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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. In RAN1 meeting #84, topics on the channel modeling requirements, scenarios, methodology have been extensively discussed [3]. 
On the other hand, a white paper [4] was published at GLOBECOM 2015. This white paper discusses the channel modeling for frequency band up to 100 GHz. 
Taking into account all these discussions and information, we present our general views on above 6 GHz channel model. This contribution covers the topics of 1). Scenario; 2). LOS probability; 3). Path loss model; 4). Fast fading model; 5). Additional features for above 6 GHz. 

2     Overview
Three agreements and one working assumption were reached in RAN1 meeting #84 on channel modeling. 
One agreement is on the deployment scenarios [5]. Specifically, indoor office, UMi street canyon and UMa are the first priority scenarios and indoor shopping mall and UMi open square are the second priority scenarios. Another agreement is on channel modeling requirements [6], which include the support of high frequency, large bandwidth, large antenna arrays, spatial/temporal/frequency consistency, etc. 
The working assumption is on modeling methodologies and additional features [7]. Roughly speaking, the channel model should be based on stochastic modeling methodology, with additional features for above 6 GHz frequency spectrum. 
On the other hand, a white paper [4] was published at GLOBECOM 2015. This white paper, co-authored by 14 parties from industry and academia, is based on the stochastic channel modeling methodology. It aims to extend the current below 6 GHz 3GPP 3D stochastic channel model to the frequency band up to 100 GHz. Since this white paper contains many sourcing companies’ recent measurement and simulation results, as well as the corresponding modeling proposals, it is worth extensive study and examination.

