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1. Introduction
At the RAN1 #75 meeting and in the subsequent email discussion, there were intensive discussions on the remaining details of the 3D channel model including antenna patterns, the fast fading model, simulation assumptions, and the high-rise scenario and agreements are summarized in [1]. There seems to be no critical remaining issues for the modeling of 3D-UMi and 3D-UMa and calibration of the system-level simulator is to be performed. In this contribution, we present phase 1 and phase 2 calibration results on fast fading characteristics for different eNB antenna configurations using the latest assumptions with a geographical-distance-based wrapping method.
2. Phase 1 Calibration
2.1 Simulation assumptions and metrics
We present results of phase 1 calibration based on the agreed simulation assumptions. The simulation scenarios, configurations, and output metrics are summarized in Table I.
Table I. Assumptions and Metrics for Phase 1 Calibration
	Parameters
	Value

	Scenarios 
	3D-UMi, 3D-UMa

	Antenna configurations
	Config. 1: K=M=10, with 0.5λ vertical antenna spacing

Config. 2: K=1, M=1

	Downtilt
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 electrical tilt for Config. 1

	Handover margin
	0 dB

	UE attachment
	Based on pathloss considering LOS angle

	Fast fading channel
	Not modelled

	Wrapping method
	Geographical distance based

	Metrics
	1) Coupling loss (based on LOS pathloss)

	
	2) Geometry (based on LOS pathloss)

	
	3) CDF of LOS ZOD


As defined in [1], a 2D planar antenna array is the baseline, where N is the number of columns, M is the number of antenna elements with the same polarization in each column, and K is the number of antenna elements mapped to one antenna port.
2.2 Calibration results
This section describes the calibration results 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 LOS ZOD angle (zenith angle) from the serving cell antenna in the 3D-UMi and 3D-UMa scenarios for all 3D distributed UEs.
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Figure 1. Coupling loss
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Figure 2. Geometry
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Figure 3. LOS ZOD

Observations
· Coupling loss

· The coupling loss of 3D-UMi is greater than that for 3D-UMa mainly because of the shorter distance between the UE and its serving cell due to the small cell size in 3D-UMi.

· A larger gap in the coupling loss is observed between 3D-UMi and 3D-UMa in Config. 2.

· Geometry

· The geometry of Config. 1 is superior to Config. 2. This is caused by the smaller inter-cell interference for Config. 1.
· 3D-UMa has better geometry than 3D-UMi in Config. 1 while the contrary is observed in Config. 2.

· LOS ZOD

· 3D-UMi has a wide LOS ZOD range because the eNB antenna height is lower than the maximum UE height.
3. Phase 2 Calibration

We present phase 2 calibration results on fast fading characteristics. Some assumptions are different from phase 1, such as the RSRP calculation formula given in [1] will be used instead of LOS pathloss.

3.1 Simulation assumptions
The simulation assumptions used in our simulation and output metrics are summarized in Table II.

Table II. Assumptions and Metrics for Phase 2 Calibration
	Parameters
	Value

	Scenarios
	3D-UMi, 3D-UMa

	eNB antenna configurations
	Config. 1: K=1, M=2, N=2, ULA, 0.5λ H/V  spacing

Config. 2: K=M=10, N=2, X-pol (
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	MS antenna configurations
	Config. 1: 2 Rx ULA 0.5λ H spacing

Config. 2: 2 Rx X-pol (
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	System bandwidth
	10 MHz (50 RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2 GHz 

	UE distribution 
	Follows [1] 3D-UMa, 3D-UMi

	Polarized antenna modeling
	TR36.814

	UE array orientation
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	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	Geographical distance based (baseline)

	Cluster elimination step 6
	Scaling factor not changed after cluster elimination

	Handover margin 
	0 dB

	Metrics
	Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0

	
	CDF of delay spead, ASD, ASA

	
	CDF of ZSD, ZSA

	
	CDF of squared largest (1st) singular value in PRBs at t=0 plotted in 10*log10 scale (dB)

	
	CDF of squared smallest (2nd) singular value in PRBs at t=0 plotted in 10*log10 scale (dB)

