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A Study Item (SI) to study channel models for frequency spectrum above 6 GHz was agreed in the RAN Plenary#69 meeting in Phoenix in September 2015 [1]. The aim of the SI is to develop a channel model to enable feasibility studies for 5G using high frequency spectrum ranging from 6 GHz to 100 GHz.  A further aim of the SI is to consider possible implications of the new channel model on the existing 3D channel model for below 6 GHz.
In this contribution, different channel model methodologies are reviewed in terms of their suitability for 5G system simulations and performance for spectrum above 6 GHz.   After reviewing the various model capabilities it seems that additions will be required to the models to accurately support 5G features in the high frequency spectrum.  These features include – but are not limited to: wide frequency range, wide bandwidth, spatial and frequency consistency, dual mobility, 3D, blockage modeling, and large antenna array support.  As a way forward it seems that extensions to the existing stochastic models or a hybrid of stochastic and map based modeling tools may be required.  
In considering channel models it should be noted that their accuracy in representing the real physical channels is critical to the usefulness of the models for evaluating system behavior and performance.  A channel modeling methodology chosen for system evaluations should have demonstrated good agreement with real channel measurements.  It is expected for example, that the new channel models will better represent the mmWave channels than the existing models.    

Candidate Methodologies
This section summarizes briefly the standardized and non-standardized MIMO channel models.   These model families include: 
a) geometry-based stochastic channel models (“GSCM”), 
b) correlation matrix-based channel models, 
c) hybrid channel models, and 
d) map-based channel models.

