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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 are presented in this contribution. The cross-polarization measurements could not be completed in time and will be provided in a subsequent 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
[2] and [3] explain suitable validation setups using commercial measurement instruments, in particular the spectrum analyzer (SA) setup for the two-stage method. Figure 1 depicts the setup used for optional conducted validation measurements based on R&S measurement instruments. Figure 2 depicts the setup for the corresponding 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 channel sounding signals to validate the PDP) as well as the SCME channel emulations of interest in one single instrument. Alternatively, the R&S®SMW200A baseband signal generator part can be replaced by the R&S®CMW radio communication tester to emulate a 3GPP (i.e. GSM, UMTS or LTE) base station.
The R&S®FSW signal and spectrum analyzer provides all required means for the validation measurements of the channel models. Measurement details are explained in more details along with the presentation of the validation measurement results later in this document. Both instruments are synchronized by a trigger line and by sharing the same reference frequency.
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Figure 1: Conducted validation setup using R&S instruments
Table 1: Validation measurements instrument list
	Vector signal generator and channel emulator

	Model
	R&S®SMW200A

	Firmware
	4.00.023.08

	Signal and spectrum analyzer

	Model
	R&S®FSW67

	Firmware
	2.50 SP2

	PDP channel sounding software

	Model
	R&S®TS-5GCS

	Firmware
	1.0

	Antennas

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

	Receive / Measurement antenna
	R&S®DST-B215 (dual-polarized)
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Figure 2: Radiated validation setup using R&S instruments
2.2. Power delay profile (PDP) validation measurement results
As explained in [2] and [3], the traditional static VNA setup recommended in [1] is not suitable for real-time channel emulator validation measurements. Alternatively, a time domain channel sounding approach was used to measure the PDP based on the setup depicted in Figure 2. The PDP is validated by means of a channel sounding methodology based on signals with ideal autocorrelation properties, such as Zadoff-Chu sequences as outlined e.g. in [2] and [3]. For the PDP verification, a Zadoff-Chu sequence is generated by the signal generator R&S®SMW200A. After applying the wanted SCME emulation using the R&S®SMW200A built-in baseband multipath fading emulator, the faded RF signal is captured by the R&S®FSW in terms of IQ samples. The captured IQ samples are post-processed using a dedicated PC-based channel sounding software R&S®TS-5GCS, which performs a correlation of the captured signal with the original Zadoff-Chu signal and then calculates the channel impulse response (CIR).
The random variation of the power of distinct SCME clusters is compensated by long term averaging of 40000 channel realizations. Finally, the absolute power results are normalized with respect to the averaged absolute power of the first cluster. The selected sounding signal bandwidth of 100 MHz provides a time resolution of 10 ns. The PDP measurement parameters are provided in Table 2.
Table 2: PDP measurement parameters
	Instrument
	R&S®FSW and R&S®TS-5GCS

	Centre Frequency fc
	751 MHz

	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

	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 3a. The corresponding PDPs of the geometric channel models are provided in Figure 3b. Numerical PDP validation measurement results, theoretical values and resulting deviations are summarized in Tables 3 and 4.
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Figure 3: Radiated PDP measurement results for a) correlation-based
and b) geometry-based SCME
Table 3: Numerical PDP validation results for correlation-based SCME
	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
	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


2.3. Doppler/Temporal correlation validation measurement results
The Doppler spectrum is measured with the setup according to Figure 2. A CW signal is generated in baseband by the R&S®SMW200A and fed into the built-in channel emulator. After applying the selected fading profile, the resulting RF signal is fed into the transmit antenna. It is then captured and analyzed by the R&S®FSW, which is connected to the measurement antenna. As explained in [4], the temporal correlation is retrieved by computing the inverse Fourier transform of the measured Doppler spectrum.
The Doppler spectrum is analyzed by an appropriate sweep in the frequency domain by the SA and depicted in Figure 4a for the correlation-based SCME and in Figure 4b for the geometry-based SCME. The measurement parameters are listed in Table 5.
Table 5: Doppler/Temporal correlation measurement parameters
	Instrument
	R&S®FSW Signal and spectrum analyzer

	Centre Frequency fc
	751 MHz

	Span
	400 Hz

	RBW
	1 Hz

	VBW
	1 Hz

	Number of points
	8001

	Trace mode
	Average

	Sweep count
	100 traces

	Detector mode
	Average

	Sweep time
	4.19 seconds per sweep

	Instrument
	R&S®SMW200A Vector signal generator

	Centre frequency fc
	751 MHz

	Mobile speed
	100 km/h

	Maximum Doppler frequency fd
	70 Hz

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


The depicted spectral shape measurements in Figure 4 only appear after averaging many frequency sweeps. Therefore, the measurement results provided in this contribution represent an average of 100 frequency sweeps. Figure 4a clearly shows the classical 6 dB dynamic of the U-shaped Jake spectrum within the maximum Doppler frequency fd for the correlation-based SCME whereas, the Doppler spectra are asymmetrical for the geometry-based SCME as it can be seen in Figure 4b.
Figure 5 shows the inverse Fourier-transformed averaged Doppler spectra from Figure 4. For the correlation-based channel models, the results are very close to the expected J0 Bessel function and for the geometry-based channel models, results fall within the proposed CTIA and 3GPP limits.
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(b)
Figure 4: Measured averaged Doppler spectrum for the a) correlation-based
and b) the geometry-based SCME
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(b)
Figure 5: Temporal correlation results for a) the correlation-based
and b) the geometry-based SCME
2.4. Spatial Correlation validation measurement results
Spatial correlation is verified using the setup in Figure 2 and as outlined in [5]. The channel emulator is setup to model both the transmit and receive antennas. The transmit antenna patterns are assumed to be dual-polarized equal power elements with a fixed 0λ separation, 45 degrees slanted [1] while the two receiver antennas are configured as dipoles with the same vertical polarization and separated between 0 and 1λ.
Table 6: Spatial-correlation measurement parameters
	Instrument
	R&S®FSW

	Centre Frequency fc
	751 MHz

	Sampling rate
	10 KHz

	Instrument
	R&S®SMW200A

	Centre frequency fc
	751 MHz

	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)


Measurement Process:
1. For each antenna separation, the R&S®SMW200A vector signal generator generates the Zadoff-Chu sequence and applies the corresponding SCME emulation using the built-in baseband multipath fading emulator. The output RF signal is connected to the dual-polarized probe antenna (R&S®DST-B215) and received by the dual-polarized test antenna (R&S®DST-B215).
2. The RF signals received by the test antenna for different simulated antenna separations are captured by the R&S®FSW in terms of IQ samples. The spatial correlation analysis is performed by performing the cross-correlation operation directly on the received IQ samples captured for different antenna separations.
The test results for the correlation-based models are shown in Figure 6a and for the geometry-based models in Figure 6b. As can be seen from the UMi result for the correlation-based and the geometry-based channel model implementation, the 3GPP limits, which were agreed for MPAC with 8 probe antennas, need to be adjusted for the RTS method with antenna spacing exceeding 0.8λ.
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(b)
 Figure 6: Spatial correlation results for a) the correlation-based
and b) the geometry-based SCME UMa and UMi
2.5. Cross-polarization validation measurement results
The cross-polarization validation measurements will be provided in a subsequent contribution.
3. Conclusion
The SCME channel model validation for the radiated two-stage method has been presented based on R&S channel emulator R&S®SMW200A. The PDP, temporal correlation, and spatial correlation results all achieve very good agreement compared to the theory.
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