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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN Plenary#69, it was agreed that 3GPP would need to study performance and feasibility of using high frequency spectrum above 6 GHz for further evolution beyond LTE-Advanced and for technology advancement towards 5G [1]. The aim is to develop a channel model to enable feasibility study and developing framework of using high frequency spectrum ranging from 6 GHz to 100 GHz.
Different large scale fading parameters can be used to describe and subsequently model a radio channel in different environments (e.g. indoor, UMi, UMa, etc.) [2]. Usually, these parameters are derived from extensive channel sounding campaigns, or parameters used in channel models are at least verified with representative channel measurements in different environments and in dedicated frequency ranges.
Proposal 1: Channel models and the scenario specific propagation parameters should be verified by comparable channel measurements in representative environments.
Different channel sounding approaches (e.g. frequency or time domain) or even the use of different channel sounding equipment (VNA, signal generator, signal analyzer, amplifier, LNA, upconverter, downconverter, cabling, sounding sequence, etc.) will result in different dynamic ranges and thus also in different effective noise thresholds in the resulting measurement data.
Unfortunately, the estimation of the large scale fading parameters depends on the effective noise threshold of the underlying channel measurement. Therefore, it is crucial to identify influencing measurement parameters and document these parameters along with the measurement results. This will later allow the comparison of large scale fading parameters derived from various channel measurement campaigns with different equipment in order to validate the channel model.

Exemplary Problem Description
In this contribution, the comparability issue of large scale fading parameters derived from channel measurements with two different noise thresholds is investigated by the example of the RMS delay spread.
Figure 1 in the Annex shows an exemplary channel measurement and the estimated large scale parameters (mean excess delay, RMS delay spread, and maximum excess delay) based on an assumed noise threshold of -110 dBm. The measurement scenario was artificially generated by means of a fading simulator with the fading profile depicted in Table 1 in order to achieve reproducibility.
Table 1: Simulated Channel Impulse Response
	
	Path 1
	Path 2
	Path 3
	Path 4

	Path Loss
	0 dB
	0 dB
	20 dB
	20 dB

	Additional Delay
	0.5 µs
	1 µs
	3 µs
	3.2 µs



Calculating the propagation parameters from the simulated channel impulse response according to the equations in [3] yields the following values for the mean excess delay, the second moment of the delay  and the RMS delay spread, respectively.






The estimated RMS delay spread from the channel measurement in Figure 1 with the noise threshold of -110 dBm correlates very well with the expected results (in both cases RMS delay spread ).
[bookmark: _GoBack]In contrast, Figure 2 in the Annex shows the same measurement with a slightly higher noise threshold of -94 dBm. The reason for different noise thresholds in the measurement results can be the use of a different setup. Nevertheless, in our case the measurements were performed with exactly the same setup but additional noise was simulated inside the signal generator. The estimated RMS delay spread in Figure 2 is reduced to  because some multipath components are now below the noise threshold of the measurement data.
This simple example shows the influence of the noise threshold on the RMS delay spread parameter estimation process.
Proposal 2: Measurement parameters that affect the estimation of large scale parameters (e.g. noise threshold) should be documented along with the measurement results in order to ensure comparability.

Proposed Solution for a comparable Estimation of Delay Spread
In order to make the estimated large scale fading parameters used for channel modelling comparable, relevant parameters like the effective noise threshold of the underlying channel measurements needs to be set to a meaningful value and also needs to be documented.
A possible approach to estimate a meaningful noise threshold for a specific channel measurement automatically, is to analyze the part of the channel impulse response where you can expect no additional multipath components. This is usually the case for the last part of the measured channel impulse response under the precondition that the relevant measurement parameters (e.g. the length  of the recorded channel impulse response) are chosen according to the currently expected channel conditions.
The measured channel impulse response with the length  can be described by, where  is the complex amplitude at the delay.

A meaningful noise threshold can be estimated by calculating the root mean square value of the last part of the channel impulse response specified by the factor  () and subsequently adding a margin. This approach of noise threshold estimation can be described by the following parameterizable equation.


Meaningful values for the fraction  of the channel impulse response that is used for noise threshold estimation and the margin  are as follows:


Independent of manually or automatically selecting the noise threshold, the value should always be documented along with the channel measurement and the derived channel model parameters.
Proposal 3: The noise threshold should be defined according to the proposed equation in this paper. For all measurements the effective noise threshold as well as the used parameters in the proposed equation to estimate this noise threshold should be documented in order to achieve comparability of the derived large scale parameters.

[bookmark: _Ref129681832]Conclusions
In this contribution, we addressed the comparability issue of large scale fading parameters derived from channel measurements conducted with different channel sounding setups and therefore with different effective noise thresholds.
Additionally, we provided an equation to estimate a meaningful noise threshold from the raw channel measurement data. Since the estimated effective noise threshold of the underlying measurement data is affecting the estimation of large scale fading parameters (e.g. RMS delay spread), only a common understanding of this parameter and its documentation makes a comparison of parameters derived from different channel measurement campaigns possible.
Therefore, the following proposals were drawn.
[bookmark: OLE_LINK4]Proposal 1: Channel models and the scenario specific propagation parameters should be verified by comparable channel measurements in representative environments.
Proposal 2: Measurement parameters that affect the estimation of large scale parameters (e.g. noise threshold) should be documented along with the measurement results in order to ensure comparability.
Proposal 3: The noise threshold should be defined according to the proposed equation in this paper. For all measurements the effective noise threshold as well as the used parameters in the proposed equation to estimate this noise threshold should be documented in order to achieve comparability of the derived large scale parameters.

Annex
[image: ]
Figure 1: Large scale fading parameters derived from channel measurement with a noise threshold of -110  dBm
[image: ]
Figure 2: Large scale fading parameters derived from channel measurement with a noise threshold of -94  dBm
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