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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed at RAN Plenary#69 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.
Based on the target of current SI, it is quite important to clarify the requirements for 5G channel model, especially in terms of frequency range above 6 GHz. Therefore, in this contribution, we analyze the new requirements for 5G channel model, where both functionality and modeling methodology related requirements are presented.  

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Functionality requirements for above 6 GHz channel model
Support for wide frequency range
The outcome of WRC-15 shows that there will be studies of bands in the frequency range between 24.25 and 86 GHz for possible future IMT designation [2]. 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 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 support frequency range of 0.5 GHz to 100 GHz.

Support for wide 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 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
Proposal 2: The support of up to several Giga-Hertz bandwidth should be studied.

Support for 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 [3]. Since the propagation effects is expected to significantly impact the system performance especially for a large frequency range, they should be well studied and included in 5G channel model.
Proposal 3: The frequency dependent propagation effects should be studied.

Support for spatial/time/frequency consistency
Spatial/time/frequency consistency means the channel evolves smoothly without discontinuities when the transmitter (Tx) and/or receiver (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. In the meantime, some features on the different bands should also be consistent, e.g., the line-of-sight (Los) / NLoS states for a certain link on different carriers should be same. Note 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.
Proposal 4: Spatial/time/frequency consistency should be studied.

Support for blockage attenuation
It is noted in [4] that as the radio frequency increases, its propagation behaves more like optical propagation and may become blocked by interning objects. Based on the measurement at 28 GHz done by HHI in Berlin, when dynamic blockage happens, more than 30dB additional path loss is observed. Such sudden and huge attenuation would probably lead to significantly signal strength reduction, which would definitely impact the link performance obviously. Therefore, blockage attenuation should be studied in 5G channel model.
[bookmark: OLE_LINK1]Proposal 5: Blockage attenuation should be studied.

Support for 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-scale parameters, and polarization.
Proposal 6: The support of very large antenna arrays should be studied.

Support for 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 7: The support for dual mobility should be studied.

Modeling methodology requirements for above 6 GHz channel model
[bookmark: OLE_LINK9]Support for low complexity and high accuracy
Densification, wide bandwidth and more antennas typically are three major deployment solutions to improve the overall system performance to achieve the requirement of future networks. However, all these three factors mentioned above would definitely lead to computation burden of channel coefficients, as more link information and processing procedures are expected to derive these coefficients in the mentioned multiple and wide-range domains. Therefore, we should keep the complexity of 5G channel model at acceptable levels, and in the same time, high accuracy should also be met to validate the evaluation results which would later be used for system design and optimization.
Proposal 8: The support for low complexity and high accuracy should be studied.

Support for unified modeling methodology framework
Due to the wide range of potential spectrum studied in 3GPP, and multiple deployment scenarios where diverse applications may be deployed, it is preferred to use a unified modeling methodology framework to make the performance comparison of different solutions fairer and easier. In this way, we can minimize the impact of different models on the system performance, and in the same time, achieve scalability and flexibility of applying this model for different spectrum range and scenarios. Therefore, the support for unified modeling methodology framework should be studied for above 6 GHz channel model, and this framework should cover total frequency range even below 6 GHz and total scenarios.
Proposal 9: The support for unified modeling methodology framework applicable to total frequency range and total scenarios should be studied.

[bookmark: _Ref129681832]Conclusions
In this contribution, we analyzed the new requirements for 5G channel model in terms of both functionality and modeling methodology related requirements, based on which the following proposals were drawn.
Proposal 1: The channel model should support frequency range of 0.5 GHz to 100 GHz.
Proposal 2: The support of up to several Giga-Hertz bandwidth should be studied. 
Proposal 3: The frequency dependent propagation effects should be studied.
Proposal 4: Spatial/time/frequency consistency should be studied.
Proposal 5: Blockage attenuation should be studied.
Proposal 6: The support of very large antenna arrays should be studied.
Proposal 7: The support for dual mobility should be studied.
Proposal 8: The support for low complexity and high accuracy should be studied.
Proposal 9: The support for unified modeling methodology framework applicable to total frequency range and total scenarios should be studied.
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