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1 Introduction

An approach for a hybrid model composed of METIS map–based model [1] and geometry–based stochastic channel model (GSCM) is presented in this paper. The hybrid model has been implemented and an example channel model for a scenario aimed at testing of LTE small cell enhancements (for example Dual Connectivity) has been generated. The resulting channel model has been compared to the state of the art Anite Propsim 3D dynamic GSCM modelling tool with WINNER parameterization [2].  
An important aspect in this hybrid model construction is also to see whether the METIS map–based model implementation is extendable. The extension possibilities are many and this comparison shows a way. This method of implementation of hybrid model was chosen based on an R&D project in Anite (which is now part of Keysight Technologies). It does not necessarily represent the best way to construct a hybrid approach and the aim of this document is not to state that this hybrid model construction is the Anite’s preference in constructing the possible hybrid model.  
The METIS model is a newly established model and its implementation and verification process is still ongoing. Especially the method for hybrid modelling requires more study, but as this example case study shows, METIS model combined with a GSCM model shows already promising results. 
2 Scenario Description

The scenario layout is drawn on the Madrid grid (Figure 1) where UE route starts from small cell 1 service area and moves to small cell 2 service area. UE is expected to establish and maintain connection to macrocell to enable dual connectivity testing. LOS connection to macrocell is highly probable on the second half of the route. Small cell 3 is located further away and its purpose in this test scenario was to introduce interference.
Small cell BSs are placed on a wall of a building on two adjacent sides of one block. The small cell BSs have isotropic V-polarized antennas with 1 wavelength element spacing and the macrocell BS has X45 polarized directive and downtilted typical macrocell BS antenna. The small cell BS antenna heights are 10m and macrocell BS antenna height is 60m. Number of UE locations where cluster parameters are updated is 23. UE has two 45° slanted dipoles as antenna elements, element spacing is 0.5 wavelengths and antenna orientation is fixed to 135°. UE speed is 10 km/h.

[image: image1.emf]
Figure 1. Madrid grid scenario layout.
3 Description of 3D Dynamic GSCM Model

The geometry-based 3D dynamic stochastic channel model is based on a 3D extension of WINNER model [5], [6]. The Winner based drop concept is further enhanced to support dynamic modelling (UE movement) by introducing interpolation of small scale cluster parameters between the drops (UE locations in Figure 1). The cluster parameters are drawn based on selected WINNER scenarios to each location of the UE for each link. The WINNER scenarios are B1 (UMi) for small cells and C2 (UMa) for the macrocell. The shadow fading is generated based on the WINNER B1 and C2 parameters respectively. Path loss model is approximated by exponential model with exponent 2 for LOS and 3.5 for NLOS condition. 

The modelling of LOS/NLOS propagation condition for a dynamic scenario is problematic for a drop-based WINNER model. The importance of propagation condition is evident in testing of small cell environments where the existence of LOS path is highly probable on coverage area of a cell and sharp change of propagation condition and cell power occurs when moving around a corner to another cell’s serving area. The inter-cell correlation of propagation condition as well as other channel parameters is difficult to model realistically by a stochastic model. Therefore, in order to make the comparison of the GSCM and a map–based hybrid model fair, the propagation condition of the GSCM model was set manually based on the map for each link and position. For example for small cell 1, the propagation condition was set to LOS for positions 1-16 and NLOS for positions 17-23.

