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1 Introduction

This contribution is the enlargement and continuation of the cite [1]. It is strongly recommended that the reader first walks through that general level description of the hybrid model because those ideas are not repeated here.  

This contribution is the Keysight view on the map–based hybrid model implementation. The two parts of the implementation are 1) the deterministic propagation path calculation in the given environment (map) and 2) the stochastic additions on top of the deterministic part. This contribution contains also an example simulation case. In the last meeting (RAN1 #84) Keysight already presented the contribution titled Map–Based Hybrid Model Compared to Geometric–Based Stochastic Model [2]. The hybrid model of [2] was based on clustering the calculated rays from the METIS map–based implementation. That is the way how the measurement results are translated to a channel model. The same environment layout is used also here but now the cluster centroids are chosen among the deterministic model paths to avoid the clustering step. The same commercial tool called GCM Tool from Anite (it is a GSCM model) is used for the end result calculation [3]. The use of the GCM Tool saves time in developing the concept.  
The contribution is prepared together with ZTE but the two companies present in this meeting their own contributions regarding the details of the map–based hybrid model. The differences of these contributions are in details. These details are aimed to be agreed until the next meetings. 

2 Scenario Description of Simulation Example
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. The UE route is sampled with 5 or 10 m sample interval, which results as 23 route points in this case. The deterministic path calculation is run on each of these points and for each link, thus it is not necessary to have high sample density for the deterministic path calculation. UE is expected to establish and maintain connection to the macrocell to enable dual connectivity testing. LOS connection to the 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 with 1m distance from the wall. The wall reflections are included in the simulation model. 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. 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 Deterministic Model
Propagation pathways from all four base stations to the UE for 23 locations via multiple interactions are determined. A pathway contains the trajectory of the path and interaction types along the path. Interaction types searched for in this phase are; reflections from wall/floor/ground/ceiling surfaces, diffractions from building corners/roof-tops, scattering from point sources on wall surfaces, scattering from random objects, and blocking by random objects. 
Path gains for propagation paths are approximated considering also attenuation due to blocking of different path segments. The deterministic part of the model is based on METIS map-based model [4]. In case of dynamic model, the map-based modelling provides necessary information for path tracking. Path tracking is required in order to model each path continuously over the lifetime of the path.
4 Stochastic Model
The most significant paths are selected and applied as cluster centroids for the 3D dynamic GSCM channel model. The criteria for cluster selection may be simply based on power or a more advanced method based on the path properties may be developed. The power criterion was applied in this study and the window for power selection was 30 dB (local max - 30). As the deterministic model provides also multiple paths for diffuse scattering, the diffuse scattering paths were mapped to 20° angular grid and paths with same combination of gridded departure and arrival angles were combined prior to path selection to avoid choosing multiple paths with same or almost same angular parameters. This simple selection method provided 9 - 82 clusters in this scenario, the median number of clusters being 27. Typical number of clusters in LOS region was between 10 and 20 while in NLOS region the typical number of clusters was between 40 and 60. If the LOS path would be omitted in path selection, the number of clusters between LOS and NLOS states would be in better balance and in this case the power selection window could also be slightly narrower, which would reduce the maximum number of clusters. The maximum number of clusters was limited to 45 in the example simulation case. The path tracking is also taken into account in path selection to allow realistic path/cluster birth–death processes. Thus if power of certain path fulfils the power selection criterion in one position, the path is included also in other positions to allow continuous modelling of the path.
The powers, delays and angles of arrival and departure are set as small scale cluster parameters for the GSCM model. The cluster angle spreads for each cluster are determined based on path interaction type and distance from first/last interaction point as follows. The range of angles in azimuth and elevation (or zenith angle) is approximated by assuming certain spread of scattering point in meters. First the range of angles is calculated as
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where [image: image5.png]


 is the distance to/from the first/last interaction point and its minimum is limited to 2m, and [image: image7.png]


 is a spread of scattering points specified as

· [image: image9.png]


