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1 Introduction

At RAN1 #73 meeting, it was agreed to conduct a phased calibration process of 3D channel model, where the first phase is the large scale parameter calibration without modeling of fast fadings, and the second and third phase is baseline performance with modeling of fast fadings. In this contribution we provide our calibration results for the first phase, in which coupling loss and geometry results are provided with respect to different downtilt, antenna spacing, and height gain values.

Three cases are considerd in this contribution, case A is with 10 vertical antenna elements, case B is with one vertical antenna elements, and case C corresponds to 36.814 vertical antenna pattern.

2 Evaluation results
The evaluation assumptions are summarized in annex, including basic parameters, antenna modeling, LoS probability and pathloss modeling. Most of them are made according to the agreements in RAN1 #72, 72b, 73. The few assumptions (UMa LoS probability, UMa LoS PL, UMi PL) that have not been fully agreed are further clarified in annex.

2.1 Coupling loss and geometry for different antenna downtilt
In Fig.1 and Fig.2, we compare the coupling loss and geometry with respect to different antenna downtilt values for UMi and UMa. The height gain is 0.6 and vertical antenna element spacing is 0.5 lambda in this section. For Case A, three downtilt values is used.
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Figure 1: Coupling loss and geometry for UMi (Height gain
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= 0.6; For Case A, downtilt = 96/99/102, vertical antenna element spacing is 0.5 lambda)
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Figure 2: Coupling loss and geometry for UMa (Height gain
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= 0.6; For Case A, downtilt = 96/99/102, vertical antenna element spacing is 0.5 lambda)
From Fig.1 and Fig.2, we can see that with the same number of vertical antenna element, the coupling loss becomes worse and the geometry becomes better by increasing the electronic downtilt.
Observation 1

· For case A, the coupling loss becomes worse and the geometry becomes better by increasing the electronic downtilt.

2.2 Coupling loss and geometry for different vertical antenna element spacing values
In Fig.3 and Fig.4, we compare the coupling loss and geometry under different vertical antenna element spacing values of case A model for UMi and UMa. The electronic downtilt is 102 degree and height gain is 0.6.
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Figure 3: Coupling loss and geometry under different vertical antenna element spacing values of case A for UMi (downtilt is 102 degree, height gain
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= 0.6)
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Figure 4: Coupling loss and geometry under different vertical antenna element spacing values of case A for UMa (downtilt is 102 degree, height gain
[image: image12.wmf]a

= 0.6)
From Fig.3 and Fig.4, we can see that with the same number of vertical antenna element, 0.5 lambda achieves better coupling loss and geometry than 0.8 lambda, and the performance gap in UMa is bigger than that in UMi. It can be explained that 0.8 lambda provides narrower half power beam width and less UE can be covered by the antenna beam as seen in Fig.5.
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Figure 5: Vertical antenna array gain of caseA for different vertical antenna element spacings
Observation 2
· 0.5 lambda achieves better coupling loss and geometry than 0.8 lambda under fixed DFT precoding.  
2.3 Coupling loss and geometry for different height gain values
In Fig.6 and Fig.7, we compare the coupling loss and geometry under different height gain values for UMi and Uma. CaseA model is used with 102 degree downtilt, and the vertical antenna element spacing is 0.5 lambda.
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Figure 6: Coupling loss and geometry under different height gain values for UMi (Case A, downtilt = 102, vertical antenna element spacing is 0.5 lambda)
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Figure 7: Coupling loss and geometry under different height gain values for UMa (Case A, downtilt = 102, vertical antenna element spacing is 0.5 lambda)
From Fig.6 and Fig.7, we can see that height gain 0.9 and 0.6 leads to simliar coupling loss and geometry. 
Observation 3
· Height gain 0.9 and 0.6 leads to simliar coupling loss and geometry using fixed DFT precoding.
3 Conclusion
In this contribution we present our initial large-scale simulation results for calibration, and have the following observations:
· For case A, the coupling loss becomes worse and the geometry becomes better by increasing the electronic downtilt.
· 0.5 lambda achieves better coupling loss and geometry than 0.8 lambda under fixed DFT precoding.
· Height gain 0.9 and 0.6 leads to simliar coupling loss and geometry using fixed DFT precoding.
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Annex A: Simulation assumptions
Annex A.1 Basic simulation assumptions

The basic simulation assumptions are illustrated in Table 1.
Table 1 Base simulation assumptions
	Parameters
	Value

	Scenario
	UMa
	UMi

	Layout
	Hexagonal grid, 19 micro sites, 3 sectors per site

	Carrier frequency
	2 GHz

	Indoor UE fraction
	80%

	UE distribution (in x-y plane)
	uniform in cell

	UE height model
	hUE=3(nfl – 1) + 1.5m

for outdoor UE, nfl = 1;
for indoor UE, nfl  is uniformly distributed in [1, Nfl], and Nfl is the number of floors, where Nfl is uniformly distributed with average value 6 and variation range [-2, 2].

	UE mobility
	3km/h

	ISD
	500m
	200m

	BS antenna height
	25m
	10m

	Total BS Tx Power
	46/49 dBm for 10/20MHz
	41/44 dBm for 10/20MHz

	Min. UE-eNB 2D distance
	35m
	10m


Annex A.2 Antenna models
In our simulation, three antenna models are considered according to the agreements of RAN1 #73, which are described in Table 2.
Table 2 Antenna assumptions
	
	Case A
	Case B
	Case C[2]

	Number of vertical antenna element
	K=M=10
	K=1
	36.814 3D antenna model

	Complex weight for antenna element
	[image: image18.png]exp( /2747 (m—1)d, cos,,,,)




 where m=1,…,K
	N.A
	N.A.

