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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In [1] and [2], the scenarios and requirements for >6 GHz channel model are discussed. Based on our analysis, none of the existing 3GPP channel models can meet the requirements in full. Nevertheless, it has been proposed that the 3GPP 3D channel model [3] - which is based on SCM and WINNER+ principles - will be used a starting point [4]. As a minimum, it would mean defining channel model parameters for higher frequencies. In addition to the frequency range, there are many other aspects which question the suitability of the 3GPP 3D model for the 5G system simulations. In 5G both transmitter and receiver may be in arbitrary locations, the bandwidth may be much wider, and the carrier frequency band may be much higher. Also, the number of users may be very high, and antenna constructions could include hundreds of antenna elements. The scenarios cover not only UMi and UMa, but many other as well [1]. To support these kinds of scenarios, the channel model should be consistent in the spatial domain and across different frequency bands. More detailed analysis on the gap between the 3GPP 3D channel model and the new requirements are given in this contribution.

2. [bookmark: _Ref129681832]Requirements
Some of the key requirements for 5G channel models are listed below [1], [2], [4], [5]:
· Support different scenarios such as urban micro-cell, urban macro-cell, indoor office, shopping mall, highway, stadium, etc.
· Support very high user density
· Support different link types and network topologies
· Frequency range: 0.5 – 100 GHz, spectrally consistent model across different frequency bands
· Bandwidth: up to 2 GHz
· Spatial consistency
· Support very large antenna arrays
· Support dual mobility, moving base stations, and moving environment
· Improved path loss and shadowing modeling
· Blockage modeling 

More detailed requirements discussion can be found from [2].

3. Deficiencies of 3GPP 3D channel model
The 3GPP 3D model belongs to the family of Geometry-based Stochastic Channel Models (GSCMs), which was first standardized by namely 3GPP/3GPP2 as Spatial Channel Model (SCM) [6], and further developed by WINNER II [7], IMT-Advanced [8], WINNER+ [9], QuaDRiGa [10], and the stochastic model part of METIS [5].  In all of the GSCMs, the channel parameters are determined stochastically, based on statistical distributions extracted from channel measurements. Different propagation scenarios are modeled by using the same approach, but different parameters. As the models are designed for cellular communication between a fixed base station (BS) and a mobile station (MS), they are not as such applicable to situations where both link ends can be at arbitrary locations, like D2D or in case of moving base station, or even ultra-dense deployment, where closely located BSs and/or MSs see partly the same environment. Another known defect of the GSCM approach is the lack of support for spherical waves and consistent modeling of closely located users. In particular, poor realism is provided when high spatial resolution is needed for e.g. massive MIMO and pencil beamforming [5]. 

Deficiency #1: Scenarios
3GPP 3D model is designed for three scenarios: urban micro-cell (3D-UMi), urban macro-cell (3D-UMa), and urban macro-cell with high-rise buildings (3D-UMa-H). It is assumed that 5G will be used in variety of environments, for example stadium, indoor, urban open square, vehicular environments, etc. Therefore the 5G model should cover more scenarios than the ones covered by 3GPP 3D. For example, IEEE 802.11ad covers three different indoor scenarios, and METIS defines channel models for nine different scenarios.

Deficiency 1: 3GPP 3D channel model supports three scenarios: 3D-UMi, 3D-UMa, and 3D-UMa-H. It is not sufficient for 5G.

Deficiency #2: Frequency range
The frequency range of 3GPP 3D model is limited to LTE / LTE Advanced bands: “The applicable range of the 3D channel model is at least for 2-3.5 GHz” [3]. The predecessor of the model, WINNER+, has been designed for the frequency range up to 6 GHz. None of them supports frequencies above 6 GHz. Despite the fact that different organizations have proposed higher frequency parameters for the WINNER+ / 3GPP 3D channel model framework (28 GHz [11], 60 GHz [5], 73 GHz [12]) there is no guaranteed consistency across different bands. The parameterization done for the different bands is based on independent and different measurement campaigns and is therefore not directly comparable.
In addition to the increased contiguous bandwidth, the 5G channel model should support much wider non-contiguous bandwidth. In 5G design, it is possible that the 5G system or base stations work on several frequency bands that are far apart from each other, e.g., work on 3.5 GHz and 70 GHz. In this case, the channel parameters need to have spectrum consistency. For example, if one link is line-of-sight at 3.5 GHz, it will also be line-of-sight at 70 GHz. For the delay, AoA and AoD, etc. of each path, it is also important to keep spectrum consistency. However, current 3D channel modeling framework does not include such consistency consideration.

Deficiency 2: The 3GPP 3D channel model supports 2 – 3.5 GHz, and the GSCM family up to 6 GHz only. It is not sufficient for 5G.

