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Introduction
In the TR on Study on Scenarios and Requirements for Next Generation Access Technologies [6], a rural macrocell scenario is defined for deployment of 5G. There is a need for evaluating performance in relation to the requirements.
A Rural macrocell channel model is specified as part of the IMT-Advanced channel model [1]. However, this model is 2D in the sense that elevation angles are not modeled. An extension to 3D modeling was done in the 3D SCM model [2] though only for the Urban macrocell and microcell scenarios. In this contribution we investigate the possibility to make a 3D RMa scenario and propose suitable model parameters.
Gap analysis of the IMT-Adv RMa model
The IMT-Adv RMa model provides path loss and LOS probability models as well as channel model parameters including angular and cluster level parameters. However in comparison with the 3D SCM model it lacks elevation angle parameters. A gap analysis can be done by transferring the parameters from the parameter tables of [1] to the parameter tables of 36.873 [2]. This is done below:

Table 7.2-1: Pathloss models UMa path loss models can be completely specified using Table A1-2 in [1]
Table 7.2-2: LOS probabilities A UMa LOS probability model can be reused from Table A1-3 in [1]
Table 7.3-6: Channel model parameters This table can only be partially filled with parameters from [1] as seen below
Table 7.3-9: ZSD and ZoD offset parameters for 3D-RMa There are no parameters in [1] that could be used to construct such a table. For reference, the corresponding table 7.3-7 for 3D-UMa is shown below

In other words, there is a need to develop parameters for all missing entries in these tables (highlighted in yellow).
Table 7.3-6: Channel model parameters
	Scenarios
	3D-UMi
	3D-UMa
	3D-RMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	DS
	-7.19
	-6.89
	-6.62
	-7.03
	-6.44
	-6.62
	-7.49
	-7.43

	
	DS
	0.40
	0.54
	0.32
	0.66
	0.39
	0.32
	0.55
	0.48

	AoD spread (σASD) log10([])
	ASD
	1.20
	1.41
	1.25
	1.15
	1.41
	1.25
	0.90
	0.95

	
	ASD
	0.43
	0.17
	0.42
	0.28
	0.28
	0.42
	0.38
	0.45

	AoA spread (σASA) log10([])
	ASA
	1.75
	1.84
	1.76
	1.81
	1.87
	1.76
	1.52
	1.52

	
	ASA
	0.19
	0.15
	0.16
	0.20
	0.11
	0.16
	0.24
	0.13

	ZoA spread (σZSA) log10([])2)
	ZSA
	0.60
	0.88
	1.01
	0.95
	1.26
	1.01
	
	

	
	ZSA
	0.16
	0.16
	0.43
	0.16
	0.16
	0.43
	
	

	Shadow fading (SF) [dB]
	SF
	3
	4
	7
	4
	6
	7
	4
	8

	K-factor (K) [dB]
	K
	9
	N/A
	N/A
	9
	N/A
	N/A
	7
	N/A

	
	K
	5
	N/A
	N/A
	3.5
	N/A
	N/A
	4
	N/A

	Cross-Correlations 
	ASD vs DS
	0.5
	0
	0.4
	0.4
	0.4
	0.4
	0
	-0.4

	
	ASA vs DS
	0.8
	0.4
	0.4
	0.8
	0.6
	0.4
	0
	0

	
	ASA vs SF
	-0.4
	-0.4
	0
	-0.5
	0
	0
	0
	0

	
	ASD vs SF
	-0.5
	0
	0.2
	-0.5
	-0.6
	0.2
	0
	0.6

	
	DS   vs SF
	-0.4
	-0.7
	-0.5
	-0.4
	-0.4
	-0.5
	-0.5
	-0.5

	
	ASD vs ASA
	0.4
	0
	0
	0
	0.4
	0
	0
	0

	
	ASD vs 
	-0.2
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A

	
	ASA vs 
	-0.3
	N/A
	N/A
	-0.2
	N/A
	N/A
	0
	N/A

	
	DS vs 
	-0.7
	N/A
	N/A
	-0.4
	N/A
	N/A
	0
	N/A

	
	SF vs 
	0.5
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A

	Cross-Correlations 1)
	ZSD vs SF
	0
	0
	0
	0
	0
	0
	
	

	
	ZSA vs SF
	0
	0
	0
	-0.8
	-0.4
	0
	
	

	
	ZSD vs K
	0
	N/A
	N/A
	0
	N/A
	N/A
	
	

	
	ZSA vs K
	0
	N/A
	N/A
	0
	N/A
	N/A
	
	

	
	ZSD vs DS
	0
	-0.5
	-0.6
	-0.2
	-0.5
	-0.6
	
	

	
	ZSA vs DS
	0.2
	0
	-0.2
	0
	0
	-0.2
	
	

	
	ZSD vs ASD
	0.5
	0.5
	-0.2
	0.5
	0.5
	-0.2
	
	

	
	ZSA vs ASD
	0.3
	0.5
	0
	0
	-0.1
	0
	
	

	
	ZSD vs ASA
	0
	0
	0
	-0.3
	0
	0
	
	

