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1. Introduction
In the last RAN1 meeting (RAN1 #74b), the simulation assumptions for channel model calibration/baseline were discussed. The following agreement is reached:

Agreement:

· Phase 2 calibration details

· BS antenna configuration:

· Config 1: K=1, M=2, N=2, ULA, 0.5λ H/V  spacing

· Config 2: K=M=10, N=2, X-pol, 0.5λ H/V spacing with the antenna weights in the working assumption with θtilt = 12 degrees

· MS antenna configuration: 2 antennas with the same pol as BS

· System bandwidth: 10 MHz

· The following metrics for the serving cell are calibrated for each antenna configuration (collected over multiple runs)

· CDFs of ESD and ESA

· CDF of average wideband SINR before receiver (i.e., geometry) 

· CDF of largest (1st) singular value in PRBs at t=0

· CDF of smallest (2nd) singular value in PRBs at t=0

· CDF of the ratio between the largest singular value and the smallest singular value in PRBs at t=0

· Additional details 

· Dimension of the channel matrix: 

· 2 x (number of BS antenna ports)

· Singular value calculation

· Derived with channel matrices where antenna gain is applied but PL and shadowing are not modeled, 

· Singular values are calculated on a per PRB basis by 
· eig(∑HHH)/N , where the summation is across the PRB and N is number of subcarriers in the PRB
In this contribution, the initial fast fading calibration results for 3D UMa/UMi are presented.
2. Evaluation results
The evaluation assumptions are summarized in annex. Most of them are made according to the agreements in RAN1 #72, 72b, 73, 74, 74b. The assumptions that have not been fully agreed are further clarified in annex.
Two antenna configurations are considered in this contribution.
· Antenna configuration 1: BS antenna configuration : K=1, M=2, N=2, ULA, 0.5λ H/V  spacing; MS antenna configuration: 2 antennas with the same pol as BS
· Antenna configuration 2 : BS antenna configuration : K=M=10, N=2, X-pol, 0.5λ H/V spacing with the antenna weights in the working assumption with θtilt = 12 degrees; MS antenna configuration: 2 antennas with the same pol as BS
2.1. CDFs of ESD
Cumulative distributions of ESD for UMa and UMi using antenna configuration 1 and 2 are illustrated in Fig.1 and Fig.2. 
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Figure 1 CDF of ESD for UMa and UMi with antenna configuration 1
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Figure 2 CDF of ESD for UMa and UMi with antenna configuration 2
From these two figures we can see that the ESD of UMi is larger than that of UMa. 90% ESD value is less than 5 degree for UMa, while 90% ESD value is less than 15 degree for UMi. 
2.2. CDFs of ESA
Cumulative distributions of ESA for UMa and UMi using antenna configuration 1 and 2 are illustrated in Fig.3 and Fig.4. 
[image: image3.emf]0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

degree

CDF

ESA

 

 

UMa

UMi


Figure 3 CDF of ESA for UMa and UMi with antenna configuration 1
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Figure 4 CDF of ESA for UMa and UMi with antenna configuration 2
From these two figures we can see that the ESA of UMi is a little bit larger than that of UMa. Compared with Fig.1 and Fig.2, we can see that ESA is larger that ESD.
2.3. CDF of Geometry
Cumulative distributions of geometry for UMa and UMi using antenna configuration 1 and 2 are illustrated in Fig.5 and Fig.6. 
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Figure 5 CDF of geometry for UMa and UMi with antenna configuration 1
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Figure 6 CDF of geometry for UMa and UMi with antenna configuration 2
From these two figures we can see that the geometry of UMi is a little better than that of UMa.
2.4. CDFs of singular values
CDF of largest (1st) singular value in PRBs at t=0
Cumulative distributions of largest singular value for UMa and UMi using antenna configuration 1 and 2 are illustrated in Fig.7 and Fig.8. 
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Figure 7 CDF of largest singular value for UMa and UMi with antenna configuration 1
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Figure 8 CDF of largest singular value for UMa and UMi with antenna configuration 2
CDF of smallest (2nd) singular value in PRBs at t=0
Cumulative distributions of smallest singular value for UMa and UMi using antenna configuration 1 and 2 are illustrated in Fig.9 and Fig.10. 
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Figure 9 CDF of smallest singular value for UMa and UMi with antenna configuration 1
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Figure 10 CDF of smallest singular value for UMa and UMi with antenna configuration 2
CDF of the ratio between the largest singular value and the smallest singular value in PRBs at t=0
Cumulative distributions of the ratio between the largest singular value and the smallest singular value for UMa and UMi using antenna configuration 1 and 2 are illustrated in Fig.11 and Fig.12. 
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Figure 11 CDF of the ratio between the largest singular value and the smallest singular value for UMa and UMi with antenna configuration 1
[image: image12.emf]0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

dB

CDF

Ratio

 