Deficiency #3: Bandwidth
Original SCM model was developed for 5 MHz bandwidth only. WINNER extended it to 100 MHz, and the bandwidth of 3GPP 3D model is also 100 MHz. The 5G would require up to 2 GHz bandwidth (above 6 GHz). The increased bandwidth increases the delay resolution and therefore much more sub-rays can be resolved in delay domain, with finer granularity, e.g., 1 ns. Due to the increased delay resolution, the clustering approach may be questioned.

Deficiency 3: The existing 3GPP 3D model supports bandwidths up to 100 MHz. It is not sufficient for 5G.

Deficiency #4: Spatial Consistency
Spatial consistency is crucial in 5G simulations. When the channel is spatially consistent, it evolves smoothly without discontinuities when the transmitter, receiver, or scatters move. Spatially consistent channel is needed not only in the case of mobility, but also in the case of ultra-dense network (different radio links share the same propagation objects). Moreover, spatial consistency is important in evaluation and comparison of different cell sizes and network topologies, as well as distributed antennas.

Spatial consistency of Large Scale Parameters (LSPs)
Spatial consistency of LSPs is handled via autocorrelation of the LSPs. Between two closely located users, the LSPs should be correlative. However, two users far apart each other do not see the same LSPs anymore.
In 5G systems, both transmitter and receiver may be in arbitrary locations (e.g. D2D/V2V case or moving base station). In the GSCM models spatially consistent correlation of LS parameters (e.g. shadowing) could be calculated by pre-calculating a map of each location (x, y, z) of the simulated world. If both TX and RX are located in a random location, the required map is 6-dimensional (6D) in which the TX location is determined by (x1, y1, z1) and RX location by (x2, y2, z2). Since all combinations of TX and RX could be possible, the calculated map should be 6D (x1, y1, z1, x2, y2, z2) [5], [13]. This would lead to a memory problem very quickly. For example, if the number of possible positions in x and y axes is 500 and the number of possible positions in z axis is 50, the number of the elements in the 6D-map is 500^4*50^2 = 1.5625*10^14. This is too much in practice.

Deficiency 4: The existing 3GPP 3D model supports spatially consistent LSPs, but the memory consumption will become a problem in D2D and V2V cases.

Spatial consistency of Small Scale Parameters (SSPs)
When two users (or a single user in two different time instants) are located far away from each other, the current 3GPP 3D channel model assumes propagation environments to be independent. LSPs and SSPs are randomly and independently drawn based on the same distributions (if the same propagation scenario is used). It may be a good approximation. 
When two users (or a single user in two different time instants) are located in the same position or very close to each other (max a few wavelengths apart), we may use the same LSPs and SSPs for both users. (In that case, we should use the same phase center for both users, and the phase difference between the signals is calculated from the AoA and antenna location relative to that phase center.)
[image: ]
[bookmark: _Ref427588258]Figure 1. Multiple users share the same cluster (same elevation angle of departure).
When two users (or a single user in two different time instants) are located nearby, the current 3GPP channel model still randomly draws the LSPs and SSPs. Even if the LSP correlation is well controlled, the SSPs may be different. This leads to spatially inconsistent SSPs. It is important to understand that when the users are closely located, they may see partially the same clusters. Figure 1 illustrates that kind of situation: all three users share the same EoD. Random angle of elevation per user would lead to overoptimistic simulation results. Therefore, we need more deterministic angle of elevation – or at least a methodology for creating shared clusters for the stochastic model.

Deficiency 5: The existing 3GPP 3D is spatially inconsistent.


Deficiency #5: Large Array Support
Due to the high path loss in high frequency and the stringent 5G performance requirements, using of large antenna arrays (beamforming and/or Massive-MIMO) will be mandatory. Therefore, the channel model should support them.
· Massive MIMO systems will employ a high number of antenna elements, and they are located over several wavelengths in space. Traditional GSCM model (also 3GPP 3D) assumes same propagation conditions (plane wave, angle of arrival) over all antenna elements. However this approximation becomes inaccurate when the number of antenna elements increases.
· 3GPP 3D model assumes Laplacian power angular spectrum (PAS) may be adequately modeled by 20 equal amplitude sinusoids (see Figure 4 left). This approximation may be sufficient for small arrays. However, large arrays have accurate angular resolution, and they will see each sinusoid as a separate specular wave, which is non-physical.
· In the 3GPP 3D channel model, the pairing between azimuth and elevation angles is done randomly, i.e. each azimuth angle is randomly paired with an elevation angle, and the total number of sub-rays is still 20. Different realizations provide different pairing of elevation and azimuth angles.
· In addition to spherical wave effect and other problems mentioned above, very large arrays may see different propagation effects in two ends of the array.

Deficiency 6: The existing 3GPP 3D model does not support large antenna arrays. 

