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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN Plenary#69, it was agreed that 3GPP would need to study performance and feasibility of using high frequency spectrum above 6 GHz for further evolution beyond LTE-Advanced and for technology advancement towards 5G [1]. The aim is to develop a channel model to enable feasibility study and developing framework of using high frequency spectrum ranging from 6 GHz to 100 GHz. In addition, possible implication of the new channel model on the existing 3D channel model for below 6 GHz should also be considered.
In this contribution, we analyze the necessary new features for 5G channel model, particularly focused on higher frequency above 6 GHz, and their potential impact on the overall system performance.  

New features for above 6 GHz channel model
Frequency range
At the WRC-15 held in Nov 2-Nov 27, Geneva, Switzerland, it was agreed to set up a new agenda item (see [2], agenda 1.13) for WRC-19 that is tentatively scheduled in 2019, Geneva, Switzerland, to study the following frequency bands for the purpose of potential global mobile allocation and further identification as IMT spectrum [3]:
· 24.25-27.5 GHz, 37 – 40.5 GHz, 42.5 – 43.5 GHz, 45.5 – 47 GHz, 47.2 – 50.2 GHz, 50.4 – 52.6 GHz, 66 – 76 GHz, and 81 – 86 GHz, which have allocations to the mobile service on a primary basis; and
· 31.8 – 33.4 GHz, 40.5 – 42.5 GHz and 47 – 47.2 GHz, which may be considered for additional allocations to the mobile service on a primary basis.

Therefore, there will be studies of bands in the frequency range between 24.25 and 86 GHz for possible future IMT designation. For the 3GPP studies, the broader range of 6 GHz to 100 GHz should be studied for modeling purposes. However, it may be appropriate that the frequency range portions listed in the ITU-R Resolution [3] could have higher priority in measurements and channel modeling development study, due to their potential designation for IMT use beyond 2019. Furthermore, as mentioned in [1], possible implication of the new channel model on the existing 3D channel model for below 6 GHz should also be considered.
Proposal 1: The channel model should cover the frequency range of 0.5 GHz to 100 GHz.

[bookmark: OLE_LINK5]The ITU-R Resolution [3] proposes study of eleven bands between 24.25 GHz and 86 GHz for future IMT designation. If the existing IMT designations of frequency bands below 6 GHz are to also be included, there will even more bands for 5G channel modeling. It would seem inefficient to develop different channel models for each band. Furthermore, as mentioned in [1], possible implication of the new channel model on the existing 3D channel model for below 6 GHz should also be considered. Therefore, it would be preferable to develop a unified channel model framework for the full frequency range from 0.5 GHz up to 100 GHz, but with suitable frequency dependent parameters to adapt the model to specific frequency bands and deployment scenarios.
Proposal 2: The scalability of channel model in total frequency range [0.5 … 100 GHz] with a unified framework should be studied.
Frequency dependent propagation effects
It is well known that some propagation effects such as reflection, diffraction, scattering, and environment related attenuation are frequency dependent, which should be taken into consideration when designing 5G channel model. Although propagation in high frequency has been investigated quite extensively especially at 60 GHz, crucial characteristics such as non-line-of-sight (NLoS) path loss and penetration through a wall are still not well known. In the following, we briefly explain some frequency dependent propagation effects needing further study [4].
1.1.1   Reflection and penetration phenomenon
Generally speaking, the reflection and penetration phenomenon is frequency dependent because of the frequency dependent material properties, interference effects due to multiple reflections inside the slab, and frequency dependent roughness of the material boundaries. In [5], it is summarized that different materials commonly used in building construction have very diverse penetration loss characteristics. For example, common glass tends to be relatively transparent with a rather weak increase of loss with higher frequency, while materials such as concrete or brick have losses that increase rapidly with frequency. The current measured penetration loss results in indoor scenario are include in the figure below.
[image: ]
Figure 1 – 2.5 GHz, 28 GHz, and 60 GHz normalized material penetration losses from indoor measurements with common types of glass and walls lumped into common datasets.
1.1.2   Effect of surface roughness on reflection
Surface roughness is inversely proportional to the wavelength, which means that the effective surface roughness is proportional to the carrier frequency. Rough surface causes scattering, and smooth surface is a good reflector. Consequently, the ratio between scattering and reflection depends on the carrier frequency.
1.1.3   Diffraction from the edge/wedge
The diffraction phenomenon can be understood as a shielding of the Fresnel zone, thus it is frequency dependent. In [5], for the NLoS path loss of urban macro (UMa) scenario, the rate at which the loss increases with frequency does not appear to be linear, which could possibly be due to diffraction being a more dominating propagation mechanism at the lower frequencies. However, more measurements are needed to better understand the propagation features in UMa scenario.
1.1.4   Diffuse scattering
As radio frequency becomes high, wavelength becomes small, thus roughness of material or surface roughness should impact the property of scattering phenomenon. Scattering and diffraction cause diffuse propagation. On the contrary, “mirror-like” reflection creates specular propagation paths. The ratio between diffuse and specular waves is frequency dependent, and the exact value of the ratio is still under investigation.
1.1.5   Environment related attenuation
Attenuation caused by oxygen and water vapour, rain and vegetation [4]. To be specific, the oxygen attenuates signals by 15-20 dB/km, which would impact the received signal strength significantly for a long distance communication. Furthermore, it is reported that the attenuation caused by rain rate can be expressed as an equation with frequency as one of parameters. However, its impact on the small scale fading is still an open issue.
Proposal 3: The frequency dependent propagation effects should be studied.

