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Introduction
In the channel model ad hoc meeting, the following working assumptions on atmospheric attenuation were agreed [1]:
· Water vapor attenuation should not be considered for the UMi, UMa, and indoor office scenarios
· Subtract the impact of oxygen absorption from the measurement data before parameterizing the model
· Apply an oxygen loss to the generated channel impulse response on the form  dB
· Rain attenuation should be considered with lower priority for the UMi and UMa scenarios, and not at all for the indoor office scenario
· Do not model foliage loss explicitly since it is already implicitly accounted for in the stochastic path loss models
It has been observed that the oxygen loss at around 60GHz  of the carrier frequency range  cannot be ignored for more than 100 meter distances [1][2]. Hence oxygen loss modeling will mainly focus at carrier frequency range of 52GHz to 68GHz.
On the other hand, supporting large channel bandwidths up to 10% of carrier frequency was approved as the working assumption in [3]. It implies that the channel model with up to 6GHz bandwidth at carrier frequency around 60GHz is possibly required in some scenarios. Large bandwidth channel modeling was agreed in [4]:
· For large BW and large antenna array modeling, in order to have unique TOA for each ray within a cluster for a given u (Rx) and s (Tx), the channel coefficients equation in step 11 needs to be updated as following, to model individual rays:


where the delay (TOA) for ray m in cluster n and for u (Rx) and s (Tx) is given as



Note that is the delay for ray m in cluster n produced by the current channel model and it might be the same for all rays within a cluster and for all Rx/Tx pairs.
[bookmark: _GoBack]This contribution discusses the methods of oxygen loss modeling for large channel bandwidth.
Discussion
In [2], applying oxygen absorption loss to the channel impulse response of individual clusters with different delays was proposed because the multipath components having different path lengths suffer different oxygen absorption. Since the oxygen absorption loss in dB is proportional to the distance, the -th cluster (path) with delay  in the generated channel impulse response can be attenuated by a loss factor  [dB], where  [dB/m] is the frequency-dependent oxygen loss,   [m/s] is the speed of light, and  [s] is the cluster (path) delay.
Applying the oxygen loss in time domain channel impulse response is appropriate for relatively narrow channel bandwidth. However, the oxygen loss can never be constant for the large channel bandwidth, say above 1GHz. There may be the following two ways to model the oxygen loss for the large channel bandwidth:
Method 1: Use the mean value of the oxygen losses across the channel bandwidth.
As given in Table 1 in [1], the factors of oxygen losses per 1 GHz step in the channel bandwidth are , the mean oxygen loss for the channel bandwidth is calculated as:
 dB
Method 2: Apply the oxygen losses in frequency domain in the channel bandwidth.
The above method 1 is very simple but it derives a single oxygen loss factor for the entire bandwidth so that it cannot reflect the oxygen loss fluctuation in frequency domain. Actually, it is desired to model oxygen loss variation in frequency in the large channel bandwidth model for the performance evaluation.  In order to properly model frequency dependency, the time-domain channel impulse response can be transformed to frequency-domain representation by DFT, and then scale the channel frequency responses by the square root of frequency-dependent oxygen loss, finally retrieve the time-domain channel impulse response by IDFT.
For the sake of simplicity, the matrix form of DFT can be employed in the following description. The entry of the -point DFT matrix  is given by , , and . It is proposed that in large BW and large antenna array modeling, each ray within a cluster between receive antenna element  (Rx) and transmit antenna element  (Tx) has unique time of arrival (TOA) [4]. Denote the time-domain channel impulse response of ray  in cluster  with delay  as a -length column vector , where  is the channel coefficients of ray  in cluster  and each receiver and transmitter element pair ,  as given in [5], and  denotes the quantized version of  . The channel frequency response is calculated by
 .
Up to now, the frequency-dependent oxygen loss has not been considered for the above channel impulse response and frequency response of ray  in cluster . Then, attenuate the channel frequency response by the square root of oxygen loss,
,
where  is the diagonal matrix with the square root of frequency-dependent loss on the corresponding  sampled frequencies in the bandwidth for ray  in cluster  between receiver and transmitter element pair , . The loss values on the subcarrier frequencies in the channel bandwidth can be obtained by interpolation of the values given in Table 1 in [1].
If frequency-domain channel response is required in the simulation, e.g., system-level simulation, the frequency responses of each subcarrier can be obtained by