	
	ZSA vs ASA
	0
	0.2
	0.5
	0.4
	0
	0.5
	
	

	
	ZSD vs ZSA
	0
	0
	0.5
	0
	0
	0.5
	
	

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian
	

	Delay scaling parameter  r
	3.2
	3
	2.2
	2.5
	2.3
	2.2
	3.8
	1.7

	XPR [dB] 6)
	
	9
	8.0
	9
	8
	7
	9
	12
	7

	
	
	3
	3
	5
	4
	3
	5
	
	

	Number of clusters
	12
	19
	12
	12
	20
	12
	11
	10

	Number of rays per cluster
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster ASD
	3
	10
	5
	5
	2
	5
	2
	2

	Cluster ASA
	17
	22
	8
	11
	15
	8
	3
	3

	Cluser ZSA2)
	7
	7
	3
	7
	7
	3
	
	

	Per cluster shadowing std  [dB]
	3
	3
	4
	3
	3
	4
	3
	3

	Correlation distance in the horizontal plane [m]3)
	DS
	7
	10
	10
	30
	40
	10
	50
	36

	
	ASD
	8
	10
	11
	18
	50
	11
	25
	30

	
	ASA
	8
	9
	17
	15
	50
	17
	35
	40

	
	SF
	10
	13
	7
	37
	50
	7
	37
	120

	
	
	15
	N/A
	N/A
	12
	N/A
	N/A
	40
	N/A

	
	ZSA
	12
	10
	25
	15
	50
	25
	
	

	
	ZSD
	12
	10
	25
	15
	50
	25
	
	



Table 7.3-7: ZSD and ZoD offset parameters for 3D-UMa
	Scenarios
	3D-UMa

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread1) (σZSD) log10([])
	µZSD
	max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000) -0.01(hUT - 1.5)+0.9]
	max[-0.5, -2.1(d2D/1000)-0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]

	
	ZSD
	0.40
	0.49
	0.40
	0.49

	ZoD offset
	µoffset,ZOD
	0
	-10^{-0.62log10(max(10, d2D))+1.93-0.07(hUT-1.5)}
	0
	-10^{-0.62log10(max(10, d2D))+1.93-0.07(hUT-1.5)}

	
NOTE:	The proposed average ESD is smaller than that of Winner+




3D extension of the IMT-Adv RMa model
The ZoA spread will be dependent on the surroundings of the UE which in the rural scenario is expected to consist of semi-open areas, trees, and a few lower buildings. Thus an educated guess would be to use ZoA spread parameters which are significantly lower than in the 3D-UMa scenario, perhaps more like those in the 3D-UMi scenario where the median ZoA spread is 4 and 7.6 degrees in LOS and NLOS respectively. It is therefore proposed to reuse the 3D-UMi ZoA spread for the 3D-RMa scenario.
The cross-correlations of ZSD and ZSA vs other channel parameters are proposed to be reused from the 3D UMa scenario without any particular motivation. While this is of course a pure guess it should be noted that these parameters will have a quite minor impact on simulation results and are therefore less important to set correctly.
The ZoD and ZoA distributions are Laplacian in both 3D-UMa and 3D-UMi, so it is proposed to use the same distribution also in 3D-RMa. It is known that different angular distributions give very similar simulation results if the angular spread is smaller than the beamwidth of the antenna, so it appear that this choice will also be of less importance.
The standard deviation of the XPR is not specified in the IMT-Adv model. In [3], XPR measurements are done over distances up to 4.5 km in different environments including rural areas. It is found that the standard deviation of the XPR is 3 dB which would motivate the use of this value for the 3D-RMa model.
For the cluster ZSA, the value can be expected to be a certain fraction of the ZoA spread. A value of 3 degrees seems reasonable from this consideration. 
The correlation distances of the ZSA and ZSD are 15 and 50 m in LOS and NLOS in the 3D-UMa scenario. It is proposed to reuse these values for the 3D-RMa scenario. Since the ZoA and ZoD spreads will be low the correlation distances will have a very minor impact on any simulation results.
The ZoD spread in the 3D-UMa scenario is plotted in Figure 1. As can be seen, the ZoD spread reduces to a fraction of a degree for distances larger than about 500 m. Few direct measurements of the ZoD spread in rural cells are available in the literature, however in [4] the ZoD spread is estimated from vertical diversity measurements in macrocells with BS-UE separations of up to 7400 m. Table VII in [4] summarizes these estimates and is copied below for convenience. The estimated elevation spreads in these measurements are in the range 0.2-0.8 degrees which is very similar to the 3D-UMa values. It is therefore proposed to have a constant ZoD spread of 0.3 degrees in the 3D-RMa scenario.
The ZoD offset angle is a function of the geometry as illustrated in Figure 2. It can therefore be expected that the ZoD offset angle of the 3D-UMa scenario will not be representative of the rural scenario. Instead, an estimate of the ZoD offset angle can be determined by assuming a certain clutter height in relation to the eNB height (35 m) and the UE height (1.5 m). 5 m seems like a reasonable clutter height that would be representative of single buildings, lower trees etc. The ZoD offset angle will then be the difference between the zenith angle towards the UE assuming no obstructions and the zenith angle to the top of the clutter, i.e.

