urban macro-cell channel model according to [1] table 8.2-2
The statistics to retrieve in order to achieve the channel model validation are the following:

· Power delay profile (PDP)
· Doppler spectrum / temporal correlation

· Spatial correlation

· Cross-polarization
In [2], a new validation setup using commercial measurement instruments, in particular the spectrum analyzer (SA) setup, is described in detail for the two-stage method. Figure 1 depicts the setup for the radiated validation measurements presented in this contribution. Table 1 provides a list of all instruments used for the SCME validation measurements.
The dual channel R&S®SMW200A vector signal generator with integrated baseband channel emulator provides all required test signals (incl. CW to validate e.g. Doppler spectrum or Zadoff-Chu sequences to validate the PDP) as well as the SCME channel emulations of interest in one single instrument. The R&S®FSW signal and spectrum analyzer provides all required means for the validation measurements of the channel models. Both instruments are synchronized by a trigger line and by sharing the same reference frequency.
This contribution is an update to [3] with additional validation results for Band 7 as well as the spatial correlation results.

Table 1: Validation measurements instrument list
	Vector signal generator and channel emulator

	Model
	R&S®SMW200A

	Signal and spectrum analyser

	Model
	R&S®FSW67

	Firmware
	2.70

	PDP channel sounding software

	Model
	R&S®TS-5GCS

	Firmware
	1.0

	Antennas (both placed in the far field of each other)

	Transmit antenna
	R&S®DST-B215 (dual-polarized)

	Receive / Measurement antenna
	R&S®DST-B215 (dual-polarized)
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Figure 1: Radiated validation setup using R&S instruments
2.2. Power delay profile (PDP) validation measurement results
The PDP measurement parameters are provided in Table 2.
Table 2: PDP measurement parameters
	Instrument
	R&S®FSW

	Centre Frequency fc
	751 MHz (Band 13) / 2655 MHz (Band 7)

	Sounding signal Bandwidth
	100 MHz

	Sounding signal
	Zadoff-Chu Sequence

	Time resolution
	10 ns

	Sequence length
	1023 Samples

	Averaging
	40000

	Instrument
	R&S®SMW200A

	Centre frequency fc
	751 MHz (Band 13) / 2655 MHz (Band 7)

	RF Output level
	-15 dBm

	Mobile speed
	30 km/h

	Channel models
	Correlation-Based: SCME (UMa, UMi)
Geometry-Based: SCME (UMa, UMi)


The PDPs of the correlation-based channel models are provided in Figure 2a for Band 13 and Figure 3a for Band 7. The corresponding PDPs of the geometric channel models are provided in Figure 2b for Band 13 and in Figure 3b for Band 7. Numerical PDP validation measurement results, theoretical values and resulting deviations are summarized in Tables 3 and 4 for Band 13 and in Tables 5 and 6 for Band 7.
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Figure 2: Radiated PDP measurement results for Band 13
a) correlation-based and b) geometry-based SCME. On the left, the UMa channel model results are shown, while the UMi results are shown on the right.
Table 3: Numerical PDP validation results for correlation-based SCME (Band 13)
	Channel Model: correlation-based 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
	255
	0
	-1.7
	-1.8
	-0.1

	3
	360
	360
	0
	-2.2
	-2.2
	0

	4
	1040
	1040
	0
	-5.2
	-4.9
	0.3

	5
	2730
	2730
	0
	-9.1
	-9.1
	0

	6
	4600
	4600
	0
	-12.5
	-12.4
	0.1

	Channel Model: correlation-based 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
	205
	0
	-2.7
	-2.7
	0

	3
	285
	285
	0
	-1.3
	-1.4
	-0.1

	4
	660
	660
	0
	-4.3
	-4.2
	0.1

	5
	805
	805
	0
	-6
	-6.1
	-0.1

	6
	925
	925
	0
	-8.4
	-8.7
	-0.3


Table 4: Numerical PDP validation results for geometry-based SCME (Band 13)
	Channel Model: geometry-based 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
	255
	0
	-1.7
	-1.7
	0

	3
	360
	360
	0
	-2.2
	-2.2
	0

	4
	1040
	1040
	0
	-5.2
	-5.2
	0

	5
	2730
	2730
	0
	-9.1
	-9.3
	-0.2

	6
	4600
	4600
	0
	-12.5
	-12.5
	0

	Channel Model: geometry-based 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
	205
	0
	-2.7
	-2.8
	-0.1

	3
	285
	285
	0
	-1.3
	-1
	0.3

	4
	660
	660
	0
	-4.3
	-4.3
	0

	5
	805
	805
	0
	-6
	-6
	0

	6
	925
	925
	0
	-8.4
	-8.4
	0
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(b)

Figure 3: Radiated PDP measurement results for Band 7
a) correlation-based and b) geometry-based SCME. On the left, the UMa channel model results are shown, while the UMi results are shown on the right.
Table 5: Numerical PDP validation results for correlation-based SCME (Band 7)
	Channel Model: correlation-based 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
	255
	0
	-1.7
	-1.8
	-0.1

	3
	360
	360
	0
	-2.2
	-2.1
	0.1

	4
	1040
	1040
	0
	-5.2
	-5.2
	0

	5
	2730
	2730
	0
	-9.1
	-9.2
	-0.1

	6
	4600
	4600
	0
	-12.5
	-12.6
	-0.1

	Channel Model: correlation-based 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
	205
	0
	-2.7
	-2.8
	-0.1

