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Map-based Hybrid Channel Model
[Editor’s note: In order to make the descriptions easy to be understood by people familiar with stochastic model, the document adopts the section structure similar to section 7, which is for stochastic model. ]
Map-based hybrid model is composed of a deterministic component following, e.g., METIS work [2] and a stochastic component following mainly the model described in section 7. The channel model methodology described in this section is an alternative to the methodology specified in section 7, and can be used to meet following purposes: 

· The performance evaluation/prediction is desired for certain specific deployment environments, for which the digital map is available;

· The impacts of environmental structures and materials to the high-frequency propagations are desired to be modelled more completely in the deterministic manner, rather than much simplified or even omitted based on stochastic emulation;  
· The performance evaluation/prediction is desired for certain features, which may not be supported by stochastic model.   
8.1
Coordinate system
The same coordinate system as defined in section 7.1 is applied. 
8.2
Scenarios

The same scenarios as in section 7.2 can be applied. 
8.3 
Antenna modelling
The same antenna modelling as defined in section 7.3 can be applied. 
8.4
Channel generation
The radio channels are created using the deterministic ray-tracing upon a digitized map and emulating certain stochastic components according to the statistic parameters listed in Table 7.x-x [Note: refer to the table used for stochastic-only methodology]. The channel realizations are obtained by a step-wise procedure illustrated in Figure 8.4-1 and described below. In the following steps, downlink is assumed. For uplink, arrival and departure parameters have to be swapped. 
 [Note: How to add the supports of blockage, large bandwidth and large antenna array in Figure 8.4-1 would take into account how the corresponding steps are decided in section 7 for stochastic-only model.]
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Figure 8.4-1: Channel coefficient generation procedure

Step-wise procedure:
Step 1: Set environment and import digitized map accordingly 
a)
Choose scenario. Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors 
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 as shown in Figure 7.x-x.
b)  Import digitized map according to the chosen scenario. The digitized map should at least contain the following information: 

· The 3D geometric information for each of major structures involving with buildings or rooms. The external building walls and internal room walls are represented by surfaces and identified by the coordinates of the vertices on each wall. 
· The material and thickness of each wall as well as the corresponding electromagnetic properties including permittivity and conductivity. 
· Random small objects in certain scenarios (e.g, UMi outdoor)

The format of digitized map, including additional information besides above-mentioned, is per implementation wise and out of scope of this description. 

Step 2: Set network layout, and antenna array parameters
a)
Give number of BS and UT. 
b)
Give 3D locations of BS and UT, and calculate LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), LOS ZOA (θLOS,ZOA) of each BS and UT in the global coordinate system

c)
Give BS and UT antenna field patterns Frx and Ftx in the global coordinate system and array geometries

d)
Give BS and UT array orientations with respect to the global coordinate system. BS array orientation is defined by three angles ΩBS,α (BS bearing angle), ΩBS,β (BS downtilt angle) and ΩBS,γ (BS slant angle). UT array orientation is defined by three angles ΩUT,α (UT bearing angle), ΩUT,β (UT downtilt angle) and ΩUT,γ (UT slant angle).

e)
Give speed and direction of motion of UT in the global coordinate system for virtual motion. It is FFS whether to support true motion of UT with the moving trajectory.
f)
Give system centre frequency/frequencies and bandwidth(s) for each of BS-UT links

Note: In the case of D2D link BS in this and the following steps denotes another UT.
Step 3: Apply ray-tracing to each pair of link ends (i.e., end-to-end propagation between pair of Tx/Rx arrays or pair of Tx/Rx antenna elements [Note: depending on how large antenna array is supported]). 
a)  Perform geometric calculations in ray-tracing to identify propagation interaction types, including LoS, reflections, diffractions, penetrations and scattering (in case the digitized map contains random small objects), for each propagation path. In general, some maximum orders of different interaction types can be set. 
The theoretical principles and procedures of geometric tracing calculations can be found in [2]~[9]. This description does not intend to mandate new concepts and/or procedures to the conventional ray-tracing algorithms; on the other hand, the implementation-based variations aiming to reduce computation complexity are allowed within limits of acceptable calibration tolerances.  
b)  Perform electric field calculations over propagation path, based on identified propagation interaction types (LoS, reflection, diffraction, penetration and scattering).  
The details of electric field calculation can be found in [2]~[9].
The modelling algorithms in geometry and electric field calculations for different propagation interactions are summarized in the table below.

	
	Geometry calculation
	Electric field calculation

	LoS
	Free space LoS
	Friis equation [7]

	Reflection
	Snell’s law with image-based method [3]
	Fresnel equation [3]

	Diffraction
	Fermat’s principle [8]
	UTD (assume up to [n] order diffraction) [9]

	Penetration
	Snell’s law for transmission through slab [4]
	Fresnel equation [3]

	Scattering (upon small objects)
	Omni-directional scattering [2]
	RCS-based scattering coefficient [2]


Table 8.4-1 Principles applied in ray-tracing

The outputs from Step 3 should at least contain following for each pair of link ends: 
· the LoS/NLoS flag to indicate whether a LoS propagation mechanism exists; 

· the number of deterministic propagation paths 
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 (also referred as deterministic clusters in Step 8. To avoid the unnecessary computation complexity, these 
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deterministic paths only include those paths whose powers are higher than 25dB below the maximum deterministic path power); 
· for each deterministic path (
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-th path sorted in ascending order of path delay): 
· the flag indicating whether the deterministic path is generated with scattering upon random small 
· objects;
· the normalized path delay 
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 to be the real propagation delay of the path);
· angles of departure 
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 and angles of arrival 
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;
· the power 
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 of the path;  
· the XPR 
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· to support for true motion, i.e. the case when a trajectory is specified for UT, a path ID is associated for each deterministic path. The same ID is associated for a path across a number of UT locations as far as 1) it has same interaction types in the same order and 2) its interactions occur in same walls or other surfaces. 
Step 4: Generate large scale parameters e.g. delay spread, angular spreads and Ricean K factor for random clusters. 
The procedures defined in Step 4 of 7.x.x are reused, with the following exceptions: 
· The shadow fading parameters are not generated in this step for hybrid modeling. 