	
	CDF of the squared ratio between the largest singular value and the smallest singular value in PRBs at t=0 plotted in 10*log10 scale (dB)
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denote the UT/UE bearing angle, UT/UE downtilt angle and UT/UE slant angle, respectively.. Except for the required angular spreads (ASs) in elevation, ZSD and ZSA, the delay spread (DS) and azimuth AS, ASD and ASA, are given as well. We follow the r.m.s. DS calculation and the circular AS calculation as given in [3] assuming an omni antenna pattern. As defined in [4], the singular values are calculated on a per PRB basis using 
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, where the summation is across the subcarriers in one PRB and 
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 is the number of subcarriers in one PRB. Actually, it is the eigenvalue of the channel correlation matrix, i.e., squared singular value of channel 
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. According to the definitions of Config. 1 and Config. 2, four CRS ports are defined by each antenna configuration, i.e., the UE observable channel dimensions of both antenna configurations are 
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. The 8dBi antenna gain is taken into account in the fast fading channel generation.
3.2 Calibration results
The CDFs of the DS, ASs, and the singular value performance are shown in Fig. 4, Fig. 5, and Fig. 6, respectively.
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Figure 4. Delay spread (3D-UMi)
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Figure 5. Angular spread
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Figure 6. Singular value
Observations
· DS and AS

· In general, 3D-UMa exhibits a larger DS and AS compared to 3D-UMi except for ZSD. Because ZSD is distance and UE-height dependent and there is a short distance between the UE and its serving cell in 3D-UMi leads to a larger ZSD.

· The DS of Config. 2 is slightly smaller than that for Config. 1, while ASD, ASA, ZSD, ZSA of Config. 2 are larger than those for Config. 1.

· ASA and ZSA on the UE side are larger than the ASD and ZSD on the eNB side, respectively, since multiple reflection paths usually exist around the UE.

· ZSD and ZSA exhibit a narrower range compared to ASD and ASA, respectively.
· Singular value
· In Config. 1, 3D-UMi and 3D-UMa have similar singular value distributions. However, 3D-UMa has stronger singular values than 3D-UMi in Config. 2.

· Antenna Config. 2 exhibits stronger singular values than Config. 1. A benefit may come about from the placement of CRS ports in the horizontal axis in Config. 2.

· 3D-UMi and 3D-UMa have similar ratio between the two singular values. However, Config. 2 reduces the difference between the largest singular value and the smallest singular value, implying that a higher probability for rank 2 is expected in Config. 2 than in Config. 1.
4. Summary
In this contribution, we presented phase 1 and phase 2 calibration results of different antenna configurations for the 3D-UMi and 3D-UMa channel models with a geographical-distance-based wrapping method. We observed the following based on phase 1 and phase 2 results:
· Coupling loss

· The coupling loss of 3D-UMi is greater than that for 3D-UMa mainly because of the shorter distance between the UE and its serving cell due to the small cell size in 3D-UMi.

· A larger gap in the coupling loss is observed between 3D-UMi and 3D-UMa in Config. 2.

· Geometry

· The geometry of Config. 1 is superior to Config. 2. This is caused by the smaller inter-cell interference for Config. 1.
· 3D-UMa has better geometry than 3D-UMi in Config. 1 while the contrary is observed in Config. 2.

· LOS ZOD

· 3D-UMi has a wide LOS ZOD range because the eNB antenna height is lower than the maximum UE height.
· DS and AS

· In general, 3D-UMa exhibits a larger DS and AS compared to 3D-UMi except for ZSD. Because ZSD is distance and UE-height dependent and there is a short distance between the UE and its serving cell in 3D-UMi leads to a larger ZSD.

· The DS of Config. 2 is slightly smaller than that for Config. 1, while ASD, ASA, ZSD, ZSA of Config. 2 are larger than those for Config. 1.

· ASA and ZSA on the UE side are larger than the ASD and ZSD on the eNB side, respectively, since multiple reflection paths usually exist around the UE.

· ZSD and ZSA exhibit a narrower range compared to ASD and ASA, respectively.
· Singular value

· In Config. 1, 3D-UMi and 3D-UMa have similar singular value distributions. However, 3D-UMa has stronger singular values than 3D-UMi in Config. 2.

· Antenna Config. 2 exhibits stronger singular values than Config. 1. A benefit may come about from the placement of CRS ports in the horizontal axis in Config. 2.

· 3D-UMi and 3D-UMa have similar ratio between the two singular values. However, Config. 2 reduces the difference between the largest singular value and the smallest singular value, implying that a higher probability for rank 2 is expected in Config. 2 than in Config. 1.
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