 

UMi

UMa


Figure 12 CDF of the ratio between the largest singular value and the smallest singular value for UMa and UMi with antenna configuration 2
From these figures we can see that the ratio between the largest singular value and the smallest singular value for antenna configuration 1 is larger than that for for antenna configuration 2.
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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, two antenna configurations are considered according to the agreements of RAN1 #74b, which are described in Table 2.
Table 2 Antenna assumptions
	
	Antenna configuration 1
	Antenna configuration 2

	BS antenna configuration
	K=1, M=2, N=2, ULA
	K=M=10, N=2, X-pol

	MS antenna configuration
	2 antennas, ULA
	2 antennas, X-pol

	Complex weight for antenna element
	N.A.
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 where m=1,…,K

	antenna element spacing
	0.5 lambda H/V
	0.5 lambda H/V

	Downtilt
	-
	102

	HPBW (vertical)
	65
	65

	HPBW(azimuth)
	65
	65

	FTBR (vertical)
	30dB
	30dB

	FTBR (azimuth)
	30dB
	30dB

	Antenna gain
	8dBi
	8dBi


Annex A.3 Pathloss models

The pathloss models are illustrated in Table 3.
Table 3 Pathloss models

	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	3D-UMi LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF=3

 σSF =3
	10m < d2D < d'BP1)
d'BP < d2D < 5000m1)
hBS = 10m1), 1.5m ≦ hUT≦ 22.5m1) 

	3D-UMi NLOS
	For hexagonal cell layout:

PL = max(PL3D-UMi-NLOS, PL3D-UMi-LOS),

PL3D-UMi-NLOS = 36.7log10(d3D) + 22.7 + 26log10(fc) – 0.3(hUT - 1.5)
	σSF =4
	10 m < d2D < 2000m2)
hBS = 10m

1.5m ≦ hUT≦ 22.5m

	3D-UMi O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:

PLb = PL3D-UMi (d3D-out + d3D-in)

PLtw = 20

PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m

0m < d2D-in < 25m

hBS = 10m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.

Explanations: see 3)

	3D-UMa LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF =4

σSF =4
	10m < d2D < d'BP4)
d'BP < d2D < 5000m4)
hBS = 25m4), 1.5m ≦ hUT ≦ 22.5m4) 

	3D-UMa O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:

PLb = PL3D-UMa(d3D-out + d3D-in)

PLtw = 20

PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m

0m < d2D-in < 25m

hBS = 25m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.

Explanations: see 5)

	3D-UMa NLOS
	PL = max(PL3D-UMa-NLOS, PL3D-UMa-LOS),

PL3D-UMa-NLOS = 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 (17.625)) 2 - 4.97) – 0.6(hUT - 1.5)
	σSF =6
	10 m < d2D < 5 000 m
h = avg. building height, W = street width
hBS = 25 m, 1.5m ≦ hUT≦ 22.5m, W = 20m, h = 20 m

The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1.5 m ≦ hUT ≦ 22.5 m

Explanations: see 6)


Annex A.4 ESD/ESA distribution
The EOD and EOA PAS is modelled as a Laplacian function. The following models are used in this contribution:

· EOD spread (ESD), log10([0])

· 3D-UMa-NLOS and 3D-UMa-NLOS-2-I: µ =max[-1,-1.6(d2D/1000)+0.57+0.008(hUT)], σ=0.14
· 3D-UMa-LOS and 3D-UMa-LOS-2-I: µ =max[-1,-1.35(d2D /1000)+0.43+0.008(hUT)], σ=0.04
· 3D-UMi-NLOS and 3D-UMi-NLOS-2-I: µ =max[-1,-2.3(d2D/1000)+0.78+0.02(hUT)], σ=0.59
· 3D-UMi-LOS and 3D-UMi-LOS-2-I: µ =max[-1,-1.6(d2D /1000)+0.64+0.02(hUT)], σ=0.50
· EOA spread (ESA), log10([0])
· 3D-UMa-NLOS: µ =1.05, σ=0.09
· 3D-UMa-LOS: µ =0.87, σ=0.05
· 3D-UMa-O2I: µ =1.18, σ=0.44
· 3D-UMi-NLOS: µ =1.35, σ=0.81
· 3D-UMi-LOS: µ =1.20, σ=0.60
· 3D-UMi-O2I: µ =1.18, σ=0.44
