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1. Introduction

At the RAN1 #74bis meeting and in the subsequent email discussion, there were intensive discussions for the 3D-channel modeling and several agreements were reached with respect to fast fading and assumptions on phase 2 calibration [1, 2]. Regarding the fast fading model, equations to generate EoD and EoA were agreed upon in which a Laplacian distribution is applied for modeling the power angular spectrum. Furthermore, details for large scale parameters such as cross-correlations and standard deviation of shadow fading were determined based on the current 3GPP model, WINNER+ model, and field measurements [1]. In addition, for the assumptions on phase 2 calibration, details were agreed upon including antenna configurations, UE attachment and performance metrics. In this contribution, we present results of phase 1 calibration, i.e., the antenna pattern, coupling loss, geometry, and ZoD-LOS angle, based on the agreed 3D-channel models for following three antenna configurations.
· Case A: Number of vertical antennas K = 10
· Case B: Number of vertical antennas K = 1
· Case C: 3D antenna pattern as defined in TR 36.814
We also show the initial results of phase 2 calibration in a companion paper [3].
2. Vertical Antenna Pattern
Figure 1 shows the vertical antenna patterns for cases A, B, and C as a function of the zenith angle in which 90° points to the horizon. The maximum antenna gain is added in the vertical antenna pattern, which is 8 dBi for cases A and B, and 17 dBi for case C. Spacing for vertical antenna element for case A is set to half wavelength. Furthermore, we assume an electrical downtilt of 102° for cases A and C, and no downtilt for case B. Detailed parameters are shown in [2] for cases A and B and in [4] for case C.
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Figure 1 – Vertical antenna patterns for cases A, B, and C
Observations:
· The vertical antenna pattern for case A has similar maximum antenna gain and vertical half power beam width (HPBW) as those for case C.

· We find several ditches for the result of case A, if the performance is plotted (calculated) with high granularity.
· The antenna gain for case A is approximately 18.3 dB lower than that for case B when the zenith angle is 90°. For this reason, inter-cell interference for case A is assumed to be greatly reduced.
· The vertical antenna gain for case A with the electrical downtilt of 102° is greater than that for case B, only when the zenith angle is in the range of (93°, 111°).

3. Coupling Loss, Geometry, and ZoD-LOS Angle for All UEs
The performance levels for the coupling loss (difference between the received and transmitted power in dB), geometry (downlink wideband SINR without fading fluctuation and transmitter/receiver gain), and ZoD-LOS angle (zenith angle of UE from the serving cell antenna) in the 3D-UMi and 3D-UMa scenarios for all 3D distributed UEs are described in this section. Here, a UE attachment is determined with the LOS direction, considering the past agreements [5]. In the Appendix, we also present results of UEs at the height of 1.5 m, which is collected among all 3D-distributed UEs. Detailed assumptions are given in [2]. Moreover, the handover margin is assumed to be 0 dB.
3.1 Calibration Results of 3D-UMi Channel Model
The CDFs of the coupling loss, geometry, and ZoD-LOS angle of all 3D distributed UEs from the serving cell for the 3D-UMi model are shown in Fig. 2, Fig. 3, and Fig. 4, respectively.

[image: image2.emf]-160 -140 -120 -100 -80 -60 -40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Coupling loss (dB)

CDF

 

 

A, 96

o

A, 99

o

A, 102

o

B

C


Figure 2 – Coupling loss (3D-UMi: all UEs)
Observations on coupling loss:

· The coupling loss for all UEs degrades according to the increase in the electrical downtilt.
· Some UEs may experience very poor coupling loss due to the deep ditches of the vertical antenna pattern.
· The CDF curves of the coupling loss in case A with the electrical downtilt of 102° and in case C are close to each other.
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Figure 3 – Geometry (3D-UMi: all UEs)
Observations on geometry:

· Unlike the coupling loss, the geometry is improved according to the increase in the electrical downtilt, since inter-cell interference is reduced due to the ditch around ZoD of 90 degree. For this reason, geometry of case A with the electrical downtilt of 102° is superior to that for case C.
· Some UEs may experience very poor geometry due to the deep ditches of the vertical antenna pattern.
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Figure 4 – ZoD-LOS angle (3D-UMi: all UEs)
Observations on ZoD-LOS:

· Downtilt slightly affects the ZoD-LOS through the UE attachment.
· 3D-UMi has a wide ZoD-LOS range because the eNB antenna height is lower than the maximum UE height.
3.2 Calibration Results of 3D-UMa Channel Model
The CDFs of the coupling loss, geometry, and ZoD-LOS angle of all 3D distributed UEs from the serving cell for the 3D-UMa model are shown in Fig. 5, Fig. 6, and Fig. 7, respectively.
[image: image5.emf]-160 -140 -120 -100 -80 -60 -40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Coupling loss (dB)

CDF

 

 

A, 96

o

A, 99

o

A, 102

o

B

C


Figure 5 – Coupling loss (3D-UMa: all UEs)
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Figure 6 – Geometry (3D-UMa: all UEs)
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Figure 7 – ZoD-LOS angle (3D-UMa: all UEs)
We observe similar trends for the 3D-UMa model except that the ZoD-LOS of the 3D-UMa model is greater than 90° because all UEs are lower than eNB antenna.
4. Summary
This contribution provides updated case 1 calibration results for a 3D-channel according to the latest assumptions and observations on the antenna patterns, coupling losses, geometries, and ZoD-LOS angles for both the 3D-UMi and 3D-UMa channel models. We observed the following.
Observations:

· Although the vertical antenna pattern of case A is similar to that for case C in terms of maximum antenna gain and vertical HPBW, there are several ditches which affect inter-cell interference and coupling loss.

· The geometry of case A with the electrical downtilt of 102° is superior to that for case C. This phenomenon is assumed to be caused by the difference in the inter-cell interference due to the antenna patterns around zenith angle of 90°.
· Electrical downtilt angles greatly affect the coupling loss and geometry. Although the geometry is improved according to the increase in the electrical downtilt, some UEs may experience very poor geometry the deep ditches of the vertical antenna pattern.
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Appendix: Coupling Loss, Geometry, and ZoD-LOS Angle for UEs at 1.5 m
We collect the performance of UEs at the height of 1.5 m among all 3D-distributed UEs, including both indoor UEs placed on the 1st floor (1.5 m) and all outdoor UEs with the aim to take small steps for calibration. The CDF curves are plotted in Fig. A1 to A6.
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Figure A1 – Coupling loss (3D-UMi: 1.5 m UEs)
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Figure A2 – Geometry (3D-UMi: 1.5 m UEs)
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Figure A3 – ZoD-LOS angle (3D-UMi: 1.5 m UEs)
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Figure A4 – Coupling loss (3D-UMa: 1.5 m UEs)
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Figure A5 – Geometry (3D-UMa: 1.5 m UEs)
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Figure A6 – ZoD-LOS angle (3D-UMa: 1.5 m UEs)
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