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1	Introduction
A study item (SI) on channel model for frequency spectrum above 6 GHz was approved [1] in RAN plenary meeting #69. This initiated numerous e-mail discussions [2] among many companies and organizations on their knowledge and visions of the channel modeling approach. The discussion topics include activities outside of 3GPP, deployment scenarios, frequency bands, modeling methodologies, measurement capabilities etc. A summary of these e-mail discussions was given in [3]. 
Beyond e-mail discussions, several contributions [4]-[6] have already been made. One of them [4] proposed to examine a recently published white paper [7], which is co-authored by 14 parties from industry and academia. This white paper was published at GLOBECOM 2015, and it discusses the channel modeling for frequency band up to 100 GHz. Mainly, this white paper aims to extend the current sub-6 GHz 3GPP 3D stochastic channel model to higher frequency band. 
The purpose of this contribution is to provide review and comments on the white paper [7]. Overall, our comments on the white paper cover the topics of 1). Scenario; 2). LOS probability; 3). Path loss model; 4). Building penetration loss; 5). Blockage model; 6). Fast fading model. 
Hereafter, the “white paper” refers to [7]. 
2	Discussion
In the e-mail discussions [3] for above 6 GHz channel modeling, a majority of companies (including InterDigital) illustrated their preference of starting from 3GPP 3D stochastic channel model and adding necessary features to account for the physics of higher frequency bands. Additionally, these companies mentioned to use ray tracing for generating parameters for stochastic modeling, rather than directly use ray tracing to model channels. The stochastic channel model has less computational complexity than map-based channel model. It can be easily made consistent with the current 3GPP 3D channel model for sub-6 GHz. Also, the stochastic channel model is suitable in case the scenario models are not explicitly available. In addition, it might be difficult to select a few map-based models to represent a large number of different deployment scenarios in different countries. Based on these observations, we support stochastic channel model for above 6 GHz frequency band as mandatory for all deployment scenarios. The following discussions are based on the stochastic channel model.
The existing 3GPP 3D stochastic channel model [8] applies only to below 6 GHz frequency bands. The white paper [7] makes an effort to extend that channel model to the frequency bands up to 100 GHz.  In the following discussions, we will focus on the difference between this white paper and the existing 3GPP 3D stochastic channel model in [8], so as to emphasize the “extension” of this white paper. 
Scenarios
The first extension is on the deployment scenarios. Besides UMi and UMa scenarios, the white paper considers indoor scenarios as well. This includes both indoor office environment and indoor shopping mall environment. 
A number of companies illustrate interests in the indoor scenarios [3]. Since the statistics of indoor channels is quite different from that of UMi and UMa channels, it is desirable to treat indoor scenario as a separate scenario. Whether or not further separate various environments under indoor scenario (e.g., office, shopping mall, etc) is to be discussed (cf. [5]). 
Comment 1: We agree to treat indoor scenario as a separate scenario. Whether or not further separate various environments under indoor scenario is to be discussed.

LOS Probability
The LOS probabilities under UMi, UMa and indoor scenarios are studied in the white paper. It is shown that for the UMi and UMa scenarios, the existing LOS probability formulas in [8] fit well in the high frequency bands, in terms of the performance comparison with other candidates. Hence, the white paper proposes to apply the same LOS probabilities as in [8] to high frequency bands. 
For the indoor scenario, a new LOS probability formula is proposed, which outperforms other existing formulas by ray-tracing simulations. 
It is expected that LOS probability is frequency independent. Hence, the LOS formulas in sub-6 GHz domain could be applied directly to high frequency band. 
Since the proposed LOS probability formula for indoor scenario shows performance advantage over other candidate formulas in the indoor office environment, it could be applied. We suggest to further investigate whether this LOS probability formula fits other indoor environments (e.g., indoor shopping mall).
Comment 2: For UMi/UMa scenarios, the existing LOS probability [8] can be applied. For the indoor scenario, the proposed LOS probability can be applied, in case it is shown to fit other indoor environments (e.g., indoor shopping mall).

Path Loss Model
The path loss models for all the scenarios are examined in this white paper. Both CI/CIF model and ABG model are analyzed, with corresponding parameters provided for various LOS or NLOS sub-scenarios. Note that CI/CIF model is based on the free space path loss at 1 meter for the given carrier frequency. In CI model, only the path loss exponent is to be optimized, while in CIF model, an additional linear frequency-dependent parameter needs to be optimized. On the other hand, ABG model has three parameters (i.e., distance-dependant parameter, frequency-dependent parameter and floating offset) to be optimized. 
The path loss models proposed in the white paper are summarized in Table 1.
[bookmark: _Ref442176484][bookmark: _Ref442176091]Table 1: Proposed path loss models
	
	LOS
	NLOS

	UMi
	CI model
	CI model
ABG model

	UMa
	CI model
	CI model
ABG model

	Indoor
	CI model
	Dual slope CIF model
Dual slope ABG model
(Single slope CIF model for indoor office)



For the LOS case, it is observed that the path loss model is well matched with Friis’ free space path loss model. Hence, the CI model is proposed, and the ABG model actually converges to CI model at certain parameters setting. 
For the NLOS case under UMi and UMa scenarios, both CI model and ABG model are proposed. For the NLOS case under indoor scenarios, both dual slope CIF model and dual slope ABG model are proposed. It is mentioned that single slope CIF model may fit for the indoor office sub-scenario as well. Finally, the shadow fading in all the proposed models has distance independent standard deviation. 
As the LOS path loss in the high frequency band follows Friis’ free space model quite well, the CI model could be applied. For the NLOS path loss in the high frequency band, the model selection may rely on the performance evaluation.
Comment 3: CI model could be used for LOS path loss. For NLOS path loss, whether to use CI/CIF model or to use ABG model relies on their performance evaluation.