4 Description of Hybrid Model
The METIS map–based model is applied to calculate the propagation paths to each UE location for each link [1], [3]. The propagation path data is processed into form of small scale cluster parameters for the GSCM model. The cluster parameters are extracted by clustering the paths of the METIS model output into a smaller number of clusters (6 – 20) by applying a novel clustering and cluster tracking algorithm [4]. The cluster powers, delays, AoA, EoA, AoD, EoD and corresponding cluster angle spreads are extracted and fed as cluster parameters for the GSCM model. LOS path is not included in clustering and it has been modelled separately directly based on the GSCM model according to the LOS path power from METIS model. Cluster tracking is required in order to model each cluster continuously over the lifetime of the cluster. The cluster power is ramped up smoothly upon the birth of a cluster and ramped down smoothly upon the death of a cluster. After filling up the cluster parameters for each location and link, the resulting fading channel model is generated by the GSCM model similarly as described in the previous chapter. 
5 Comparison of channel model characteristics
The channel model scenario was run by both modelling approaches with exactly same BS and UE locations and antenna models and the resulting model characteristics are represented and compared below.
5.1 Large scale channel gain profiles
The instantaneous channel gains of each link are shown in Figure 2. The instantaneous channel gain represents a complex sum of the impulse response taps on each time instant. The large scale channel gain profiles of map–based hybrid and WINNER model show roughly similar behaviour. A major difference in the large scale power levels is with the gain of small cell 3, which is located far away behind the buildings. Map–based hybrid model indicates much higher path loss for this link. Another considerable difference is that the macrocell gain is much higher on first half of the route where propagation condition is NLOS. The first order diffraction over the rooftop and from the corner of the building block is dominating propagation mechanism in this case and the stochastic model is not able to take these into account. Especially when the UE becomes closer to building block corner, the macrocell gain starts to increase significantly already before entering the actual LOS state. The LOS state of WINNER model starts slightly later than Map–based hybrid also due to inaccuracy of manual LOS state configuration, but this doesn’t explain the power difference before 25 sec instant. The difference of LOS state timing can be observed by comparing the K-factors in Figure 4. The gain of the macrocell is surprisingly high in the beginning of the route compared to second half of the route where UE has direct LOS connection. This can be explained partly by the narrow beam macrocell antenna which “shoots over” the UE when UE is very close to macrocell. The macrocell antenna height is 60m, elevation domain half power beamwidth is 8° and downtilt is 7.5°.
[image: image2.emf]0 10 20 30 40 50 60 70

-120

-100

-80

-60

-40

-20

0

Channel Gain, UE antenna 1

Emulation Time [s]

Gain [dB]

 

 

Small Cell 1

Small Cell 2

Small Cell 3

Macrocell

[image: image3.emf]0 10 20 30 40 50 60 70

-120

-100

-80

-60

-40

-20

0

Channel Gain, UE antenna 1

Emulation Time [s]

Gain [dB]

 

 

Small Cell 1

Small Cell 2

Small Cell 3

Macrocell


Figure 2. Instantaneous channel gain BS antenna 1 to UE antenna 2 (co-polarization). Metis hybrid model on left and GSCM WINNER model on right. 
Note on the results in the figure above is given because the levels of the signals are close and even crossing the 0 dB limit. All the results are normalized to the highest gain, therefore the gains are relative numbers only. The zero level crossings are then the consequence of the fast fading. 
5.2 Small scale channel gain profiles
The small scale characteristics of the channel gain profiles differ clearly by the variance and rate of the fading process. The fading processes differ clearly in LOS state which can be partially explained by the higher K-factors of the map–based hybrid (Figure 4). The WINNER model doesn’t take into account the UE distance from BS and therefore for example for small cell 1, the K-factor is less than 0 dB when the UE is located across the street less than 25 m away from the BS. The WINNER model seems to provide higher random variation of K-factor and also the average level of K-factor is lower. The same phenomenon can also be observed by comparing delay spreads of Figure 5. It seems that the contribution NLOS clusters with WINNER is much stronger especially in LOS state. This can also be observed from cluster delay profiles in Figure 6 and Figure 7 where cluster powers are indicated by colour and also from the Doppler power spectrums in Figure 9 and Figure 9 which show that the Doppler is more spread with WINNER model. All these aspects indicate heavier fading for the WINNER model both in time (Doppler spread) and frequency domains (delay spread). 
The fading characteristics of the map–based hybrid show also slower fading process with deep fades over a cycle of few seconds. This type of fading characteristics cannot be modelled by WINNER fast fading or log-normal type slow fading processes. This type of fading is a consequence of complex sum of few dominant paths (or clusters with narrow angle spread), e.g., LOS path and ground reflection. Winner model doesn’t include specular paths/clusters with narrow cluster angle spread. 
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Figure 4. Instantaneous K-factor. Map–based hybrid model on the left and GSCM WINNER model on the right.
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Figure 5. Delay spread. Map–based hybrid model on left and GSCM WINNER model on right.
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Figure 6. Cluster delays of small cell 1. Map–based hybrid model on left and GSCM WINNER model on right.
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Figure 7. Cluster delays of small cell 2. Map–based hybrid model on left and GSCM WINNER model on right.
[image: image12.emf] [image: image13.emf]
Figure 8. Doppler power spectrum. Small cell 1. Map–based hybrid model on left and GSCM WINNER model on right.
[image: image14.emf][image: image15.emf]
Figure 9. Doppler power spectrum. Small cell 2. Map–based hybrid model on left and GSCM WINNER model on right.
5.3 Spatial consistency