Bandwidth
Many scenarios for 5G high frequency services postulate very high data rates up to several gigabits/second for user services. Such high throughput communications will require channels of commensurate wide bandwidth (up to several Giga-Hertz). The bands to be studied under ITU-R Resolution [3] have an extent of Giga-Hertz, even 10 GHz (e.g., 66 GHz – 76 GHz). The implication is for the possibility of allocating Giga-Hertz wide channels for operation and multi-Giga-Hertz to one operator. Therefore, the channel modeling should include scenarios for support of bandwidths up to several Giga-Hertz.
In addition, some of the key parameters in channel model are also highly bandwidth dependent. For example, based on our recently measurement in indoor scenario, we observed that the delay spread shrinks with increased bandwidth at either 28 GHz or 73 GHz., which can be vividly shown in the figure below.
[image: ]
Figure 2 – Measured delay spread with different bandwidths.
Proposal 4: The support for up to several Giga-Hertz bandwidth should be studied.

Spatial consistency
Spatial consistency means the channel evolves smoothly without discontinuities when the TX and/or RX moves or turns. It also means that channel characteristics are similar in closely located links, e.g., two close-by UEs seen by the same base station. The current most commonly used channel models are drop based, which means that the scattering environment is randomly created for each link. Therefore, the corresponding performance of spatial techniques like MU-MIMO is exaggerated, which is not the case in reality. Furthermore, as the density of links is expected to increase, it is even more important to model these links in a consistent manner. It is also useful to support mobility and beam tracking evaluation.
Proposal 5: Spatial consistency should be studied.

Blockage attenuation
It is noted in [5] that as the radio frequency increases, its propagation behaves more like optical propagation and may become blocked by interning objects. To be specific, two major categories of blockage are considered, i.e., dynamic blockage due to moving objects in the communication environment and geometry-induced blockage caused by objects in the environment that block the signal paths. Based on the measurement at 28 GHz done by HHI in Berlin, when dynamic blockage happens, more than 30dB additional path loss is observed. 
[bookmark: OLE_LINK1]Proposal 6: Blockage attenuation should be studied.

Support very large antenna arrays
For very large antenna arrays and massive-MIMO, the following parameters have to be modeled accurately: azimuth and elevation angles of paths, angle distributions, distance of the first/large bounce scatterer for non-planar wave, correlation distance of large-sc	ale parameters, and polarization.
Proposal 7: The support for very large antenna arrays should be studied.

Support dual mobility
Dual mobility in the D2D and V2V cases causes different Doppler models, different spatial correlation of large-scale and small-scale parameters than in the conventional cellular case. While in current channel models, the corresponding Doppler spectrum and characteristic fast fading distribution have not been extensively modeled, which needed to be improved in 5G channel modeling.
Proposal 8: The support for dual mobility should be studied.

[bookmark: _Ref129681832]Conclusions
In this contribution, we analyzed the necessary new features for higher frequency, and their potential impact on the overall system performance, based on which the following proposals were drawn.
Proposal 1: The channel model should cover the frequency range of 0.5 GHz to 100 GHz.
Proposal 2: The scalability of channel model in total frequency range [0.5 … 100 GHz] with a unified framework should be studied.
Proposal 3: The frequency dependent propagation effects should be studied. 
Proposal 4: The support for up to several Giga-Hertz bandwidth should be studied.
Proposal 5: Spatial consistency should be studied.
Proposal 6: Blockage attenuation should be studied.
Proposal 7: The support for very large antenna arrays should be studied.
Proposal 8: The support for dual mobility should be studied.
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LOS 25.6*exp(-12.3*BW)+11.09
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