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Introduction
This contribution provides SCME channel model validation procedures for RTS implementations as requested in [7]. The TR [1] currently lists two setups for MPAC channel model validation measurements. Due to the inherent differences in the channel model emulation between MPAC and RTS, the test setups and validation measurements differ for RTS. Previous contributions outlined RTS procedures [2-6]; this contribution is meant to summarize the setups, settings, and procedures. 
This contribution describes the following needed channel model validation measurements:
· Power delay profile (PDP)
· Doppler spectrum / temporal correlation
· Spatial correlation
· Cross-polarization
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]<Beginning of proposed text for CR (Section 8.3.1.2)>
The RTS channel model validation setup consists of a vector signal generator and a spectrum analyser with signal analysis capabilities or scope as depicted in Figure 8.3.1.2-2 and the provided validation procedures apply for both, correlation-based and geometry-based channel model implementations.

[image: ]
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 8.3.1.2-2: Setup for RTS validation measurements
<End of proposed text for CR>
Validation Procedures
Power Delay Profile (PDP)
This measurement validates that the implemented and measured Power Delay Profile (PDP) is matching the channel model defined in Clause 8.2 [1].
As explained in [2] and [3], the traditional VNA setup recommended in [1] and used for validation of MPAC implementations is not suitable for real-time channel emulator validation measurements where the channel emulation cannot be stopped.
In such cases, a time domain approach can be used to measure the PDPs based on a setup consisting of vector signal generator and spectrum analyser or scope. The PDP is validated based on signals with ideal autocorrelation properties, such as Zadoff-Chu sequences as outlined in [2] and [3]. For the PDP verification, the Zadoff-Chu sequence is generated by the vector signal generator.
After applying the respective SCME channel model, the faded RF signal is captured by the spectrum analyser or scope in terms of IQ samples. Those IQ samples are correlated with the original Zadoff-Chu signal which results in a single PDP measurement.
To guarantee the required minimum distance between two consecutive PDP measurements (i.e. to ensure a significant channel change during the measurement of all PDPs), the PDPs need to be measured with a duty cycle. This means that only every n-th Zadoff-Chu sequence is used for the PDP calculations (n depends on the centre frequency and mobile speed).
Finally, the random variation of the power of the distinct SCME clusters needs to be compensated by averaging of all measured channel realizations.
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]<Beginning of proposed text for CR (Section 8.3.2.1)>
Method of measurement for RTS:
The vector signal generator repeatedly generates the Zadoff-Chu sequence as defined in Table 8.3.2.1-3. After a given time interval, the spectrum analyser or scope is triggered by the vector signal generator at the beginning of the next Zadoff-Chu sequence. The time interval needs to exceed the required minimum distance between two PDPs as defined in Table 8.3.2.1-4 and depends on the centre frequency and the mobile speed.
After receiving the trigger signal, the spectrum analyser or scope starts with the acquisition of the IQ data. The number of recorded IQ samples corresponds to the length of the used Zadoff-Chu sequence. This step is repeated until at least 1000 blocks of IQ samples are recorded.
Vector signal generator settings:
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Table 8.3.2.1-3: PDP measurement parameters for signal generator
	Item
	Unit
	Value

	Centre frequency
	MHz
	Downlink centre frequency in 3GPP TS 36.508 [19]as required per band

	Min. signal bandwidth
	MHz
	100

	RF output level
	dBm
	-15

	Sequence type
	
	Zadoff-Chu or similar waveform with good autocorrelation properties

	Min. sequence length
	Samples
	1023



Signal and spectrum analyser settings:
Table 8.3.2.1-4: PDP measurement parameters for spectrum analyser
	Item
	Unit
	Value

	Centre frequency
	MHz
	Downlink centre frequency in 3GPP TS 36.508 [19] as required per band

	Min. sampling rate
	MHz
	100

	Min. number of PDPs for averaging
	
	1000

	Distance between PDPs in channel model
	Wavelength (Note)
	> 2

	NOTE:	Time [s] = distance [] / MS speed [/s]
	MS speed [/s] = MS speed [m/s] / Speed of light [m/s] * Centre frequency [Hz]



The channel model specifications match those from Table 8.3.2.1-2.
Method of measurement result analysis:
The measured blocks of IQ samples are saved and later analysed by a post processing SW, e.g., Matlab. The analysis is performed by applying the circular cross-correlation between each recorded block of IQ samples and the IQ samples of the original Zadoff-Chu sequence. The resulting impulse responses h(t,tau) are averaged in power over time:


Finally the resulting PDP is shifted in delay and normalized in power, such that the first tap is on delay zero and has a relative power of 0 dB.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Antenna configurations: 		For e.g. a pair of vertically oriented sleeve dipoles or vertically polarized horn antennas.
<End of proposed text for CR>

Doppler/Temporal correlation
In [1], it is defined to use a fixed span for the Doppler measurements. Since the maximum Doppler frequency depends on the centre frequency and simulated mobile speed, there is no reason for a fixed value. Therefore, it is proposed to define a variable span that depends on the expected maximum Doppler offset, e.g., minimum 4 x MaxDoppler instead of 4000 Hz. Additionally, a minimum span of 400 Hz should always be met regardless of the expected maximum Doppler offset.

