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1 Introduction
In last RAN4 meeting, some Way forwards [1-5] for 5G NR coexistence simulation assumptions were agreed which include the general simulation assumptions, BS and UE Beamforming models, ACLR and ACS models. Base on the simulation assumptions, we provide the further calibration results for dense urban scenario.
2 Steps for calibration
According to the work plan [6], the calibration procedures are divided into several steps. In last meeting, we have provided the preliminary calibration results for step 1, step 2nd-1[7-9]. In this contribution, we will revise step 1 results for dense urban scenario according to agreed assumptions.    
Table 1: calibration steps

	step
	No
	Scenario
	Target
	Purpose
	Antenna configuration
	Status

	1st
	1
	1 (indoor, 30GHz)
	Path-loss only
	Calibration of deployment and path-loss calculation
	No antenna gain and pattern are considered.
	revising in #80bis meeting

	
	2
	2 (urban, 30GHz)
	
	
	
	

	
	3
	3 (dense, 30GHz)
	
	
	
	

	2nd-1 
	4
	2 (urban, 30GHz)
	Path-loss + BS antenna element gain
	Calibration of antenna element gain on BS
	BS: assume single antenna element, i.e. assume antenna element gain and no antenna array gain.
UE: No antenna gain and pattern are considered.
	revising in #80bis meeting

	2nd-2 
	5
	2 (urban, 30GHz)
	Path-loss + UE antenna element gain
	Calibration of antenna element gain on UE
	BS: No antenna gain and pattern are considered.
UE: assume single antenna element, i.e. assume antenna element gain and no antenna array gain.
	Proposing in #80bis meeting

	3rd-1 
	6
	2 (urban, 30GHz)
	Path-loss + BS antenna array gain (i.e. BS beam forming gain)
	Calibration of antenna array gain on BS
	BS: assume multiple antenna elements, i.e. assume antenna array gain (beam forming gain).
UE: No antenna gain and pattern are considered.
	Proposing in #80bis meeting

	3rd-2 
	7
	2 (urban, 30GHz)
	Path-loss + UE antenna array gain (i.e. UE beam forming gain)
	Calibration of antenna array gain on UE
	BS: No antenna gain and pattern are considered.

UE: assume multiple antenna elements, i.e. assume antenna array gain (beam forming gain).
	Proposing in #80bis meeting

	4th 
	8
	2 (urban, 30GHz)
	Path-loss + BS antenna array gain + UE antenna array gain
	Calibration of antenna array gain on UE and BS
	Assume multiple antenna elements, i.e. assume antenna array gain (beam forming gain) in both BS and UE
	Proposing in #80bis meeting

	5th 
	9
	2 (urban, 30GHz)
	DL SINR at victim system
	Calibration of received power of desired signal and ACIR model
	Assume multiple antenna elements, i.e. assume antenna array gain (beam forming gain) in both BS and UE
	Proposing in #80bis meeting

	6th 
	10
	2 (urban, 30GHz)
	UL SINR at victim system
	Calibration of UL TPC model
	Assume multiple antenna elements, i.e. assume antenna array gain (beam forming gain) in both BS and UE
	Plan to propose in #81 meeting


3 Simulation assumptions
3.1 Scenarios

The simulation scenario is dense urban from work plan [6] which is shown in the following table.
	No.
	Aggressor
	Victim
	Simulation frequency
	Direction
	Usage scenario
	Deployment Scenario

	3
	NR, 200MHz
	NR, 200MHz
	30 GHz
	DL to DL
	eMBB
	Dense urban


Details on dense urban scenario are listed in the following table.
	Parameters
	Values
	Remark

	Network layout
	random drop 
	note1

	Number of micro BSs per macro cell
	3
	

	Minimum distance between micro BSs in single operator
	57.9 m
	

	Radius of UE dropping within a micro cell
	< 28.9 m
	

	BS antenna height
	10 m
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	80 %
	 

	
	50% low loss, 50% high loss
	Low/high Penetration loss ratio
	 

	
	LOS/NLOS
	LOS and NLOS
	Specified in TR38.900

	
	UE antenna height
	Same as 3D-UMi in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	3m
	 

	Channel model
	UMi
	Specified in TR38.900

	Shadowing correlation
	Between cite: 0.5
	Table 6.3.2.1 in TR37.809

	Note 1: micro BS is randomly deployed on macro cell. All UEs communicate with micro BS, i.e. macro cell is only used for determining position of micro BS. As a layout of macro cell, hexagonal grid, 19 macro sites, 3 sectors per site model with ISD = 200m is assumed. 
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3.2 Beamforming model
The beamforming models and parameters are revised according to WFs on BS and UE beamforming models [1, 2] approved in last RAN4 meeting. The antenna model could be illustrated in following figure.
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Figure 4-1 Antenna Model Geometry: 
[image: image4.wmf]q

: elevation, range from -90 to 90 degree
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: Azimuth, range from -180 to 180 degree
3.2.1 Element pattern
Table 3.1-1 Element pattern for antenna array model