 = 3 m
single wall reflection both azimuth and elevation
· [image: image11.png]


 = 2 m
random object scattering both azimuth and elevation
· [image: image13.png]


 = 7 m
wall reflection with multiple interactions both azimuth and elevation
· [image: image15.png]


 = 0 m
ground reflection both azimuth and elevation
· [image: image17.png]


 = 5 m
corner diffraction for azimuth
· [image: image19.png]


 = 10 m
corner diffraction for elevation
· [image: image21.png]


 = 10 m
roof-top diffraction for azimuth
· [image: image23.png]


 = 5 m
roof-top diffraction for elevation
· [image: image25.png]


 = 20 m
diffuse scattering (wall surface).

Then the rms angular spread is approximated from [image: image27.png]AR



 as
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Figure 2. Illustration of proposed distance dependent rms angular spreads.

XPRv and XPRh and CPRh are also determined for each cluster based on the complex polarization matrices of the map-based modelling. In addition, the phases of XPRv, XPRh and CPRh  can also be based on map-based model in GSCM modelling to enable  realistic modelling of polarization. A constant value of 10 dB was applied as XPRv and XPRh (and CPRh = 0 dB and random phases as in stochastic models) for NLOS clusters in this study as the implementation of polarization matrix ratios is still under work.  
Once the cluster parameters for the dynamic GSCM model are generated as described above, the channel model is generated by a commonly used SCM/WINNER based sum of sinusoids method. Cluster parameters for points between the original (UE) spatial locations are linearly interpolated. This is done to guarantee smoothly time continuous channel coefficients for a dynamic model. Angular parameters of LOS path are not interpolated but they are calculated directly based on the GSCM model geometry. Example tables of cluster parameters for positions 1 and 2 of link to small cell 1 are shown in Table 1 and Table 2. The cluster IDs are based on tracking and for example cluster ID 16 is continued from position 1 to position 2 and the parameters (delay, power, AoA, AsA, AoD, AsD, EoA, EsA, EoD and EsD) are interpolated to adequate sample density for calculation of channel coefficients between positions 1 and 2. Cluster ID 61 is not continued to position 2 and its power is ramped down in the middle of positions 1 and 2.
The fading channel model coefficients are calculated for each interpolated location by drawing a number of rays around each cluster with angle offsets (random or fixed with Laplacian shape) to fulfil intra-cluster angle spread of each cluster. 3D antenna embedding and geometry dependent Doppler phasors are applied for each ray. 

Table 1. Example of cluster parameters, small cell 1, position 1.
	Position 1
	
	
	
	
	
	
	
	
	
	
	

	Delay = 147.2035
	
	
	
	
	
	
	
	
	
	
	

	Cluster ID
	Exc. Delay [ns]
	Power [dB]
	AoA [deg]
	AsA [deg]
	AoD [deg]
	AsD [deg]
	EoA [deg]
	EsA [deg]
	EoD [deg]
	EsD [deg]
	First Int
	Last Int

	LOS
	0
	-5,2
	121,3
	0
	-58,7
	0
	11,11
	0
	-11,11
	0
	LOS
	LOS

	16
	1,73
	-25,31
	122,42
	1,31
	-122,42
	24,58
	10,97
	1,31
	-10,97
	24,58
	obj
	ref

	48
	2,25
	-8,17
	121,3
	0
	-58,7
	0
	-14,87
	0
	-14,87
	0
	ref
	ref

	61
	9,59
	-28,83
	125,71
	9,12
	-95,71
	39,59
	15,03
	9,12
	4,13
	39,59
	ref
	ref