<Beginning of proposed text for CR (Section 8.3.2.2)>
Table 8.3.2.2-2: Spectrum analyser settings for Doppler/Temporal correlation
	Item
	Unit
	Value

	Centre frequency
	MHz
	Downlink centre frequency
 in 3GPP TS 36.508 [19]
as required per band

	Minimum Span
	Hz
	max(4 x MaxDoppler, 400 Hz)

	RBW
	Hz
	1

	VBW
	Hz
	1 or use FFT

	Number of points
	
	8001

	Averaging
	
	100



<End of proposed text for CR>

Spatial Correlation
Spatial correlation is also verified using the setup in Figure 8.3.1.2-2. For the spatial correlation test, the channel emulator is configured for a MIMO channel model with two transmit and two receive antenna patterns. The transmit antenna are assumed to be dual-polarized equal power elements with a fixed 0λ separation, 45 degrees slanted, Clause 8.5 [1], while the two receiver antennas are configured as vertically polarized dipoles with varying antenna separation. The antenna positions sample a line of length 1λ with a sampling interval of 0.1λ. Since real-time channel emulators cannot be stopped, the measurement is done continuously for a measurement time that corresponds to the minimum requirement of 2000λ as defined in Table 8.3.2.3-2. This approach guarantees a sufficient channel change during the measurement.
<Beginning of proposed text for CR (Section 8.3.2.3)>
For RTS, spatial correlation is verified using the setup in Figure 8.3.1.2-2. The channel emulator is configured for a MIMO channel model with two transmit and two receive antenna patterns. The transmit antennas are assumed to be dual-polarized equal power elements with a fixed 0λ separation, 45 degrees slanted, Clause 8.5, while the two receiver antennas are configured as vertically polarized dipoles with varying antenna separation. The antenna positions sample a line of length 1λ with a sampling interval of 0.1λ.
Vector signal generator settings:
Table 8.3.2.3-3: Signal generator settings for spatial correlation for RTS
	Item
	Unit
	Value

	Centre frequency
	MHz
	Downlink centre frequency in 3GPP TS 36.508 [19] as required per band

	Min. signal bandwidth
	kHz
	10

	RF output level
	dBm
	-15

	Sequence type
	
	Zadoff-Chu or similar waveform with good autocorrelation properties

	Min. sequence length
	Samples
	1023



Signal and spectrum analyser settings:
Table 8.3.2.3-4: Spectrum analyser settings for spatial correlation for RTS
	Item
	Unit
	Value

	Centre frequency
	MHz
	Downlink centre frequency 
in 3GPP TS 36.508 [19]
as required per band

	Min. sampling rate
	kHz
	10

	Min. measurement duration
	Wavelength (Note)
	2000

	NOTE:	Time [s] = distance [] / MS speed [/s]
	MS speed [/s] = MS speed [m/s] / Speed of light [m/s] * Centre frequency [Hz]



The channel model specifications match those from Table 8.3.2.3-2.
Measurement Process:
For each antenna position, the signal generator continuously sends the Zadoff-Chu sequence to the channel emulator which applies the required channel model as specified in Table 8.3.2.3-2. The output RF signal from the channel emulator is connected to the TX antenna and received by the RX antenna which is connected to the RF input of the spectrum analyser or scope, Figure 8.3.1.2-2.
The RF signals received by the RX antenna for different simulated antenna positions/separations are captured by the spectrum analyser or the scope. The spatial correlation analysis is performed by performing the cross-correlation operation directly on the received signals captured for different antenna positions/separations.
<End of proposed text for CR>

Cross Polarization
Cross-polarization for RTS is also verified using the setup in Figure 8.3.1.2-2. The channel emulator is configured for a MIMO channel model with two transmit and two receive antenna patterns. The transmit antenna patterns are assumed to be dual-polarized equal power elements with a fixed 0λ separation, 45 degrees slanted, Clause 8.5 [1]. One simulated receive antenna is configured as an ideal dipole with vertical polarization, and the other one is configured as ideal dipole with horizontal polarization.
This cross polarization measurement verifies the correct power ratio of the different polarizations in the channel model. The measurement can be accomplished by either using a physical transmit and receive antenna with a single polarization while alternately changing the RX antenna polarization configuration in the fading emulator or by using physical dual-polarized antennas with high isolation between the two polarizations of the transmit and receive antennas as described in [5]. Both approaches guarantee that only the cross polarization of the channel model is verified.
<Beginning of proposed text for CR (Section 8.3.2.4)>
For RTS, the cross-polarization is verified using the setup in Figure 8.3.1.2-2. The channel emulator is configured for a MIMO channel model with two transmit and two receive antenna patterns. The transmit antenna patterns are assumed to be dual-polarized equal power elements with a fixed 0λ separation, 45 degrees slanted, Clause 8.5. One simulated receive antenna is configured as an ideal dipole with vertical polarization, and the other one is configured as ideal dipole with horizontal polarization. Both antennas have a fixed 0λ separation.
[bookmark: _GoBack]This cross polarization measurement verifies the correct power ratio of the different polarizations in the channel model. The measurement can be accomplished by either using a physical transmit and receive antenna with a single polarization while alternately changing the RX antenna polarization configuration in the fading emulator or by using physical dual-polarized antennas with high isolation between the two polarizations of the transmit and receive antennas. Both approaches guarantee that only the cross polarization of the channel model is verified.
Channel model specification:
The channel model specifications match those from Table 8.3.2.4-2.
Measurement Procedure
1. Play the channel model defined in Table 8.3.2.4-2.
2. Measure the absolute power received at the RX antenna, averaged over a statistically sufficient number of fades (defined as channel model samples in Table 8.3.2.4-2).
a. Measure the power intended for the vertically polarized receive antenna to measure the V component.
b. Measure the power intended for the horizontally polarized receive antenna to measure the H component.
3. Calculate the V/H ratio.
Theoretical and expected measurement results are the same as MPAC.
<End of proposed text for CR>
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