The current state-of-the-art standardized channel model is the “3GPP 3D” model [2]. The 3GPP 3D model belongs to the family of Geometry-based Stochastic Channel Models (GSCMs), which was first standardized by 3GPP/3GPP2 as the Spatial Channel Model (SCM) [3]. This model has been designed for LTE/LTE-Advanced (4G/4.5G systems), and its main improvement is that it includes user distance and height dependent elevation angle-of-departure for elevation beamforming. This model was further developed by WINNER II [4], IMT-Advanced [5], WINNER+ [6], Quadriga [7] and the stochastic model part of METIS [8]. The ITU report [5] defines channel models for 4G system evaluations, and the model was adopted by 4G proponents such as 3GPP and WiMAX Forum. The GSCM family has its roots in the COST 259 project.
In all of the GSCMs, the channel parameters are determined stochastically, based on statistical distributions of large scale and small scale parameters derived from numerous channel measurements. The parameters are randomly drawn according to the statistical distributions for each “drop” of users. The models are antenna independent, i.e. different antenna patterns can be embedded into the same propagation model. For each drop, the channel is stationary (i.e. only fast fading occurs). Each drop has a different realization of large scale and small scale parameters, which means that the channel is discontinuous between drops. Different propagation scenarios (e.g. Urban, Suburban, Rural, and Indoors) are modeled by using the same approach, but with different parameters.  The GSCM techniques have been useful in estimating system capacity (number of users and bit-rates) for wide area deployments and have the advantage that they are derived from measurements of real channels.     
In addition to the GSCM family, there are some other standardized MIMO channel models. The IEEE 802.11 Task Group n (TGn) defined correlation matrix based channel models [9], and TGac extended the TGn channel models to support wider bandwidth, higher order MIMO and MU-MIMO [10]. More recently, IEEE has been working on millimeter wave channel models in TGad [11].
In the COST 2100 model [12] clusters (i.e. scattering objects) are defined as being present in the environment and are not specific to single links. Each cluster has a visibility region, and is visible to the UEs located inside its visibility region. This enables closely located users to see partly similar environments. Also spherical waves and smooth time evolution of the channel is supported because the clusters have their physical locations. This aspect of the COST2100 model differs from the WINNER / IMT-Advanced models and was developed to provide estimates including spatial/temporal consistency. 
Like the WINNER family, the COST 2100 model is also designed for cases where one end of the link is fixed, and thus is not adequate for all 5G propagation scenarios (some of which may include mobiles at both ends). Furthermore, parameterizing the COST 2100 model to different environments is challenging, because the cluster characteristics are not easily extracted from propagation measurements. COST IC1004 has done significant work on 5G channel modelling. Their results will be published in the final report of the project later in this year (2016).
The EU research project METIS defined 5G channel models in the deliverable D1.4 on 28th February 2015 [10], and its updated version 3 on 14th July 2015.  The METIS channel models consist of a map-based model, a stochastic model, and a hybrid model derived from both. The map-based model is based on ray tracing using a simplified three dimensional geometric description of the propagation environment. This model takes the significant propagation mechanisms, such as diffraction, specular reflection, diffuse scattering, and blocking, into account. The stochastic model is extended from the Geometry-based Stochastic Channel Model (GSCM) family, i.e. 3GPP SCM, SCME, WINNER, WINNER II, IMT-Advanced Primary Module, WINNER+, and 3GPP 3D channel models. The hybrid model provides a flexible and scalable channel modeling framework combining aspects of the map-based and stochastic techniques. For example, shadowing attenuation may be calculated from the map, but small-scale fading is stochastic. This makes it possible to do spatially consistent simulations with reasonable complexity. However, the extensions of GSCM proposed in METIS require further work in terms of implementation and validation. The map-based model extensions are spatially consistent, but also require further work in terms of implementation and complexity.  Map based models, for example, may require details in the map that are of the order of the wavelengths to accurately represent the channel and thus may become excessive for mmWave channels (i.e.  few millimeters of map resolution). 
The European research project MiWEBA developed a millimeter wave channel model in the deliverable D5.1 in June 2014. It proposed the quasi-deterministic (Q-D) model to capture the dominant millimeter wave propagation mechanisms, including specular reflection, diffraction, blockage, etc. The model is based on a superposition of a few quasi-deterministic strong rays (D-rays) and a number of relatively weak random rays (R-rays). The main scenarios of MiWEBA are open area (university campus), street canyon, and hotel lobby. In addition to access link, direct device-to-device (D2D) and backhaul links are also supported. The ultimate goal is to define a channel model from 6 to 100 GHz, but in practice MiWEBA has focused on the frequency range from 57 to 66 GHz.
The strongest propagation paths (D-rays) are calculated from the geometry of the environment and locations of Tx and Rx. Signal power is calculated in accordance to theoretical formulas taking into account free space losses, reflections, polarization properties, and UE mobility effects. The D-rays may be LOS path, ground reflection, and reflections from the nearest walls.  The MiWEBA model can be considered as a combination of map-based and stochastic models.
Correlation matrix based models (such as i.i.d. and pre-defined correlation matrices) are considered to be useful for theoretical studies and signal processing algorithm development, not necessarily system evaluation in which antenna arrays and user locations play important roles. Physical interpretation of the correlation matrix based models is rather unclear. The, correlation matrix based models are considered here to be less developed and hence are not included in the review in this contribution.

Comparison of the Candidate Methodologies
The following Table 1 lists how the different models support the required features for 5G system simulations. The elements of the table have been derived from the published literature at the time of preparation of this contribution, and hence may be incomplete.  3GPP RAN1 members are encouraged to review and update the table entries.

[bookmark: _Ref441612281][bookmark: _Ref442099030]	Table 1. Comparison of Candidate Methodologies	
	Feature / attribute
	GSCM
	Mixed / hybrid
	Map- based / ray tracing

	
	3GPP SCM
	WINNER II
	WINNER+
	IMT-Advanced
	3GPP 3D
	METIS stochastic
	IEEE 802.11ad
	MiWEBA Q-D
	METIS hybrid
	METIS map-based
	Ray Tracing***

	Frequency range (GHz)
	1 – 3 
	1 – 6 
	1 – 6 
	.45 – 6 
	2 – 3.5 
	up to 70
	60 – 66 
	57 – 66 
	up to 70
	up to 100
	up to 100 or beyond

	Bandwidth (MHz)
	5
	100
	100
	100
	100
	up to 1000
	2000
	800?
	up to 1000
	10% of the carrier frequency
	10%?