The cluster delay profiles show that the random variation of cluster delays is much sharper with the WINNER model as the cluster delays of map–based hybrid model evolve mostly smoothly. The difference is even more obvious when comparing the time evolution of the angular cluster parameters as shown in Figure 10. This indicates that the spatial consistency of the deterministic METIS model is maintained with this type of hybrid modelling approach, while with the WINNER model, the cluster delays, angles and other parameters are updated randomly according to the WINNER distributions (though with correlated sigmas) with 5 or 10m step in this case. With map–based hybrid model, two close by located UEs (or two different positions of single UE) see same clusters whose properties change based on the layout as the distance between the UEs (or positions) changes. With the WINNER model, the delay and angle spreads evolve smoothly and angles and delays are updated with offsets to LOS path, but the offsets are randomly drawn based on the distributions. Therefore the two close by located UEs don’t see the same clusters, but they see similar type of propagation environment, which can be justified for example by smoothly evolving large scale power profiles, K-factors, delay spreads and antenna correlations. 
[image: image16.emf][image: image17.emf]
Figure 10. Example of cluster AoA time evolution. Map–based hybrid model on the left and GSCM WINNER model on the right.
5.4 Angular characteristics and antenna correlation

The angular characteristics of the two models show some similarities in the sense that the angle spreads are wide in NLOS state, and much narrower in LOS state. The dominant clusters are typically concentrated close to LOS path especially in LOS state. Therefore the antenna correlations, which are based on exactly same antennas and antenna orientations, show quite similar characteristics. A major difference is observed for small cell 3 BS antenna correlation, which is close to one for whole UE route with map–based hybrid model. This is caused by the narrow azimuth departure angle spread and direction of departure angles being close to 90° with respect to antenna array boresight, as the paths can only propagate through the street canyon with few dominant diffraction and reflection points. With WINNER model, the angle spread is wider and the cluster AoDs are concentrated around the LOS path which evolves approximately from 40° to 70° along the route. Another considerable difference is the macrocell antenna correlation in NLOS region. Both BS and UE antenna correlations are clearly higher with the map–based hybrid model. The diffraction over the rooftop and from the corner of the building block is dominating propagation mechanism in this case and therefore the angular spreads are much narrower compared to WINNER.
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Figure 11. BS antenna correlation. Map–based hybrid model on left and GSCM WINNER model on right.
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Figure 12. UE antenna correlation. Map–based hybrid model on left and GSCM WINNER model on right.
6 Conclusions
A case study of a map–based hybrid channel model scenario was presented and the channel model characteristics were compared to the state of the art GSCM channel model. Both models seem to provide high-quality channel models for multi-cell HetNet type of testing in urban environment. There are many similarities but also many clear differences between these models. One of the main differences in statistical characteristics of the models is that the NLOS components of WINNER model have stronger contribution and therefore the time domain fading (and also frequency domain fading) has higher variance and rate. Time and frequency domain selectivity is higher with WINNER. Angles of arrivals and departures vary randomly between positions with WINNER model and also delays have sharper changes between positions. This may not cause any problems as long as the changes are not too rapid and the angle and delay distributions remain reasonable. But it is clear that the map–based hybrid model provides much better spatial consistency and it reflects the underlaying layout realistically. This type of implementation of METIS hybrid model represents one example how hybrid implementation could be done and how it could be applied for a multi-cell test scenario. This type of multi-cell test scenario in urban environment requires realistic modelling of inter-cell correlation, especially for the (LOS/NLOS) propagation condition, which is not possible with purely stochastic model. The METIS model, with simplified ray-tracing approach, provides a perfect basis for combination with a GSCM model and this type of hybrid modelling can certainly improve the realism of the channel model. This example shows one possible method how to generate cluster parameters for a GSCM model based on the METIS model, but also different methods are possible and should be further studied and evaluated. Also other stochastic channel modelling methods are possible to construct a hybrid model with METIS model.
A late note: The map–based model implementation is still in development phase and it is being updated constantly. After generation of the map–based hybrid channel model presented in this paper, diffraction path strength calculation has been updated. This update decreased the diffraction path gains which could have had some effect also on the results presented in this paper.
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