Building Penetration Loss
The white paper investigates the building penetration loss. It is stated that the penetration loss depends heavily on the building materials as well as its thickness and conductivity. For a given building material, the penetration loss also depends on the carrier frequency. Approximately, the penetration loss increases linearly with the carrier frequency. Finally, it is mentioned that the penetration loss also depends on the grazing incidence. 
Five candidate penetration loss models are proposed in the white paper. Each of these models depends on a subset of the above three factors (materials, carrier frequency, grazing incidence). Table 2 gives a summary of these options.
[bookmark: _Ref442176204][bookmark: _Ref442176185]Table 2: The model dependency of proposed building penetration loss options
	
	Option 1
(ITU model)
	Option 2
(3GPP model [8])
	Option 3
	Option 4
	Option 5

	Model dependency
	Grazing incidence
	Fixed
(no dependency)
	Frequency
	Grazing incidence
	Material and frequency



It is observed from [8] that up to 30 dB penetration loss difference may result from building materials; up to 20 dB penetration loss difference may result from grazing incidence; and up to 15 dB penetration loss difference may result from carrier frequency. In other words, all these three factors have significant impact on the penetration loss. Hence, it is beneficial to include as many factors as possible in the penetration loss model.  
Comment 4: The building penetration loss model needs to cover as many factors (building materials, carrier frequency, grazing incidence) as possible. 

Blockage Model
The white paper considers dynamic blockage and geometry-induced blockage. Specifically, it models the dynamic blockage as a dynamic shadow fading, and averages it out towards the static shadow fading.  
Both IEEE 802.11ad channel model [9] and MIWEBA channel model [10] take the dynamic blockage model into account. We suggest to examine their modeling methodology [11].
Comment 5: The existing dynamic blockage modeling metholodgies need to be examined to see if they can be applied.

Fast Fading Model
The white paper provides preliminary results on fast fading modeling for high frequency band. Similar parameter tables as in [8] are proposed for UMi and UMa scenarios. Its main difference from [8] is summarized below.
1. [bookmark: _Ref442099768]In the preliminary channel model parameters table (Tables 7 and 10), the distributions of
AoD/AoA and ZoD/ZoA are different from those in [8]. This is summarized in Table 3.
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	UMi
	UMa

	
	< 6 GHz
(3GPP model [8])
	28 GHz

	73 GHz
	< 6 GHz
(3GPP model [8])
	> 6 GHz

	AoD and AoA distribution
	Wrapped Gaussian
	Laplacian
	Uniform
[0, 360]
	Wrapped Gaussian
	Laplacian

	ZoD and ZoA distribution
	Laplacian
	Laplacian
	Gaussian
	Laplacian
	Laplacian



2. In the preliminary channel model parameters table (Tables 7 and 10), the ZoD spread is provided as log-normal distributed. This implies it is distance (between Tx and Rx) independent. However, another statement in the white paper claims that the ZoD spread is distance dependent. 

Note that [8] defines ZoD spread as a distance dependent parameter. 

3. In the preliminary cluster parameters table (Tables 8 and 11), a new parameter “Cluster DS” is introduced. 

Note that [8] specifies that only the two strongest clusters has fixed ray excess delay, while the other clusters do not have any ray excess delays. This intra-cluster excess delay also depends on the bandwidth (cf. [12]). 

4. In the preliminary cluster parameters table (Tables 8 and 11), a new parameter “Cluster ZoD” is introduced. 

Note that “Cluster ZoD” is not defined in [8]. Instead, [8] applies the large scale mean ZoD.

5. In the preliminary UMi correlations table (Table 9), the correlation between the K-factor and other large scale parameters is not provided.

Besides the UMi and UMa scenarios, this white paper also investigates the fast fading model for indoor scenario. Some large scale channel statistics are provided (Table 13), while small scale channel statistics are not provided. 
Overall, the white paper provides a nice fast-fading model, with many parameters given for high frequency band. Still some parameters need to be further examined, added or corrected. It should be referenced in the 5G channel model discussion.
Comment 6: Most parameters in the fast fading model can be applied, while some parameters need to be further examined, added or corrected.

3	Conclusion
In this contribution, we review on the white paper [7] on channel modeling for frequency spectrum up to 100 GHz. Our comments on [7] are as follows:
Comment 1: We agree to treat indoor scenario as a separate scenario. Whether or not further separate various environments under indoor scenario is to be discussed.
Comment 2: For UMi/UMa scenarios, the existing LOS probability [9] can be applied. For the indoor scenario, the proposed LOS probability can be applied, in case it is shown to fit other indoor environments (e.g., indoor shopping mall).
Comment 3: CI model could be used for LOS path loss. For NLOS path loss, whether to use CI/CIF model or to use ABG model relies on their performance evaluation.
Comment 4: The building penetration loss model needs to cover as many factors (building materials, carrier frequency, grazing incidence) as possible. 
Comment 5: The existing dynamic blockage modeling metholodgies need to be examined to see if they can be applied. 
Comment 6: Most parameters in the fast fading model can be applied, while some parameters need to be further examined, added or corrected.
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