3	Discussion
We shall present our views on the above 6 GHz channel model, relying on the agreements and working assumption made in RAN1 meeting #84. Specifically, the discussion below is based on the stochastic channel modeling methodology for the first priority scenarios. Our focus is the extension of the current 3GPP 3D stochastic channel model [8] to above 6 GHz, with support of the results from the white paper [4] and other contributions to RAN1 meeting #84.
Scenario
As is agreed that indoor office, UMi street canyon and UMa are the first priority scenarios. Though the detailed scenario parameters are not concluded [9], it is a reasonable assumption that UMa scenario is similar to that in [8] and UMi street canyon scenario is a sub-scenario of that in [8]. The indoor office scenario is newly introduced. 
Unlike in the below 6 GHz channel model, we observe that the cell layout of UMi street canyon scenario for frequency above 6 GHz might be better approximated by diamond shape, rather than hexagonal shape. This is due to high building penetration loss and diffraction loss at high frequency. Hence, we have the following proposal (with details in [10]):
Proposal 1: Take diamond shaped cell layout into consideration for the UMi street canyon scenario. 
Large Scale Fading: LOS Probability
It is expected that LOS probability is frequency independent. Hence, the existing LOS probability formulas in [8] for UMi and UMa scenarios fit well in the high frequency bands. This is affirmed in [4]. 
For the indoor scenario, a new LOS probability formula is proposed in [4]. The performance advantage of this formula is also illustrated via ray-tracing simulations. 
Proposal 2: Apply the LOS probability in [8] for UMa and UMi street canyon scenarios and apply the LOS probability in [4] for indoor office scenario. 
Large Scale Fading: Path Loss Model
There are two main types of path loss model: CI/CIF model and ABG model. The 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 current 3GPP 3D channel model [8] uses the ABG model with additional dependencies on BS/UE heights and LOS breakpoint. 
It is stated in [4] that the LOS path loss in high frequency band follows Friis’ free space model quite well. Hence, the CI model is applicable. For the NLOS case, either CI model or ABG model could be applied to UMi and UMa scenarios; either dual slope CIF model or dual slope ABG model could be applied to indoor scenario. 
We agree that CI model could be used for the LOS case, and either CI/CIF model or ABG model could be used for the NLOS case. The model selection for the NLOS case depends on the performance evaluation.  
Proposal 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.
Besides the path loss model type, there are two more aspects to be considered in the above 6 GHz path loss model: building penetration loss and frequency-dependent attenuation.
Building Penetration Loss
The current 3GPP 3D channel model [8] uses a fixed building penetration loss as 20 dB. 
However, it is stated in [4] that for high frequency bands, 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. Also, it is mentioned in [4] that the penetration loss depends on the grazing incidence. Five candidate penetration loss models are provided in [4]. Each of these models depends on a subset of the above three factors (materials, carrier frequency, grazing incidence). Table 1 gives a summary of these options.
[bookmark: _Ref442176204][bookmark: _Ref442176185]Table 1: 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 [4], [11] 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.  
Proposal 4: The building penetration loss model needs to cover as many factors (building materials, carrier frequency, grazing incidence) as possible. 
Frequency-dependent Attenuation
The current 3GPP 3D channel model [8] does not contain any frequency-dependent attenuation in its path loss model. This is because the model is focusing on the small frequency band in below 6 GHz frequency domain. 
When extending the channel model for bands up to 100 GHz, such attenuation cannot be ignored. It is mentioned in the working assumption [7] that the feature of “foliage, atmosphere and rain attenuations as a function of frequency” should be included in the channel model. The atmosphere attenuation as a function of frequency was studied in several literatures, e.g., [12]. We think such frequency-dependent attenuation could be included in the path loss model.
Proposal 5: Include the frequency-dependent attenuation in the path loss model.
Fast Fading Model
The current 3GPP 3D channel model [8] has a complete channel coefficient generation procedure, which incorporates both large scale parameters and small scale parameters. The same procedure could be extended to above 6 GHz channel modeling, with large scale and small scale parameters adjusted for higher frequency band and for the new indoor office scenario. 
Much work has been devoted to the parameter selection. The white paper [4] provides several tables for both large scale parameters and small scale parameters. Specifically, two new small scale parameters (Cluster DS and Cluster ZoD) are introduced. The large bandwidth in above 6 GHz band results in intra-cluster excess delay, which is modeled by the cluster DS. The intent to introduce cluster ZoD is unclear. Note that 3GPP 3D channel model [8] uses the mean of the ZoD log-normal distribution, rather than cluster ZoD. Like in below 6 GHz band, the ZoD spread in above 6 GHz band is assumed to be distance-dependent. This property is not well modeled in [4]. Finally, the parameters in [4] are not complete. For example, some large scale parameters for indoor office scenario is not contained. 
Proposal 6: Most parameters in the fast fading model in [4] can be applied, while some parameters need to be further examined, added or corrected.
Additional Features for Above 6 GHz
Some additional features for channel model above 6 GHz have been listed in [7]. This includes dynamic blockage, spatial consistency, etc.
Dynamic Blockage
Dynamic blockage refers to the blocking of some clusters between transmitter and receiver due to the movement of humans or vehicles. Unlike low frequency bands, the diffraction loss and penetration loss are significant in high frequency bands, resulting in the heavy impact on the received signal strength due to cluster blockage. Lots of work (either outside or inside 3GPP) has been devoted to dynamic blockage modeling. In [13], we summarized these work and proposed a simple model for dynamic blockage. 
Spatial Consistency
The current 3GPP 3D channel model takes into account the spatial consistency for large scale parameters (e.g., DS, AOD/AoA/ZoA/ZoD spread, shadow fading and K-factor). However, such spatial consistency is not used for small scale parameters, LOS/NLOS and indoor/outdoor. One effort we made is to extend the spatial consistency approach for large scale parameter to LOS/NLOS. More detailed descriptions are contained in [14].
UE Rotational Motion
The use of dual-end (UE and BS) highly directional links is essential to achieve higher beamforming gains and hence, resulting in more feasible above 6 GHz cellular communication systems. The highly directional links are much more sensitive to dynamic environment due to UE rotational motion. The UE rotational motion has larger impact on link performance than UE translational motion. Hence, we propose to take into account of UE rotational motion [15] as a new feature for above 6 GHz channel modeling.
Proposal 7: Consider the observations and modeling methodologies for additional features in [13]-[15].

4	Conclusion
In this contribution, we present our views on channel modeling for frequency spectrum up to 100 GHz. Our proposals are as follows:
Proposal 1: Take diamond shaped cell layout into consideration for the UMi street canyon scenario.
Proposal 2: Apply the LOS probability in [8] for UMa and UMi street canyon scenarios and apply the LOS probability in [4] for indoor office scenario.
Proposal 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.
Proposal 4: The building penetration loss model needs to cover as many factors (building materials, carrier frequency, grazing incidence) as possible.
Proposal 5: Include the frequency-dependent attenuation in the path loss model.
Proposal 6: Most parameters in the fast fading model in [4] can be applied, while some parameters need to be further examined, added or corrected.
Proposal 7: Consider the observations and modeling schemes for additional features in [13]-[15].
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