	Path loss model
	separate empirical path loss model (incl. shadowing)
	implicit

	Support 3D
	no
	no
	yes
	no
	yes
	yes
	no
	yes
	yes
	yes
	yes

	Support MMIMO
	no
	no
	no
	no
	no
	limited
	yes
	yes
	limited
	yes
	yes

	Support spherical waves
	no
	no
	no
	no
	no
	no*
	no
	yes
	no*
	yes
	yes

	Support extremely large arrays
	no
	no
	no
	no
	no
	no
	no
	yes
	partly
	yes
	yes

	Support dual mobility
	no
	no
	no
	no
	no
	limited**
	no
	yes
	limited**
	yes
	yes

	Support spatially consistent mesh networks
	no
	no
	no
	no
	no
	no
	no
	yes
	limited
	yes
	yes

	Dynamic modeling
	no
	very limited
	very limited
	no
	no
	no
	limited
	yes
	no
	yes
	yes

	Spatial consistency for shadowing
	no
	no
	no
	no
	no
	yes
	no
	yes
	yes
	yes
	yes

	Spatial consistency for MU-MIMO
	no
	no
	no
	no
	no
	limited
	no
	?
	limited
	yes
	yes

	Complexity
	low
	medium
	medium
	medium
	medium
	medium
	medium
	medium
	high
	high
	very high

	Backward compatibility with IMT-A
	n/a
	n/a
	n/a
	yes
	yes
	yes
	no
	no
	no
	no
	no

	Parameterization from measurement data
	yes
	yes
	yes
	yes
	yes
	yes
	partly
	partly
	partly
	no
	no


* Possible, if a cluster location is fixed
** Spatially consistent LSPs
*** Ray tracing is often a commercial software package in which the implementation details are unknown.

In reviewing the factors in the Table 1, it seems that none of the existing models fully addresses the propagation factors for modeling 5G systems, particularly for frequencies above 6 GHz. For example, while the Map-based models address the spatial consistency and large array problems, their complexity and accuracy may be an issue.  Suitable representative maps may also not be available with sufficient detail for mmWave modeling.  The Stochastic models will also require significant improvements to address spatial consistency and antenna arrays. If all these items can be solved, the extended stochastic model could be a good candidate model for 5G system evaluations. If sufficient extension of stochastic model is not available, other options could be, e.g. hybrid model or map-based model.
Observation 1: None of the existing channel models is perfect for 5G studies.
Observation 2: Map-based modeling seems to fulfill some of the technical requirements for 5G, but the complexity, backwards compatibility[footnoteRef:1], and availability of suitable maps are known issues. [1:  i.e. with existing 3GPP models] 

Observation 3: Stochastic modeling requires mandatory extensions before it can be considered as suitable for 5G. If those extensions can be developed and verified, the model could be a good and practical candidate for 3GPP 5G usage.
Observation 4: Hybrid modeling seems to correct some problems of the stochastic model, but the techniques are less mature. Backwards compatibility may also be an issue. Final recommendation on the hybrid models is FFS.
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution has briefly reviewed different methodologies and channel models that are being considered for 5G channel modeling (for frequency bands above 6 GHz). Based on the review, we understand that none of the existing models is perfect for 5G studies. When extended to include all the requirements for channel features, the extended stochastic model could be a good candidate for 5G system evaluations.  If extension of stochastic model is not sufficient, RAN1 should consider other options as well, for example the hybrid model or map-based models.

Proposal
As a way forward: 
Proposal 1: Different candidate methodologies shall be fairly evaluated by RAN1 based on technical grounds and their accuracy in representing actual channel measurements.  It is expected for example, that the new channel models will better represent the mmWave channels than the existing models.

Proposal 2: Table 1 of this contribution is taken as a starting point for the evaluation.

Proposal 3: The selected methodology shall include all the key requirements of 5G channel model including: wide frequency range, wide bandwidth, spatial and frequency consistency, dual mobility, 3D, blockage modeling, and large antenna array support.

Proposal 4: Further analysis on the map-based and hybrid models should be provided.

Proposal 5: Proposals for extensions of stochastic channel models should be provided.
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