	60
	9,76
	-31,48
	125,71
	9,47
	-95,71
	35,32
	3,8
	9,47
	-7,4
	35,32
	ref
	ref

	4
	12,22
	-31,82
	-173,51
	6,95
	-65,49
	0,9
	-7,93
	6,95
	-12,61
	0,9
	dif
	dif

	12
	17,32
	-30,76
	27,74
	8,27
	-52,83
	0,85
	-9,5
	8,27
	-11,92
	0,85
	obj
	ref

	17
	28,46
	-20,1
	45,39
	5,63
	-45,39
	1,35
	9,29
	5,63
	-9,29
	1,35
	obj
	ref

	96
	30,58
	-26,68
	59,74
	23,33
	-40,28
	9,58
	4,37
	23,33
	-6,83
	9,58
	ref
	ref

	92
	33,14
	-21,29
	15,95
	34,23
	-49,87
	8,16
	4,37
	34,23
	-6,83
	8,16
	ref
	ref

	100
	42,33
	-31,08
	72,35
	15,47
	-26,95
	11,08
	4,37
	15,47
	-6,83
	11,08
	dsc
	dsc

	101
	52,45
	-32,69
	72,35
	13,8
	-26,95
	11,11
	16,63
	13,8
	5,85
	11,11
	dsc
	dsc

	104
	63,91
	-34,3
	77,66
	11,26
	-9,62
	12,15
	4,37
	11,26
	-6,83
	12,15
	dsc
	dsc

	88
	70,25
	-27,68
	-48,81
	27,95
	-56,75
	6,99
	4,37
	27,95
	-6,83
	6,99
	ref
	ref

	11
	101,55
	-36,06
	80,24
	3,23
	11,3
	1,23
	-0,99
	3,23
	-17,29
	1,23
	dif
	dif

	34
	103,43
	-23,34
	81,19
	0,88
	11,03
	4,24
	-0,99
	0,88
	-16,91
	4,24
	ref
	ref

	36
	103,83
	-29,82
	80,24
	3,23
	11,03
	4,24
	-0,99
	3,23
	-16,91
	4,24
	ref
	ref

	49
	159,08
	-31,2
	110,35
	5,73
	91,15
	14,21
	3,8
	5,73
	-7,4
	14,21
	ref
	ref


Table 2. Example of cluster parameters, small cell 1, position 1.
	Position 2
	
	
	
	
	
	
	
	
	
	
	

	Delay = 120.6147
	
	
	
	
	
	
	
	
	
	
	

	Cluster ID
	Exc. Delay [ns]
	Power [dB]
	AoA [deg]
	AsA [deg]
	AoD [deg]
	AsD [deg]
	EoA [deg]
	EsA [deg]
	EoD [deg]
	EsD [deg]
	First Int
	Last Int

	LOS
	0
	-3,47
	129,81
	0
	-50,19
	0
	13,6
	0
	-13,6
	0
	LOS
	LOS

	16
	2,1
	-18,16
	131,04
	1,59
	-131,04
	24,58
	13,36
	1,59
	-13,36
	24,58
	obj
	ref

	48
	2,74
	-7
	129,81
	0
	-50,19
	0
	-18,12
	0
	-18,12
	0
	ref
	ref

	143
	4,8
	-32,39
	153,52
	4,51
	-57,2
	1,31
	-5,11
	4,51
	-18,48
	1,31
	dif
	ref

	142
	5,53
	-31,11
	161,27
	5,54
	-57,1
	1,23
	-6,29
	5,54
	-17,38
	1,23
	dif
	dif

	60
	11,14
	-26,32
	136,27
	11,58
	-95,71
	35,32
	4,68
	11,58
	-9,09
	35,32
	ref
	ref

	144
	13,98
	-33,13
	78,68
	4,54
	-37,95
	1,19
	-5,14
	4,54
	-16,81
	1,19
	dif
	dif

	65
	19,91
	-35,9
	152,45
	13,98
	-91,91
	21,31
	4,68
	13,98
	-9,09
	21,31
	ref
	ref

