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1. Introduction

At the RAN1 #72bis meeting, issues pertaining to the 3D-channel model were discussed and several agreements were reached with respect to scenarios for 3D MIMO study, building modeling, UE dropping and antenna modeling [1]. There was also progress at the RAN1 #73 meeting on the UE height dependent LoS/NLoS probability, pathloss (PL), and calibration assumptions [2]. Table I gives the status of LoS/NLoS probability and PL issues up to now.
Table I – Current status of LoS/NLoS probability and pathloss for 3D Channel Modeling in 3GPP
	
	UMi
	UMa

	LoS/NLoS probability
	Agreed
	A function of d and hUT: FFS

	PL for outdoor LoS/NLoS UE
	Agreed
	Agreed

	PL for indoor LoS UE
	Agreed
	Agreed

	PL for indoor NLoS UE
	FFS
	Equation agreed, but height gain factor α is FFS

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

· Otherwise the environment height is hE(hUT).

· Details of p(d, hUT) and hE(hUT) is FFS


In this contribution, we present initial calibration results based on agreed 3D-channel model. More specifically, we present the results of the antenna pattern, coupling loss, geometry, and EoD-LoS angle for UMi and UMa channel model with the detailed assumptions in Table AI. Furthermore, three antenna configurations are evaluated in the initial calibration as indicated below:

· Case A: Number of vertical antennas K=10
· Case B: Number of vertical antennas K=1
· Case C: 3D antenna pattern as defined in TR36.814 [3]
2. Vertical Antenna Pattern
In this section, we investigate the vertical antenna patterns of Cases A, B, and C, as shown in Fig. 1. The maximal antenna gain is added in the vertical antenna pattern, which is 8 dBi for Cases A and B, and 17 dBi for Case C. Moreover, we assume a 102 degree downtilt for Cases A and C, and 90 degree downtilt for Case B.
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Figure 1 – Vertical antenna patterns of Cases A, B, and C
Observations:
· Vertical antenna pattern of Case A has similar maximal antenna gain (<=1 dB) and vertical half power beam width (HPBW) (
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10°) compared to the vertical antenna pattern given in Case C.

· Only when the elevation angle is in the range of (93°, 111°), the vertical antenna gain of Case A 
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=102° is larger than that of Case B.
The observations in the vertical antenna pattern would explicitly affect the coupling loss, as shown in the next section.
3. Coupling Loss, Geometry, and EoD-LOS Angle for All UEs
Initial calibration results of the coupling loss (difference between the received power and transmitted power, 
[image: image4.wmf])
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 in dB), geometry (downlink wideband SINR without fading fluctuation and transmitter/receiver gain), and EoD-LoS angle (elevation angle of LoS departure from the serving cell) for all 3D distributed UEs are provided in this section. We also present the results of the UEs at 1.5m height among all UEs in Appendix B.
3.1 Calibration Results of UMi Channel Model
The CDF of the coupling loss, geometry, and EoD-LoS angle of all 3D distributed UEs from the serving cell for UMi are shown in Fig. 2, Fig. 3, and Fig. 4, respectively.
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Figure 2 – Coupling loss (UMi: All UEs)
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Figure 3 – Geometry (UMi: All UEs)
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Figure 4 – EoD-LoS angle (UMi: All UEs)
3.2 Calibration Results of UMa Channel Model
The CDF of the coupling loss, geometry, and EoD-LoS angle of all 3D distributed UEs from the serving cell for UMa are shown in Fig. 5, Fig. 6, and Fig. 7, respectively.
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Figure 5 – Coupling loss (UMa: All UEs)
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Figure 6 – Geometry (UMa: All UEs)
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Figure 7 – EoD-LoS angle (UMa: All UEs)
Observations:

· Case A results:

· Impact of electrical downtilt: With the increasing electrical downtilt from 96° to 102°, the geometry improves although the coupling loss decreases for both UMi and UMa.
· Impact of height dependent gain, 
[image: image11.wmf]a

: As expected from the NLoS equations for indoor UEs, higher 
[image: image12.wmf]a

 improves the coupling loss.
· EoD-LoS Range: EoD-LoS of UMi has a wider range than that for UMa because the eNB antenna height is lower than the maximum UE height.

· Some UEs may experience very poor coupling loss or geometry due to the deep ditches of the vertical antenna pattern as shown in Fig. 1.
· The coupling loss of some scenarios of Case A is worse than that of Case B because some UEs are not well covered by the elevation beams of the downtilt.
· The Geometry of Case A with the downtilt of 102° is superior to that for Case C even though their CDF curves for the coupling loss are close to each other. This phenomenon may be caused by the difference in the inter-cell interference of the two cases due to the antenna patterns.