Deficiency #6: Dual Mobility Support
Dual-mobility means that the both link ends move simultaneously and independently. Testing and simulating of direct device-to-device (D2D), vehicle-to-vehicle (V2V), and moving base station scenarios would require dual-mobility models. Dual-mobility scenarios are often affected by moving scatters as well. This is especially important in safety critical V2V communications.
3GPP 3D model doesn’t support dual-mobility (D2D, V2V, moving base stations). 3GPP has modeled dual mobility by adding velocity vector to both Tx and Rx in [14]. However, this model doesn’t take spatial consistency and moving environment into account. Additionally, 3GPP assumes uniform angle of arrival and omni-directional antenna pattern. These simplifications don’t necessarily reflect reality. Technically it would be easy to implement non-uniform AoA and more realistic antenna patterns at both Tx and Rx.

Deficiency 7: The existing 3GPP 3D channel model does not support dual mobility (D2D, V2V, moving base stations).

Other deficiencies
In addition to the above Deficiencies #1 … #7, there are many other deficiencies as follows. These are just mentioned briefly here since the Deficiencies #1 … #7 are proposed as high priority deficiencies.
· Deficiency #8: LOS Probability. 
LOS probability modelled by functions with parameters for different terrain types , BS or UE heights etc. do not fulfil the criterion of spatial consistency, as they abstract from the actual spatial layout.
· Deficiency #9: Specular Reflection
Several propagation measurements, especially in higher frequencies above 6 GHz, have shown that a strong specular reflection often dominates NLOS channel. However, GSCM models include only LOS and multi-bounce scattering.
· Deficiency #10: Path Loss Models
In millimeter-wave, oxygen, water vapor and rain effects should be taken into account in path loss modelling. They are missing from the current 3GPP 3D channel model.
3GPP 3D models support only one type of NLOS. In mm-wave, only “good” NLOS can be measured, i.e. there is relatively strong signal power. In highly shadowed areas, the signal cannot be detected. Those areas are usually ignored in path loss modelling. It is risky to use that kind of model in system simulations.
3GPP 3D channel models the power is scaled to isotropic antenna. The effect of narrow-beam antenna (usual in mm-wave) should be taken into account.
· Deficiency #11: Shadowing
Body shadowing will be an important effect on mm-waves, but it is currently not taken into account in 3GPP 3D model. Additionally, very large scale power variation due to large buildings, hills etc., is usually not measured and modelled at all.
· Deficiency #12: Blockage
In mmWave, the number of significant paths might be limited. And due to people walking, and vehicle moving, it is possible that one of the dominant paths is blocked.
· Deficiency #13: Drop Concept (Block Stationary Channel)
In current 3GPP 3D model, the large scale parameters do not change in one drop, which will make it difficult to evaluate some key technologies such as beam-tracking. Transition scenarios, in which a user is moving from an environment to another, are not taken into account in the basic 3GPP 3D model.
· Deficiency #13: Cluster Definition
The clusters in general are designed for UHF cellular systems with certain limitations in delay and angular resolution. There is no guarantee that the same assumptions are valid for higher frequencies, higher bandwidths, and higher angular resolutions of antennas.
· Deficiency #14: LSP Correlation Error
Cross-correlation of LSPs will impact the autocorrelation.
· Deficiency #15: Path Number
 In 3GPP 3D model, the number of paths are fixed in the model. However, in mmWave, it is possible that the number of paths is limited, and would vary between different links. In this case, the number of paths needs a more random model.
· Deficiency #16: Moving Environment
3GPP 3D channel model assumes fixed environment. In real world, vehicles and people affect Doppler spread and signal level variation of multipath components.
· Deficiency #17: Diffuse Propagation
Accurate modeling of diffuse scattering and the power ratio between specular and diffuse propagation is important aspect.

Observation: The existing 3GPP 3D has numerous other deficiencies (#8 - #17) as well.

Proposal: All the deficiencies will be taken into account when specifying the 3GPP 5G channel model.

4. Conclusions
The existing 3GPP 3D channel cannot support key new features due to the following identified deficiencies.

Deficiency 1: 3GPP 3D channel model supports three scenarios: 3D-UMi, 3D-UMa, and 3D-UMa-H. It is not sufficient for 5G.

Deficiency 2: The 3GPP 3D channel model supports 2 – 3.5 GHz, and the GSCM family up to 6 GHz only. It is not sufficient for 5G.

Deficiency 3: The existing 3GPP 3D model supports bandwidths up to 100 MHz. It is not sufficient for 5G.

Deficiency 4: The existing 3GPP 3D model supports spatially consistent LSPs, but the memory consumption will become a problem in D2D and V2V cases.

Deficiency 5: The existing 3GPP 3D is spatially inconsistent.

Deficiency 6: The existing 3GPP 3D model does not support large antenna arrays.

Deficiency 7: The existing 3GPP 3D channel model doesn’t support dual mobility (D2D, V2V, moving base stations).

Observation: The existing 3GPP 3D has numerous other deficiencies (#8 - #17) as well.

Proposal: All the deficiencies will be taken into account when specifying the 3GPP 5G channel model.

5. Proposal

Proposal: All the deficiencies will be taken into account when specifying the 3GPP 5G channel model.
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