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1. Introduction

Currently extensive efforts are put on determining the dependence of different radio channel characteristics on frequency. This is important as the goal is to provide a channel model for 5G which is consistent over the full frequency range 0.5-100 GHz. In order to determine corresponding channel characteristics experimental results are crucial. For this purpose extensive measurement campaigns are planned have been performed. In order to reliably assess the propagation channel properties based on measurement results over the full frequency range some care needs to be taken. 
2. Requirements on Channel Measurement Data for Comparability
When comparing different measurement data at different frequencies and/or from different campaigns the following requirements need to be fulfilled in order to secure comparability:

1. The same measurement bandwidth should be used
2. Equal antenna pattern should be used (may also be synthesized)

3. Equal dynamic range should be used, both in delay and angle domains

4. When the channel is sampled in space the same volume in terms of number of wavelengths should be used

5. The environment should be equal i.e. same location and same variability in terms of moving people and vehicles etc.
6. Locations of antennas should be the same

In addition the oxygen absorption at 60 GHz should be compensated for using propagation path lengths as agreed in [1]. This is important for securing smooth frequency properties when extrapolating/interpolation using 60 GHz. 
3. Delay Spread Analysis
The importance of equalizing bandwidth (requirement 1. above) is addressed in this section based on channel measurements at 60 GHz. Both a microcell street scenario, O2O, [2] and an outdoor to indoor scenario, O2I, [3], shown in Fig. 1, have been analyzed. As these measurements were performed using 2 GHz bandwidth, investigation of the effect of using a wide range of measurement bandwidths is possible. 
For this purpose rms delay spread has been studied for bandwidths between 80 MHz and 2 GHz. In this analysis the requirement 3 above i.e. to use the same dynamic range for all comparisons has been ensured. If possible a 20 dB dynamic range of the power delay profiles has been used. At some locations the maximum possible range was lower, down to 5 dB. However, for each measured channel response the dynamic range was fixed to a single value for the different analyzed bandwidths. The requirements 2, 5 and 6 above are automatically fulfilled as the same measurement channel response is used when comparing delay spread for different bandwidths.
In Fig. 2 the result of the analysis is shown. It is clear that the determined rms delay spread is very sensitive to the measurement bandwidth. Substantially larger delay spread values are observed at smaller than at larger measurement bandwidths. For the O2I scenario the median delay spread decreases almost one order of magnitude (from 100 ns to 18 ns) when going from 80 MHz to 2 GHz measurement bandwidth. For the O2O scenario the rms delay spread is reduced to half (form 80 ns to 40 ns) when going from 80 MHz to 2 GHz measurement bandwidth.
A possible explanation for the dependency of rms delay spread on measurement bandwidth is that a few resolved spikes of the power delay profile increase in level when the bandwidth increases while the part of the profile for which the multipath components are not resolved is kept constant. In this way the profile becomes sparser at higher bandwidths resulting in reduced delay spread. This is illustrated in Fig. 3 where a NLOS power delay profile from the O2O scenario, having a few strong specular paths, is shown. It is clear that the dense multipath components are kept at a constant level whereas the spikes are substantially lowered when the bandwidth is reduced from 2 GHz to 80 MHz. The resulting rms delay spread goes from 7 ns to 30 ns.   
4. Conclusion

Comparisons between channel measurements at different frequencies and/or different environments/occasions are very sensitive to differences in conditions. To ensure comparability it is very important to put effort on that the conditions are as equal as possible. Therefore, the following is proposed:
Proposal: When comparing different measurement data at different frequencies and/or from different campaigns the following requirements should be fulfilled:

1. The same measurement bandwidth should be used

2. Equal antenna pattern should be used (may also be synthesized)

3. Equal dynamic range should be used, both in delay and angle domains

4. When the channel is sampled in space the same volume in terms of number of wavelengths should be used

5. The environment should be equal i.e. same location and same variability in terms of moving people and vehicles etc.

6. Locations of antennas should be the same

7. The oxygen absorption at 60 GHz should be compensated for using propagation path lengths as agreed in [1]. This is important for securing smooth frequency properties when extrapolating/interpolation using 60 GHz.
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Figure 1. Outdoor to indoor measurement scenario (right) and outdoor street microcell measurement scenario (left). 
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Figure 2. Median rms delay spread versus measurement bandwidth (left) and corresponding CDF for the different bandwidths (right) for the two measurement scenarios O2O and O2I.





Figure 3. Measured power delay profiles using 2 GHz bandwidth (left) and 80 MHz bandwidth (right).
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