4. Summary
This contribution provides the initial 3D-channel calibration results and observations on the antenna pattern, coupling loss, geometry, and EoD-LoS angle for both UMi and UMa channel models. The results should be updated according to the further agreements on the calibration assumptions.
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Appendix A: Simulation Assumptions
Table AI – Simulation Assumptions (our temporal assumptions are highlighted in red)
	System
	UMi
	UMa

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

	Inter-site distance
	200 m
	500 m

	Carrier frequency
	2GHz

	Min. UE-BS 2D distance
	>= 10 m
	>= 35m

	Handover margin
	0dB

	BS side
	UMi
	UMa

	BS antenna height
	10 m
	25 m

	Total BS Tx power
	41dBm for 10MHz
	46dBm for 10MHz

	BS max antenna gain GE, max
	Case A&B: 8 dBi
Case C: 17dBi

	BS feeder loss
	0 dB

	Combining method in 3D antenna pattern
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Case A&B: Am = 30 dB
Case C: Am = 25 dB

	BS antenna horizontal pattern parameters
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Case A&B: 
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=65°, Am = 30 dB
Case C: 
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=70°, Am = 25 dB

	BS antenna vertical pattern parameters
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Case A&B: 
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q

 = 90°, 
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 = 65°, SLAV = 30 dB
Case C: 
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	Antenna modeling
	· For calibration of channel modeling purpose, working assumption is
· K takes two values, 1 and M
· M=10 as baseline, other values FFS

· Vertical antenna spacing is (0.5, 0.8) lambda

· Complex weight for antenna element m is 
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, where m=1,…,K,

· 
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 is electrical vertical steering angle and the angle is defined between 0° and 180° (90° represents perpendicular to array).

· The value of 
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 is FFS, and taking into account the UE height modeling

· FFS how to develop weights corresponding to the 3GPP antenna model [Table A.2.1.1-2 in TR36.814] Case A: 
[image: image25.wmf]etilt
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=96°,99°,102°

	User side
	UMi
	UMa

	Number of users per cell
	10

	User vehicle speed
	3km/h

	User noise figure
	9dB

	Indoor/outdoor UE fraction
	80% indoor

	UE distribution 
(in x-y plane)
	Uniform in cell for indoor UEs and outdoor UEs

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

nfl=1 for outdoor UEs

nfl=[4, 8] uniformly distributed for indoor UEs

Number of floors (for UE height):

· Uniformly distributed with an average and variation range

· Average number of floor: 6 for both UMa and UMi

· Variation range: [-2 to 2]

· Additional values or adjustments can be FFS as needed

	Pathloss
	UMi
	UMa

	LoS probability
	2D distance is used
Pr3D-UMi-LoS(d)=PrITU_UMi_LoS(d)
	2D distance is used

A function of d and hUT: FFS
Pr3D-UMa-LoS(d)=PrITU-UMa-LoS(d)

	Outdoor UE PL
	Reuse ITU UMi LoS/NLoS PL equations at hUT=1.5m in TR36.814
	Reuse ITU UMa LoS/NLoS PL equations at hUT=1.5m in TR36.814

	Indoor UE PL
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LoS: 
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NLoS: FFS

PLUMi-NLoS-3D(d, hUT)= max(PLUMi-NLoS(d, hUT), PLITU-UMi-LoS(d, hUT)),

where PLUMi-NLoS(d, hUT) = PLITU-UMi-NLoS(d, hUT = 1.5) –α(hUT – 1.5),

α = 0.6, 0.9
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NLoS:

PLUMa-NLoS-3D(d, hUT) = max(PLUMa-NLoS(d, hUT), PLITU-UMa-LoS(d, hUT)),

where PLUMa-NLoS(d, hUT) = PLITU-UMa-NLoS(d, hUT = 1.5) –α(hUT – 1.5),

α is FFS, and to be chosen from 0.6, 0.9, 1.1 and 1.5

	Shadow fading
	3dB (LoS), 4dB (NLoS), 7dB (O2I)
	4dB (LoS), 6dB (NLoS), 7dB (O2I)

	Environment height
	1m, indepednent of hUT
	LoS: 1m with probability p(d, hUT)

Otherwise: hE(hUT).

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

1m

	Indoor UE 2D distance from external building wall din for pathloss determination
	uniform(0,25m)


Appendix B: Coupling Loss, Geometry, and EoD-LOS Angle for UEs at 1.5m
We present the results of those UEs at 1.5m among all UEs, including both indoor UEs placed on the 1st floor (1.5m) and all outdoor UEs, which skip the impact of those parameters relating to the UE height, such as 
[image: image32.wmf]a

. The CDF curves are plotted in Fig. B1 to B6.
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Figure B1 – Coupling loss (UMi: 1.5 m UEs)
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Figure B2 – Geometry (UMi: 1.5 m UEs)
[image: image35.emf]90 95 100 105 110 115 120 125 130

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

EoD-LoS (degree)

CDF

 

 

A, 96

o

A, 99

o

A, 102

o

B, 90

o

C, 102

o


Figure B3 – EoD-LoS angle (UMi: 1.5 m UEs)
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Figure B4 – Coupling loss (UMa: 1.5 m UEs)
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Figure B5 – Geometry (UMa: 1.5 m UEs)
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Figure B6 – EoD-LoS angle (UMa: 1.5 m UEs)
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