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Introduction
The channel dispersion in terms of delay spread and its eventual frequency dependence is a key element of the new channel model being developed. The topic of frequency dependence is subject to some different views but there is rather limited measurement availability. In this contribution we provide some additional measurement results to better understand how the channel varies over the frequency range considered in the present SI. 
Measurement setup
The measurements were performed in an indoor office consisting of both open and closed areas. The measurement locations are shown in Figure 1. In each of the 15 locations measurements were performed at five different positions displaced by about 30 cm in a cross configuration. Thus, in total 75 measurements were carried out. All locations were in non line of sight (NLOS), including position 1 where a partially metallic temporary screen was blocking the direct path. A VNA network analyzer was employed to do 10 consecutive frequency sweeps with 1601 points over the measurement bandwidth. Four different frequencies were used: 2.4, 5.8, 14.8 and 58.7 GHz, with corresponding bandwidths 80, 150, 150 and 150 MHz, respectively. Dipole antennas with omni-directional radiation patterns were used at both Tx and Rx for all frequencies. The measurements were mostly made during evening time when there was little or no movement in the area which could otherwise introduce non-stationary channel changes during a frequency sweep.
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[bookmark: _Ref447149116]Figure 1 Map over the indoor measurements. The receiver was in a smaller open area surrounded by corridors and office and conference rooms. Some of the measurements (11, 12, 13, 14) were in an open office area with desks and low partition walls. 
Postprocessing
Each frequency sweep was individually analysed and the noise floor determined. This was used to detect a few instances of non-stationary conditions and the corresponding frequency sweeps were removed from further analysis. The remaining sweeps in each location and local displacement were coherently averaged to improve the signal to noise ratio (SNR). These sweeps were subsequently transformed into impulse responses. The impact of the oxygen absorption naturally impacting the 58.7 GHz measurements was removed according to the agreed procedure in [1].
The rms delay spread was calculated from each impulse response using a 20 dB below peak threshold. Furthermore, the impulse responses from the five locally displaced positions were power averaged to produce a power delay profile per location. The cumulative distribution functions (CDFs) of the rms delay spread based on the 75 positions is shown in Figure 2, while the average power delay profiles from the 15 locations are presented in the Appendix. The CDFs are further parameterized in Table 1, and the frequency trends are emphasized in Figure 3, which also includes a comparison to the model proposals from [2] and [3].
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[bookmark: _Ref447150662]Figure 2 Delay spread CDFs (NLOS)




[bookmark: _Ref447150672]Table 1 Delay spread parameters from the NLOS measurements
	
	2.44 GHz
	5.8 GHz
	14.8 GHz
	58.7 GHz

	Median delay spread [ns]
	24
	28
	24
	21

	DS log10([s])
	-7.59
	-7.55
	-7.62
	-7.64

	DS log10([s])
	0.25
	0.17
	0.20
	0.30
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[bookmark: _Ref447306959]Figure 3 Measured frequency dependence of the median NLOS delay spread. For comparison, the model proposals from [2] and [3] are also shown. 
Discussion
It is immediately evident that there is very little frequency dependence of the rms delay spread. Some smaller variations exist, such as the larger portion of high delay spreads at the very highest (58.7 GHz) and at the very lowest (2.4 GHz). Similarly, the median rms delay spread is slightly higher at the 5.8 GHz frequency. Neither of these variations are particularly significant and there is further no monotonic trend as a function of frequency. 
The average power delay profiles in the Appendix are also remarkably similar across the wide frequency range. Closer inspection reveals that there are some smaller differences, as in some locations there are multi-path components (MPCs) are a large delay (600 ns) where the amplitude differ with frequency. However, these MPCs are not monotonically attenuating with higher frequencies, which would be expected if longer path trajectories undergo diffraction or transmission through a homogeneous material which are both known to be monotonically frequency dependent. Instead, a likely explanation is that these MPCs represent paths that escape the building through the windows, reflect off nearby buildings, and enter through the windows again. The delay difference also seems to match the distances to neighbouring buildings, and the window transmission in this building has been shown to be non-monotonic with frequency in previous measurements [6]. In any case, the impact of this delayed cluster can only be seen in the highest percentiles of the CDFs.
Observation: The results from this comprehensive measurement campaign support a frequency-independent delay spread model over the 2-70 GHz frequency range
Conclusion
The measurements in this contribution have been performed with the utmost care in order to maintain comparability over a large frequency range by following the recommendations given in [7]. The results show no evidence to support a frequency-dependent delay spread model. This supports the conclusions from other measurement campaigns performed with similar care such as a UMi measurement campaign [5] and an InH high resolution directional measurement [4], where neither indicated any significant frequency dependence. The burden of proof then lies with proponents of such a model to provide supporting measurement results where a similar high attention to the comparability is shown. As part of such an undertaking it should be shown that the supporting measurements and post-processing are done according to the recommendations in [7].
Proposal: Delay spread modeling in the InH scenario should be frequency independent
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Appendix
The following figures show the spatially averaged power delay profiles in each of the 15 measurement positions. The relative power levels have not been calibrated. Also, the delay axis contains an offset compared to the propagation delay over the air. 
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