	17
	33,46
	-17,03
	36,49
	6,41
	-36,49
	1,53
	10,6
	6,41
	-10,6
	1,53
	obj
	ref

	96
	36,2
	-19,13
	15,95
	34,23
	-40,28
	9,58
	5,38
	34,23
	-8,4
	9,58
	ref
	ref

	100
	38,76
	-24,69
	59,74
	23,33
	-26,95
	11,08
	5,38
	23,33
	-8,4
	11,08
	ref
	ref

	104
	58,48
	-29,8
	72,35
	15,47
	-9,62
	12,15
	5,38
	15,47
	-8,4
	12,15
	dsc
	dsc

	92
	70,19
	-25,6
	-48,81
	27,95
	-49,87
	8,16
	5,38
	27,95
	-8,4
	8,16
	ref
	ref

	11
	95,41
	-35,35
	77,35
	4,16
	11,3
	1,23
	-1,28
	4,16
	-17,29
	1,23
	obj
	dif

	34
	97,18
	-21,7
	78,57
	1,14
	11,03
	4,24
	-1,28
	1,14
	-16,91
	4,24
	ref
	ref

	36
	97,69
	-30,83
	77,35
	4,16
	11,03
	4,24
	-1,28
	4,16
	-16,91
	4,24
	ref
	ref

	88
	125,06
	-35,05
	-68,75
	18,02
	-56,75
	6,99
	5,38
	18,02
	-8,4
	6,99
	ref
	obj

	49
	154,78
	-28,83
	113,86
	6,64
	91,15
	14,21
	4,68
	6,64
	-9,09
	14,21
	ref
	ref


5 Channel Model Characteristics of Example Scenario
The channel coefficients were generated for the example scenario described in chapter 2. Characteristics of the resulting channel model are described in the sub-sections of this chapter. 
5.1 Large scale channel gain profiles

The instantaneous channel gains of each link are shown in Figure 3. The instantaneous channel gain represents a complex sum of the impulse response taps on each time instant, thus it can be considered as “narrowband equivalent” of fading channel profile. The large scale channel gain profiles indicate the transitions of propagation condition for small cells 1 and 2 approximately at time instants 34 and 47 seconds which match well with the underlaying map and route positions on these time instants. Small cells 1 and 2 have clearly higher gain when being in LOS state (0-47 sec for cell 1 and 34-70sec for cell2) and both cases indicate approximately 30 dB change of gain during a short period of propagation condition transition. The gain of 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°. The highest gain path of the macrocell NLOS state (period 0-25 sec) is the corner diffraction and also the paths diffracted over the rooftop of the building are considerably strong. The macrocell link is simulated by applying Berg’s diffraction model which may require some adjusting of the diffraction calculation. Uniform theory of diffraction (UTD) is applied for the diffraction calculation for other links which is the proposed method for the deterministic model.
The timing of propagation condition change can also be observed by comparing the K-factors in Figure 4. K-factors of small cells 1 and 2 are in order of 5 – 10 dB which is well in line compared to for example WINNER parameterization.
[image: image31.emf]0 10 20 30 40 50 60 70

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

Channel Gain, UE antenna 1

Simulation Time [s]

Gain [dB]

 

 

Macrocell

Small Cell 1

Small Cell 2

Small Cell 3


Figure 3. Instantaneous channel gains of BS antenna 1 to UE antenna 2 (co-polarization). Note that the gains are normalized to the highest gain value. 
5.2 Small scale channel gain (fading) profiles
The small scale fading characteristics of the channel gain profiles indicate quite flat fading behaviour for the LOS state. This is well in line with the K-factors indicated in Figure 4. The variance of the fading is much higher within the region of NLOS propagation condition. The fading profile shows Rayleigh type behaviour as expected. The fading profile of small cell 2 doesn’t show as clear Rayleigh fading behaviour as profiles of small cells 1 and 3. This is caused by the effect of one dominant specular reflection path from the building on the other side of the square (with Y-coordinate 425m) which can be seen clearly as a cluster starting with delay 1.4 µs in Figure 5 and with AoA 100° and AoD 75° in Figure 7 and Figure 8. This kind of dominant path fading characteristics, which is present also on other links especially in LOS condition region, show slower fading process with deep fades over a cycle of few seconds. This type of fading characteristics is not modelled by purely stochastic fast fading models 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. For example Winner model doesn’t include specular paths/clusters with narrow cluster angle spread. 
The RMS delay spreads of each link are shown in Figure 4. The delay spreads of small cells 1 and 2 vary between 10 and 300 ns and NLOS state delay spreads are generally higher than the LOS state delay spreads.
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Figure 4. Instantaneous K-factor and RMS delay spread.
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Figure 5. Cluster centroid delays. Links 1, 2 and 3 represent small cells 1, 2 and 3. Link 4 represents macrocell.
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Figure 6. Doppler power spectrum.
5.3 Spatial consistency