· LoS/NLoS condition is determined by the LoS/NLoS flag obtained from ray tracing in Step 3. The same substitution of LoS/NLoS condition is applied throughout descriptions for map-based hybrid model, unless explicitly mentioned otherwise.    
Step 5: Generate delays (denoted as 
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The procedures defined in Step 5 of 7.x.x are reused, with the following exceptions: 

· The number of random clusters 
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 is configurable between 0 and the "number of clusters" given in Table 7.x-x.

Step 6: Generate powers (denoted as 
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The Step 6 includes following sub-steps: 

Step 6-1: Generate virtual powers (denoted as 
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) for random clusters based on delays generated in Step 5, by following Step 6 in section 7.x.x. 

Step 6-2: Generate virtual powers (denoted as 
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 of deterministic clusters that are generated in Step 3, by following Step 6 in section 7.x.x. 
Step 6-3: For 
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Step 7: Generate arrival angles and departure angles for both azimuth and elevation, for each random cluster.

The procedures defined in Step 7 of 7.x.x are reused, with the following exceptions: 

· FFS on whether and how the arrival/departure angles of a random cluster in NLoS condition are drawn with respect to the outcomes of ray-tracing in Step 3. Some options for ray-tracing outcomes to be used are given here. 

· arrival/departure angles of LoS direction (still in NLoS condition);

· arrival/departure angles averaged over all deterministic clusters obtained from Step 3;
· arrival/departure angles of the strongest deterministic cluster among the ones obtained from Step 3;  

Step 8: Merge deterministic clusters and random clusters. 

a)
During the merging, all deterministic clusters are maintained and only random cluster can be removed. The principle in random cluster removal is FFS. Some options are provided here:   
Option 1: Define the maximum number of two types of clusters as L. Then if 
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Option 2: Define the minimum delay difference between any deterministic cluster and random cluster as 
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. Then remove the random cluster whose delay difference from any deterministic cluster delay is less than 
[image: image27.wmf]min

t

. 

b)
After merging, maintain an attribute for each cluster to indicate whether the cluster comes from a deterministic cluster or a random cluster.

c)   After merging, remove clusters with less than -25 dB power compared to the maximum cluster power. This operation does not distinguish between deterministic cluster and random cluster. 

It can be FFS whether this step should take into account the cluster tracking and consequently the continuity in cluster selection process. [Note: The same question applies to stochastic-only model.]  
Step 9: Generate ray angle offsets inside each cluster.
The procedures defined in Step 7 of 7.x.x are reused. 
· [Notes: However, it remains FFS whether changes in this step are needed to enable spherical wave modeling in the support of very large antenna array. It is also FFS how/whether the cluster angle spreads of deterministic clusters are determined based on path interaction type and distance from first/last interaction point.] 
Step 10: Coupling of rays within a cluster for both azimuth and elevation

The procedures defined in Step 8 of 7.x.x are reused.

Step 11: Generate XPRs

The procedures defined in Step 9 of 7.x.x are reused, with the following exceptions:

· For deterministic clusters n with no scattering interaction on its pathway, the Gaussian random numbers (X) that are used to draw log-normal distributed XPRs to rays n,m have the mean value equal to the XPR obtained in Step 3, i.e., 
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 and  is as specified in the parameter table of stochastic model.
Step 12: Draw initial random phases

The initial phase for each ray follows the procedure defined in Step 10 of 7.x.x. 
Step 13: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.

The procedures defined in Step 11 of 7.x.x are reused (for virtual motion), with the following exceptions: 

· The cluster powers follow 
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 for deterministic clusters and random clusters, respectively, where the path loss and shadowing have already been taken into account.
The procedures defined in Step 11 of 7.x.x are reused for true motion, i.e. for the case where a trajectory is specified for UT, with the following exceptions:

· Cluster parameters determined in previous steps for each UT route point, as well as other geometrical parameters, are linearly interpolated to make the channel dynamic and time continuous. After the interpolation each parameter has time t as an argument, e.g. delay n(t) and power Pn(t).

· Parameters to be interpolated are: cluster power (in linear unit), delay, angles, XPR (in dB unit), K factor (in linear unit), antenna array orientations, UT speed.
· Path tracking for deterministic paths is applied based on path IDs associated in step 3. A birth/death behavior is implemented by setting linear power ramp up/down slopes (in linear unit) for clusters. Lengths of power ramp up/down slopes are FFS. Each random cluster at each route point has a unique path ID.

· For path lifetimes the coupling of rays within a cluster doesn’t change.
· The random clusters for every position should be regenerated from Step 3 to Step 12.

[Note: D2D and true motion are FFS.]
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