,where . Finally, we have

If time-domain channel response is needed in the simulation, the frequency-domain channel response with frequency-dependent oxygen loss should be transformed to time-domain channel response, i.e., take the IDFT of the attenuated channel frequency response,
 .
 As a result, the oxygen loss model for the large channel bandwidth given in Method 2 incurs more paths with different delays in time domain.
Method 2 will reduce to the atmospheric loss model in [2] for relatively narrow bandwidth scenarios. The narrow bandwidth has approximately equal oxygen loss  across the channel frequency responses, i.e., , then the frequency-domain channel response is , and the time-domain channel response is .
Based on above discussion, we propose the following atmospheric loss modeling method:
Proposal 1: Subtract the impact of oxygen absorption from the measurement data before parameterizing the model
Proposal 2: Apply the frequency-dependent oxygen loss in frequency-domain channel response for the large channel bandwidth. Possible simplification can be considered to reduce the channel modeling complexity.
Proposal 3: Apply a single oxygen loss to the channel impulse response of a cluster for narrow bandwidth, e.g.,  <1GHz, which is a special case of Proposal 2.
The detailed text proposal in the channel modeling is given in Annex.
Conclusion 
In this contribution, we presented the method of applying the oxygen losses in frequency domain for large channel bandwidth. The followings for atmospheric loss modeling are proposed:
Proposal 1: Subtract the impact of oxygen absorption from the measurement data before parameterizing the model
Proposal 2: Apply the frequency-dependent oxygen loss in frequency-domain channel response for the large channel bandwidth. Possible simplification can be considered to reduce the channel modeling complexity.
Proposal 3: Apply a single oxygen loss to the channel impulse response of a cluster for narrow bandwidth, e.g.,  <1GHz, which is a special case of Proposal 2
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Annex: Text Proposal
Oxygen Absorption
For narrow channel bandwidth, oxygen absorption loss is applied to the cluster responses generated in Step 11 in Section 7.5. The additional loss, OLn(f) for cluster n at carrier frequency f is modelled as:
OLn(f) = α(f) · c · τn [dB],
where:
· α(f) 	frequency dependent oxygen loss (dB/km) characterized in Table xx;
·  c 	speed of light (km/s); and
· τn	n-th cluster delay (s) in Step 11 in Section 7.5.
For carrier frequencies not specified in this table, the frequency dependent oxygen loss α(f) is obtained from a linear interpolation between two loss values corresponding to the two adjacent carrier frequencies of the carrier frequency f.
Table xx Frequency dependent oxygen loss α(f) [dB/m]
	Carrier frequency f (GHz)
	α(f)
[dB/km]

	0-52
	0

	53
	1

	54
	2.2

	55
	4

	56
	6.6

	57
	9.7

	58
	12.6

	59
	14.6

	60
	15

	61
	14.6

	62
	14.3

	63
	10.5

	64
	6.8

	65
	3.9

	66
	1.9

	67
	1

	68-100
	0



For large channel bandwidth, oxygen absorption loss of carrier frequency is first applied to each ray responses. The additional loss, OLn(fc) for ray m within cluster n at carrier frequency fc is modelled as:
OLu,s,n,m(fc) = α(fc) · c · τu,s,n,m [dB],
where:
· α(fc) 	oxygen loss (dB/km) at carrier frequency fc characterized in Table xx;
·  c 	speed of light (km/s); and
· τu,s,n,m	delay of ray m in cluster n between Rx antenna element u and Tx antenna element s
Then transform the time-domain channel response containing all rays in all clusters into a single frequency-domain channel response, and apply the square root of frequency-dependent oxygen absorption loss modifying factor to the frequency channel coefficient of each subcarrier in the large channel bandwidth. The oxygen loss modifying factor of frequency f is calculated by α(f)-α(fc) [dB].
Time-domain channel response is obtained by the reverse transform from the obtained frequency-domain channel response.
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