The cluster delay profiles in Figure 5 show that the clusters are continuous and evolve smoothly over time. Similarly, the time evolution of the angular cluster parameters as shown in Figure 7 and Figure 8 is smooth and continuous. This indicates that the spatial consistency of the deterministic map-based model is maintained with this type of hybrid modelling approach. Two close-by located UEs (or two different positions of single UE) see same clusters whose properties change deterministically based on the layout as the distance between the UEs (or positions) changes. Also the birth-death processes of the clusters can be clearly observed from the delay and angle profile figures. There are few fast transitions/jumps (vertical lines) of angles or delays visible in these figures. This indicates a problem in implementation of path/cluster tracking and is not a feature of the hybrid modelling method.  
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Figure 7. AoA time evolution of cluster centroids. Links 1, 2 and 3 represent small cells 1, 2 and 3. Link 4 represents macrocell.
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Figure 8. AoD time evolution of cluster centroids. Links 1, 2 and 3 represent small cells 1, 2 and 3. Link 4 represents macrocell.
5.4 Angular characteristics and antenna correlation

The time evolution of cluster AoA and AoD are shown in Figure 7 and Figure 8. The main propagation mechanisms, specular reflection, diffuse scattering and diffraction are clearly visible in these figures. For example in LOS region of small cell 1, there are two strong clusters with almost same AoA as LOS path. These are the ground reflection and specular reflection from the wall behind the BS antenna (BS antenna is placed 1m out of the wall and antenna pattern is omni-directional in this case). The wall reflection behind the BS antenna is clearly seen also in AoD figure as the cluster starting with -120° AoD. The specular reflection from the wall on the opposite site of the street is seen as a cluster with AoA starting from 48° and evolving to -50° at 35s time instant. The diffuse scattering with fixed coordinates on a wall on the opposite side of the street is seen as clusters with AoA swing from 80° to -80°. These diffuse scattering clusters are seen with constant AoD over time. The corner diffraction is seen with slightly over 90° AoD during period 48 to 61s. 
The angular characteristics of the model are reflected also to antenna correlations shown in Figure 9. For example, the BS antenna correlation of small cells 1 and 2 is generally high in LOS region where LOS path and specular ground reflection dominate. The effect of specular wall reflection behind the BS antenna and strong clusters at -95° and 95° AoDs cause angular dispersion, which lowers the BS antenna correlation of small cell 1 during 0 to 20 second period. Similarly, the BS antenna correlation of small cell 2 decreases at the end of the route when the strong clusters have more angular separation. The BS antenna correlation of small cell 3 is high due to narrow cluster AoD spread which 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. The UE antenna correlation characteristics are more difficult to interpret due to dual-polarized UE antenna. But also here, in general, the UE antenna correlation is higher in LOS region and lower in NLOS region. The polarization modelling of the simulation model was based purely on stochastic approach with 10 dB XPR, thus the antenna correlations are not modelled purely based on the deterministic model. However, one major advantage of this hybrid modelling approach is the ability to model the complex polarization ratios based on deterministic model as explained in chapter 4. The phase differences between the elements polarization matrix are random in stochastic model which is not realistic for specular reflection paths, which carry significant amount of power.  
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Figure 9. BS and UE antenna correlation.
6 Requirements vs. Applied Model

