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Introduction
At the RAN #69 meeting [1], a new study item on channel model for frequency spectrum above 6 GHz was approved. After that, email discussion was held between RAN #69 and RAN #70 meetings and collected information on channel modeling activities and related results, and companies’ views on issues such as deployment scenario, spectrum bands of interest, modeling methodologies, additional features, etc. Summary of the email discussion was presented in [2] and discussed at the RAN #70 meeting. Based on the outcome of the email discussion, we present in this contribution high level views on channel modeling methodology.
Summary of Channel Modeling Methodologies
During the email discussion of [2], several companies provided information about ongoing activities on high frequency channel modeling, e.g., in IEEE 802.11 [3], EU projects of METIS [4] and MiWEBA [5], COST 2100 [6], NYU WIRELESS [7], and the channel generator QuaDRiGa [8] developed at the Fraunhofer Heinrich Hertz Institute. Recently at the GLOBECOM 2015 conference, multiple companies and universities jointly published a white paper [9], which provides a comprehensive description of high frequency channel models. In Table 1, we briefly summarize those channel modeling activities, w.r.t. the considered deployment scenarios, covered frequency range, and the modeling methodologies.
Table 1: Summary of Channel Modeling Activities/Outputs
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From the above summary, it can be identified that several channel methodologies was adopted by different channel modeling organizations/projects. Among them, the geometry based stochastic channel model (GSCM) is the most popular channel modeling methodology. The GSCM channel model has been widely used as a common channel modeling methodology. The 3D channel model [10], developed in LTE Rel. 12 in 3GPP, was based on GSCM. Considering a consistent channel model methodology between sub-6GHz channel model and above-6GHz channel model, the GSCM channel model methodology is preferred.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation: Considering the consistency with the existing 3GPP 3D channel model, it is preferred to adopt GSCM as the baseline channel modeling methodology for above-6GHz channel model.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Besides the GSCM channel model, other schemes are also considered in the literature. In IEEE 802.11, a ray-tracing based stochastic channel model is used. However, it only covers an indoor environment in the 60 GHz band. In the MiWEBA project, a quasi-deterministic channel modeling scheme is used, in which several strongest rays are modeled in a deterministic way, whereas weaker rays in reflecting waves are modeled randomly. In the METIS project, a map-based channel modeling scheme is introduced. Main motivation of developing newly a map based channel is to consider a more accurate and realistic spatial channel properties, by incorporating more realistic modeling components of the radio propagation environments. When setting up the scenario to derive the channel model, it will first determine the locations of buildings, generating a so-called map. For each specific deployment scenario, e.g., urban macro/micro cell, indoor office/shopping mall, highway, stadium, a layout of the buildings, roads can be predefined. Then, shadowing/scattering objects are added in a deterministic way which models more details of the building structures, or dropped randomly which models building-independent features, e.g., human body, vehicles on the map. After determining the positions of the transmitter and the receiver, one can then derive the radio propagation pathways, based on fundamental radio propagation properties and considering all components in the map which may cause shadowing/scattering. Typically each pathway will contain several segments due to the interaction with multiple objects during the radio propagation from the transmitter to the receiver. For each segment, detailed radio propagation models can be derived, e.g., the propagation delay can be derived from the length of the segment; fading coefficients can be determined depending on the interaction type, e.g., direct LOS, reflection, diffraction, or scattering. With the emulation of the realistic radio propagation, it is expected that map based channel model can provide a more accurate modeling for the massive MIMO and dual mobility study. However, establishing an accurate map and deriving the channels in propagation pathways are very involved procedures. This modeling complexity shall be carefully investigated, especially considering its impact to system level modeling and evaluation. The map based model is also a very new model which needs to be carefully digested and investigated. Therefore, adopting the entire map based modeling methodology for above 6GHz channel model in 3GPP will be very time consuming. Based on the above analysis, we make the following proposal.
Proposal 1: GSCM is used as the baseline channel modeling methodology for above-6GHz channel model. Selected features, studied in other channel modeling methodologies, can be used to improve the modeling accuracy, given that the necessity of the extension is very well motivated.
Based on the GSCM methodology, 3GPP has developed a 3D channel model [10], which supports 3D deployment scenario, 2D antenna arrays (uniform cross-polarized array and uniform linear array) and 3D characterization of radio propagation in the sub-6GHz band. Calibration of the 3D channel model implementations have been very well performed in RAN1. And this model has supported system level simulation in the elevation beamforming and FD-MIMO study item and work item. Therefore, 3GPP 3D channel model can be used as a baseline channel model for the development of GSCM based channel model for above 6GHz.
Proposal 2: Development of above 6GHz channel model is based on the existing 3GPP 3D channel model. The consistency between above 6GHz and sub 6GHz channel models shall be maintained.
GSCM based Channel Model Components 
The step-wise procedure of GSCM channel realization is composed by the following major steps:
· Set general parameters, e.g., scenario, LOS/NLOS condition, path loss and large scale parameters;
· Generate small scale parameters, e.g., delays, cluster powers, arrival and departure angles, coupling of rays, XPRs;
· Generate channel coefficients according.
Deployment scenario and the scenario modeling issue are discussed in our accompanying contribution [11]. In [12], we discuss suitable models for LOS probability and path loss. In [13] and [14], we present our measurement environments and results which are suitable for deriving the channel models for UMi and indoor scenarios. It shall be noticed that, during the RAN email discussion [2], additional features, e.g., spatial consistency, blockage loss/probabilities shall be considered. In [15], we present our views on the necessity and modeling methodologies for those additional features. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The white paper published in GLOBECOM 2015 [9] provides a more comprehensive summary of measurement campaigns and suitable models/parameters derived from the measurement results. Therefore, this reference can be used as a good starting point for RAN1’s study of channel model.
Proposal 3: Above 6GHz channel model work use the results in GLOBECOM 2015 white paper as a starting point.
Summary
[bookmark: _GoBack]In this contribution, we summarize the ongoing channel modelling activities in industry and academia, studied and compared channel modeling methodologies utilized therein. Based on our investigation, we make the following observation and proposals.

Observation: Considering the consistency with the existing 3GPP 3D channel model, it is preferred to adopt GSCM as the baseline channel modeling methodology for above-6GHz channel model.
Proposal 1: GSCM is used as the baseline channel modeling methodology for above-6GHz channel model. Selected features, studied in other channel modeling methodologies, can be used to improve the modeling accuracy, given that the necessity of the extension is very well motivated.
Proposal 2: Development of above 6GHz channel model is based on the existing 3GPP 3D channel model. The consistency between above 6GHz and sub 6GHz channel models shall be maintained.
Proposal 3: Above 6GHz channel model work use the results in GLOBECOM 2015 white paper as a starting point.
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Source Scenarios Freq. range Model
GLOBECOM 2015 WP | UMi, UMa, Indoor 0.5-100 GHz GSCM model
IEEE802.11 Indoor 57-64 GHz Statistical channel model
METIS2020 UMi, UMa, V2V/D2D, Indoor | Up to 86 GHz GSCM, Map-based, and hybrid
MiWEBA UMi 60 GHz Semi-deterministic, semi-stochastic
COST2100 UMi, Indoor 0.3,3.6-5.3GHz GSCM
NYU WIRELESS UMi, UMa, Indoor 28/38/60/73 GHz GSCM
QuaDRiGa, UMi, Indoor, 021, Dense 10/28/43/60/82 GHz GSCM
Fraunhofer/HHI (stadium), Backhaul





