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1. Introduction
At the RAN#69, a study item (SI) for channel modelling of frequency spectrum above 6 GHz was approved [1]. In the following RAN1#84, a set of scenarios were agreed [2] which includes Urban macrocell and Urban microcell.  In these scenarios, the link distances could potentially be up to hundreds of meters and interference may need to be modelled from transmitters that are up to a few kilometres distant. The path loss model as a function of frequency will be a key component of the channel model. It is known that atmospheric losses can become significant at higher frequencies and longer ranges. In this contribution we discuss some considerations for the atmospheric and rainfall losses and whether this should be modelled explicitly.
2. Atmospheric losses at higher frequencies
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[bookmark: _Ref445186319]Figure 1 Attenuation by atmospheric gases in the 0-1000 GHz range. Source: Rec ITU-R P.676-9 (02/2012) Attenuation by atmospheric gases
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[bookmark: _Ref445217232]Figure 2 Rain attenuation for different rain intensities. Source: Rec ITU-R P.838-2 Specific attenuation model for rain for use in prediction methods
Figure 1 illustrates the measured atmospheric effects for normal and dry air compiled for the ITU.  These are expressed in terms of dB/km of path length.  It can be seen that for the mmWave bands below about 100 GHz, the attenuation is dominated by the oxygen absorption peak at about 60 GHz.  This peak is about 15 dB/km or about 0.015 dB/metre.  For the other frequencies below 100 GHz, the absorption is about ten times less (or 0.001 dB/metre).  In dry air the loss is much lower.  For distances of tens of meters in the InH and UMi these losses are not significant compared to other effects of the environment (e.g. clutter and buildings). For 100+ metre ranges in the UMa scenario the 1.5 dB loss is of small consequence compared to other effects.
Figure 2 illustrates the measured rain attenuation for various rain-rates compiled for the ITU.  These are expressed in terms of dB/km of path length.  Rainfall is not a consideration in the InH scenario (indoors).  For the outdoor scenarios, at 100 metre path lengths, the rainfall would cause less than 0.4, 0.8 or 2.0 dB loss for signals close to 100 GHz [7].  As the average rain-rate is less than the peak, the average loss would be somewhat less and also less for lower frequencies. In periods of heavy rain the path loss may also be accompanied by scattering from the raindrops.  
Overall, in most InH, UMi and UMa scenarios the effects of atmospheric loss and rainfall will be insignificant compared to other factors of the environmental.  For scenario deployments in the 100 metre range they may be worthwhile taking into account.
3. Modelling of atmospheric losses
As seen in Figure 1, attenuation due to water vapour will be insignificant for the typical link distances in the considered scenarios. Therefore it is proposed that water vapour attenuation is not considered in these scenarios.  
Proposal 1: Water vapor attenuation should not be considered for the UMi, UMa, and indoor office scenarios


Oxygen absorption may become significant around the 60 GHz peak as shown in Figure 1. The effect on the path loss can easily be accounted for using known models such as given by Rec ITU-R P.676-9. 
However, there is a secondary effect that may result in noticeable reductions of delay and angular spread. This reduction is caused by the multipath components having longer path length than the direct path and will suffer a slightly greater oxygen absorption. In order to have a joint model parameterization over the full frequency range at longer ranges, it is proposed that measurements of e.g. channel impulse responses are compensated for the oxygen absorption loss at different delays. An example of the path loss and delay spread results before and after such compensation is shown in [6]. By this procedure it is possible to characterize the frequency-dependence of the channel dispersion without the notch-like effect near the oxygen peak disrupting any smoother trends. 
This process means that the oxygen loss should be applied in a separate modelling step. This can be done by attenuating each cluster (path) in the generated channel impulse response by a loss  [dB] where  [dB/m] is the oxygen loss,  [m/s] is the speed of light, and  [s] is the cluster (path) delay.
Proposal 2: Subtract the impact of oxygen absorption from the measurement data before parameterizing the model
Proposal 3: Apply an oxygen loss to the generated channel impulse response on the form  [dB]
While rain attenuation could become significant for longer link distances and at higher frequencies, it will be very rare with rain heavy enough to impact the shorter link distances that will be applicable in the agreed scenarios. In typical 3GPP RAN1 simulations the time variability of the link quality is typically not modelled, unlike the ITU sharing and coexistence studies where worst case interference conditions have a higher importance. Therefore it is suggested that rain attenuation is treated at a lower priority. 
Proposal 4: Rain attenuation should be considered with lower priority for the UMi and UMa scenarios, and not at all for the indoor office scenario.

4. Summary
In this contribution, we give our view on atmospheric loss modelling: 
Proposal 1: Water vapor attenuation should not be considered for the UMi, UMa, and indoor office scenarios
Proposal 2: Subtract the impact of oxygen absorption from the measurement data before parameterizing the model
Proposal 3: Apply an oxygen loss to the generated channel impulse response on the form  [dB]
Proposal 4: Rain attenuation should be considered with lower priority for the UMi and UMa scenarios, and not at all for the indoor office scenario
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‘Specific attenuaion due o atmospheric gases, caleulated at 1 GHz intervals, including line centres
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