The following table shows whether the requirements taken from [5] are fulfilled by the map–based hybrid model. There are obviously requirements that are not considered in this example case. These are specifically marked in the table. The table does not contain other models as the comparison because currently there is no other model to compare. The necessary extensions for the 3GPP 3D model have not yet been designed.  
	Requirement
	Hybrid Map–Based
	Comments

	Scenarios

· Support of new scenarios 
	
	

	Frequency range
· 0.5 GHz – 100 GHz
· Consistency of channel model parameters between different frequency bands
	

	Frequency dependency taken into account in the deterministic part 

	Bandwidth
· ~100 MHz BW for below 6 GHz, 2 GHz BW for above 6 GHz
	
	 

	Spatially consistent

· Spatial consistency of LSPs with fixed BS

· Spatial consistency of LSPs with arbitrary Tx / Rx locations (D2D / V2V)

· Fair comparison of different network topologies

· Spatial consistency of SSPs

· UDN / MU Consistency

· Distributed antennas and extremely large arrays

· Dynamic channel (smooth evolution of SSPs and LSPs)
	






	See the result curves

	Extremely large arrays beyond stationarity interval

· Spherical waves

· High angular resolution down to 1 degree (beamforming)
· Accurate modelling of Laplacian PAS

· Very large arrays beyond consistency interval

· Polarization characteristics of antennas 
	





	Plane wave approximation and stochastic polarization approach used in the example case. 

	Dual mobility

· Dual Doppler

· Dual angle of arrival (AoA)

· Dual Antenna Pattern (mobile antenna pattern at both ends of the link)

· Arbitrary UE height (e.g. different floors)

· Spatially consistent multi-dimensional map
	




	Dual mobility not simulated in the example case.


	LOS probability 

· Spatially consistent LOS probability / LOS existence
	
	See result curves

	Specular and diffuse propagation

· Reflection

· Scattering

· Diffraction
	


	

	Path calculation
· Frequency dependent path loss model

· Frequency dependence of number of paths 
	

	

	Shadowing / Blockage
· Log-normal shadowing

· Body shadowing
· Blockage modelling
	


	Random objects used


	Drop concept 
· Block stationarity
	
	

	Correlation 
· LSP correlation
	
	

	Mesh networks
	
	Not used in this example case

	Dynamic modelling (non-stationary)

· Real motion 

· Massive MIMO

· Multiuser MIMO
	


	See result curves

	Compatibility

· Backward compatibility

· Computational complexity
	


	Deterministic calculation part not backward compatible. End results are backward compatible


7 Conclusion
This contribution has presented the hybrid map–based model and an example simulation case. The hybrid model consists of the deterministic part and the stochastic part. The deterministic part is used to calculate the propagation pathways. The most significant paths of the deterministic part are used as the cluster centroids for the stochastic part. The significance is here power based but the mechanism to decide the paths could be also something else. The stochastic part outputs the simulation results as used to in the familiar simulation tools. 
The example case reveals how the requirements like spatiality in space, time and frequency is maintained. This type of multi-cell (HetNet) test scenario in urban environment requires realistic modelling of inter-cell correlation, especially for the (LOS/NLOS) propagation condition, which is problematic by 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. Even though not explicitly tested here the antenna functions could be, e.g., large arrays used for mmwaves. Similarly the other technical requirements, as presented in the table in section 6, are fulfilled with this modelling approach. 
The reader is reminded that the cite [6] presents also a hybrid map–based model that differs in details from the model presented here. The division in deterministic and stochastic parts is the same. The intent is to merge these two models and to present to RAN1 a single hybrid map–based model. 

Thus the following proposal is made:
Proposal: RAN1 approves the intent to include a single hybrid map–based model in the TR 38.900 in the next two meetings. 
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