	3
	285
	285
	0
	-1.3
	-1.3
	0

	4
	660
	660
	0
	-4.3
	-4.3
	0

	5
	805
	805
	0
	-6
	-6.1
	-0.1

	6
	925
	925
	0
	-8.4
	-8.3
	0.1


Table 6: Numerical PDP validation results for geometry-based SCME (Band 7)
	Channel Model: geometry-based 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
	255
	0
	-1.7
	-1.7
	0

	3
	360
	360
	0
	-2.2
	-2.2
	0

	4
	1040
	1040
	0
	-5.2
	-5.2
	0

	5
	2730
	2730
	0
	-9.1
	-9.1
	0

	6
	4600
	4600
	0
	-12.5
	-12.5
	0

	Channel Model: geometry-based 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
	205
	0
	-2.7
	-2.7
	0

	3
	285
	285
	0
	-1.3
	-1.3
	0

	4
	660
	660
	0
	-4.3
	-4.3
	0

	5
	805
	805
	0
	-6
	-6
	0

	6
	925
	925
	0
	-8.4
	-8.4
	0


2.3. Doppler/Temporal correlation validation measurement results
The Doppler/temporal correlation measurement parameters are provided in Table 7.
Table 7: Doppler/Temporal correlation measurement parameters
	Instrument
	R&S®FSW Signal and spectrum analyzer

	Centre Frequency fc
	751 MHz (Band 13) / 2655 MHz (Band 7)

	Span
	400 Hz / 2000 Hz

	RBW
	1 Hz

	VBW
	1 Hz

	Number of points
	8001

	Trace mode
	Average

	Sweep count
	100 traces

	Detector mode
	Average

	Instrument
	R&S®SMW200A Vector signal generator

	Centre frequency fc
	751 MHz (Band 13) / 2655 MHz (Band 7)

	Mobile speed
	100 km/h

	Maximum Doppler frequency fd
	70 Hz / 246 Hz

	Channel models
	Correlation-Based: SCME (UMa, UMi)
Geometry-Based: SCME (UMa, UMi)


Figures 4 for Band 13 and 5 for Band 7 show the inverse Fourier-transformed averaged Doppler spectra. For the correlation-based channel models, the results are very close to the expected J0 Bessel function magnitude and fall within the proposed 3GPP limits for the correlation-based imlementation. For the geometry-based channel models, the results are very close to the analytically calculated correlation functions and fall within the proposed CTIA and 3GPP limits, respectively.
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(b)
Figure 4: Temporal correlation results for Band 13
a) correlation-based and b) geometry-based SCME. On the left, the UMa channel model results are shown, while the UMi results are shown on the right.
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(b)

Figure 5: Temporal correlation results for Band 7
a) correlation-based and b) geometry-based SCME. On the left, the UMa channel model results are shown, while the UMi results are shown on the right.
2.4. Spatial Correlation validation measurement results
Spatial correlation is verified using the setup in Figure 1 and as outlined in [2]; Table 8 highlights the spatial correlation measurement parameters.
Table 8: Spatial-correlation measurement parameters
	Instrument
	R&S®FSW

	Centre Frequency fc
	751 MHz (Band 13) / 2655 MHz (Band 7)

	Sampling rate
	10 KHz

	Instrument
	R&S®SMW200A

	Centre frequency fc
	751 MHz (Band 13) / 2655 MHz (Band 7)

	RF Output level
	-15 dBm

	Sounding signal
	Zadoff-Chu Sequence

	Sequence length
	1023

	Bandwidth
	160 MHz

	Mobile speed
	30 km/h

	Channel models
	Correlation-Based: SCME (UMa, UMi)
Geometry-Based: SCME (UMa, UMi)


The test results of Band 13 for the correlation-based models are shown in Figure 6a and for the geometry-based models in Figure 6b. The test results of Band 7 for the correlation-based models are shown in Figure 7a and for the geometry-based models in Figure 7b.
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(b)
Figure 6: Spatial correlation results for Band 13
a) correlation-based and b) geometry-based SCME. On the left, the UMa channel model results are shown, while the UMi results are shown on the right.
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(b)

Figure 7: Spatial correlation results for Band 7
a) correlation-based and b) geometry-based SCME. On the left, the UMa channel model results are shown, while the UMi results are shown on the right.
2.5. Cross-polarization validation measurement results
The cross-polarization is verified using the setup in Figure 1 and as outlined in [2]. The results, the theoretical values and the deviations are summarized in Table 9 for Band 13 and Band 7.
Table 9: Summary of cross polarization verification results 
	Channel model
	Band 
	Channel Model Implementation
	V/H ratio
	Theory
	Deviation

	UMa
	13
	correlation-based
	8.44
	8.13
	0.31

	UMi
	13
	
	0.68
	0.74
	-0.06

	UMa
	7
	
	8.34
	8.13
	0.21

	UMi
	7
	
	0.80
	0.74
	0.06

	UMa
	13
	geometry-based
	7.78
	8.13
	-0.35

	UMi
	13
	
	0.89
	0.74
	0.15

	UMa
	7
	
	7.75
	8.13
	-0.38

	UMi
	7
	
	0.85
	0.74
	0.11


3. Conclusion
The SCME channel model validation for the radiated two-stage method has been presented based on the R&S channel emulator R&S®SMW200A. The PDP, temporal correlation, spatial correlation, and cross-polarization results all achieve very good agreement compared to the theory and are all within the applicable limits.
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