This model is plotted in Figure 3.
[image: ]
[bookmark: _Ref448417093]Figure 1 ZoD spread in the 3D-UMa scenario
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[image: ]     [image: ]

[bookmark: _Ref448418646]Figure 2 Illustration of the ZoD offset angle in an urban scenario (left) and a rural scenario (right)
[image: ]
[bookmark: _Ref448419151]Figure 3 ZoD offset angle for 3D-UMa and the proposed model for 3D-RMa
All these proposed parameters are summarized in the tables in the Appendix. The IMT-Adv channel model is specified for the frequency range 2-6 GHz and the models and parameters can probably not be extrapolated far outside this frequency range. However, it is known from [5] that most channel parameters exhibit weak or no frequency dependence so it can be assumed that the model could be extended to 7 GHz without major errors occurring. 
Conclusion
The following is proposed:
Proposal: For the Rural macrocell (RMa) scenario as described in TR 38.913 [6], agree on the RMa channel model parameters in Appendix A as a working assumption
· This model is valid up to 7 GHz
· Take a majority view on which TR to capture this channel model
· Alt 1 TR38.900 --- in this case, the RMa scenario description is also captured in the TR.
· Alt 2 TR38.913 
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Appendix A
Table 7.2-1: Pathloss models
	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters
	Shadow 
fading 
std [dB]7)
	Applicability range, 
antenna height 
default values 

	3D-RMa LOS
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	3D-RMa NLOS
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Table 7.2-2: LOS probabilities
	Scenario
	LOS probability (distance is in meters)

	3D-RMa
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Table 7.3-6: Channel model parameters
	Scenarios
	3D-RMa

	
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	DS
	-7.49
	-7.43

	
	DS
	0.55
	0.48

	AoD spread (σASD) log10([])
	ASD
	0.90
	0.95

	
	ASD
	0.38
	0.45

	AoA spread (σASA) log10([])
	ASA
	1.52
	1.52

	
	ASA
	0.24
	0.13

	ZoA spread (σZSA) log10([])2)
	ZSA
	0.60
	0.88

	
	ZSA
	0.16
	0.16

	Shadow fading (SF) [dB]
	SF
	4
	8

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	4
	N/A

	Cross-Correlations 
	ASD vs DS
	0
	-0.4

	
	ASA vs DS
	0
	0

	
	ASA vs SF
	0
	0

	
	ASD vs SF
	0
	0.6

	
	DS   vs SF
	-0.5
	-0.5

	
	ASD vs ASA
	0
	0

	
	ASD vs 
	0
	N/A

	
	ASA vs 
	0
	N/A

	
	DS vs 
	0
	N/A

	
	SF vs 
	0
	N/A

	Cross-Correlations 1)
	ZSD vs SF
	0
	0

	
	ZSA vs SF
	-0.8
	-0.4

	
	ZSD vs K
	0
	N/A

	
	ZSA vs K
	0
	N/A

	
	ZSD vs DS
	-0.2
	-0.5

	
	ZSA vs DS
	0
	0

	
	ZSD vs ASD
	0.5
	0.5

	
	ZSA vs ASD
	0
	-0.1

	
	ZSD vs ASA
	-0.3
	0

	
	ZSA vs ASA
	0.4
	0

	
	ZSD vs ZSA
	0
	0

	Delay distribution
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian

	Delay scaling parameter  r
	3.8
	1.7

	XPR [dB] 6)
	
	12
	7

	
	
	4
	3

	Number of clusters
	11
	10

	Number of rays per cluster
	20
	20

	Cluster ASD
	2
	2

	Cluster ASA
	3
	3

	Cluser ZSA2)
	3
	3

	Per cluster shadowing std  [dB]
	3
	3

	Correlation distance in the horizontal plane [m]3)
	DS
	50
	36

	
	ASD
	25
	30

	
	ASA
	35
	40

	
	SF
	37
	120

	
	
	40
	N/A

	
	ZSA
	15
	50

	
	ZSD
	15
	50



Table 7.3-9: ZSD and ZoD offset parameters for 3D-RMa
	Scenarios
	3D-UMa

	
	LOS
	NLOS
	

	
	
	
	
	

	ZoD spread1) (σZSD) log10([])
	µZSD
	0.3
	0.3
	

	
	ZSD
	0.40
	0.49
	

	ZoD offset
	µoffset,ZOD
	0
	arctan((35-5)/ d2D )- arctan((35-1.5)/ d2D )
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ELEVATION SPREADS DERIVED FROM PUBLISHED VERTICAL DI

Refercnce Typical distances [m] | Vertical scparation [\] | Envelope comvlation
‘Adachi et al. [35] 1300 2
Fggers et al_[46] 5003000 3
Ebine ct al. [47] 1000-4000 16 042065 059095
Tundgren and Robertsson [48] 2007400 7250 [ 0.17:038
Turkmani ct al_ [49] 2501500 5 012056 0723
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