	Vertical antenna element spacing
	0.5 / 0.8 lambda
	N.A.
	N.A.

	Downtilt
	96/99/102
	90
	102

	HPBW (vertical)
	65
	65
	10

	HPBW(azimuth)
	65
	65
	70

	FTBR (vertical)
	30dB
	30dB
	20dB

	FTBR (azimuth)
	30dB
	30dB
	25dB

	Antenna gain
	8dBi
	8dBi
	17dBi


Annex A.3 LOS probability modeling
The following agreements on LOS probability have been reached at RAN1 #73 meeting:
· For LOS probability calculation and environment height calculation, 2D distance is used.
· LOS probability for 3D UMi:
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· LOS probability for 3D UMa is a function of d and hUT. 

· Details FFS.
The LOS probability for UMi and UMa deployment scenarios are summarized Table 3.
Table 3 The LOS probabilities of UMi and UMa
	Scenario
	LOS probability as a function of 2D distance d2D[m]

	UMi
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In our simulation, we use the same LOS probability as ITU-UMa.
Annex A.4 LOS probability modeling
So far the following progress has been made with regard to UMa/UMi pathloss calculations:
· For NLOS/LOS UMa/UMi PL calculations, the 2D distance shall be replaced with 3D distance.
· For outdoor UEs, reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814.

· For indoor UEs,

· UMa/UMi O-I pathloss modeling is according to:
· 
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· PLtw = 20 dB
· PLin = 0.5 din, where din = Uniform(0, min(25, d)).
· PLb is determined according to the next slide.
· PLb for LOS
· Both for UMi/UMa, reuse the ITU LOS PL formula (with the new UE height)
· PLb for NLOS
· 3D UMa
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Where
· [image: image24.png]PLiyios(dsTir) = PLip a5 (A Ty =1.5) = a(hyp —1.5)




· α = [0.6][0.9]

· 3D UMi
· Alt 1:
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·  FFS height gain α 

· Alt2:

· Decrement of PL is a non-linear function of height and/or distance

· Alt3 :

· Proposal  as in R1-132100
· Environment height

· 3D UMi

· Environment height is 1m, independently of hUT.

· 3D UMa 

· A LOS UE’s environment height is 1m with probability p(d, hUT)

· Otherwise the environment height is hE(hUT).

· Details of p(d, hUT) and hE(hUT) FFS, e.g. if hE(hUT)  is a deterministic or stocastic function

The pathloss equations for UMi and UMa deployment scenarios are summarized Table 4.
Table 4 The pathloss equations for UMi and UMa
	Scenario
	Path loss [dB]

Note: fc is given in GHz and distance in meters!
	Shadow fading std [dB]
	Applicability range, antenna height default values

	Urban Micro (UMi)
	LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc) 

PL = 40log10(d3D) + 7.8 – 18log10(h’BS) –18log10(h’UT) + 2log10(fc)


	( = 3

( = 3


	10 m < d2D (or d3D)< d’BP 
d’BP < d2D  (or d3D)< 5000 m
hBS = 10 m, hUT = 1.5 m
note: Wether comparisons with breakpoint distance are made with respect to d2D or d3D is FFS

	
	NLOS
	PL = 36.7log10(d3D) + 22.7 + 26log10(fc)
	( = 4
	10 m <d3D < 2 000 m
hBS = 10 m, hUT = 1.5 m

	
	O-to-I
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PLtw = 20 dB
PLin = 0.5 din
· PLb for LOS
reuse the ITU LOS PL formula (with the new UE height)
· PLb for NLOS
· Alt 1:

PLUMi-NLOS(d3D,hUT) = PLITU-UMi-NLOS(d3D,hUT))-
[image: image27.wmf]a

(hUT-1.5)
FFS height gain α 
· Alt2:
Decrement of PL is a non-linear function of height and/or distance
· Alt3:
Proposal  as in R1-132100
	 = 7
	din = Uniform(0, min(25, d)),

hBS= 10m, hUT=3(nFl -1)+1.5m

	Urban Macro (UMa)
	LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D) + 7.8 – 18log10(h’BS) –18log10(h’UT) + 2log10(fc)
	( = 4

( = 4


	10 m < d2D (or d3D)< d’BP 
d’BP < d2D (or d3D) < 5 000 m
hBS=25 m, hUT=1.5 m
note: Wether comparisons with breakpoint distance are made with respect to d2D or d3D is FFS

	
	NLOS
	PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) +

20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)

	( = 6


	10 m < d3D < 5 000 m
h = avg. building height
W = street width
hBS =  25 m, hUT  = 1.5 m,
W = 20 m, h = 20 m

	
	O-to-I
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PLtw = 20 dB,
PLin = 0.5 din,
· PLb for LOS
reuse the ITU LOS PL formula (with the new UE height)
· PLb for NLOS
PLUMa-NLOS-3D(d3D,hUT) = max(PLUMa-NLOS(d3D,hUT), PLITU-UMa-LOS(d3D,hUT)),
Where 
PLUMa-NLOS(d3D,hUT) = PLITU-UMa-NLOS(d3D,hUT))-
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(hUT-1.5),
[image: image30.wmf]a

=[0.6,0.9]
	 = 7
(FFS)
	din = Uniform(0, min(25, d)),

hBS= 25m, hUT=3(nFl -1)+1.5m


In our simulation,
1) Comparisons with breakpoint distance are made with respect to 2D distance;
2) Alt.1 is used for PLb calculation of indoor UEs in UMi deployment scenario;
3) For environment height in UMa deployment scenario, p(d, hUT) = 1;
4) Height gain
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= [0.6, 0.9].
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