	
	BS
	UE

	Horizontal Radiation Pattern
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	Vertical Pattern  method
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	Single element Pattern
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	Horizontal 3dB bandwidth of single element / deg (
[image: image9.wmf]dB
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	65°for single column, 80°for multi column in urban macro scenario

FFS for indoor and dense urban
	90°

	Vertical 3dB bandwidth of single element / deg (
[image: image10.wmf]dB
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)
	65°for urban macro scenario

FFS for indoor and dense urban
	90°

	Front-to-back ratio: Am and SLAv
	30dB for urban macro

25dB for indoor hotspot and dense urban
	25dB

	Element Gain including antenna losses
	8dBi
	5dBi

	Note: *GE,max is obtained from TR37.840[2] Table 5.4.4.2.1-1.


3.2.2 Composite antenna pattern
Table 3.2-1 Composite antenna pattern for beam forming

	
	BS
	UE

	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dB 
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	For beam i:
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration 
	(NV, NH) = (8, 16)
	(NV, NH) = (2, 2)

	Element spacing 
	(dV, dH) = (0.5, 0.5)λ

	Down-tilt angle (deg)
	UE specific
	90

	Orientation
	3 sectors per cell site for urban macro

FFS for dense urban and indoor hotspot
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees2

	Number of Beams per cell
	1 beam formed using all the antenna elements

	Number of scheduled UEs per cell
	1scheduled UE which is directed by the beam

	Polarization
	An additional 3dB gain is added to the beamforming gain to account for two polarization directions. 
	An additional 3dB gain is added to the beamforming gain to account for two polarization directions.


Note1: These parameters for BS are applied for the 30GHz urban macro, 30GHz and 70GHz dense urban scenarios. FFS for indoor hotspot. 

Note2: This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees
3.3 Propagation model
3.3.1 Path loss
The pathloss models are summarized in Table 7.4.1-1 and the distance definitions are indicated in Figure 7.4.1-1 and Figure 7.4.1-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 7.4.1-1.
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	Figure7.4.1-1: Definition of d2D and d3D 
for outdoor UEs
	Figure 7.4.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 
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Table 7.4.1-1: Pathloss models

	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	UMa LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 25 m



	UMa NLOS
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	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m

hBS = 25 m

Explanations: see note 3

	UMi - Street Canyon
LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 10 m

	UMi – Street Canyon NLOS
	
[image: image24.wmf]))

(

),

(

max(

3

3

D

NLOS

UMi

D

LOS

UMi

d

PL

d

PL

PL

-

-

=



[image: image25.wmf](
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	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m

hBS = 10 m 

Explanations: see note 4

	InH - Office LOS
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	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
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	σSF=8.03
	1<d3D<86m

	Note 1:
d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. 

Note 2:
The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:
UMa NLOS pathloss is from TR36.873 with simplified formatand and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.

Note 5:
Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


3.3.2 LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 7.4.2-1.
Table 7.4.2-1 LOS probability
	Scenario
	LOS probability (distance is in meters)

	UMi – Street canyon
	Outdoor users:
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Indoor users:

Use d2D-out in the formula above instead of d2D



	UMa
	Outdoor users:
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where
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Indoor users:
Use d2D-out in the formula above instead of d2D

	Indoor – Open office
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	Note: 
The LOS probability is derived with assuming antenna heights of 3m for indoor, 10m for UMi, and 25m for UMa


3.3.3 O-to-I penetration loss
The pathloss incorporating O-to-I building penetration loss is modelled as in the following:
PL = PLb + PLtw + PLin + N(0, σP2)
where PLb is the basic outdoor path loss given in Section 7.4.1. PLtw is the building penetration loss through the external wall, PLin is the inside loss dependent on the depth into the building, and σP  is the standard deviation for the penetration loss. 
PLtw is characterized as:
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  is an additional loss is added to the external wall loss to account for non-perpendicular incidence;
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, is the penetration loss of material i, example values of which can be found in Table 7.4.3-1.
pi is proportion of i-th materials, where 
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Table 7.4.3-1. Material penetration losses

	Material
	Penetration loss [dB]

	Standard multi-pane glass
	[image: image38.png]Lolass =2 +0.2-f





	IRR glass
	[image: image39.png]




	Concrete
	[image: image40.png]+4-f





	Wood
	[image: image41.png]Livood = 4.85+0.12-f





	Note: 
f is in GHz


Table 7.4.3-2 gives PLtw, PLin and σP  for two O-to-I penetration loss models. The O-to-I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
Table 7.4.3-2 O-to-I penetration loss model

	 
	Path loss through external wall: [image: image43.png]


 [dB]
	Indoor loss: [image: image45.png]


 [dB]
	Standard deviation: σP  [dB]

	Low-loss model
	[image: image46.png]5 — 10logyo(0.3 - 107 eiess/10 4 0.7 . 10~ Lconcrete/10)





	0.5d2D-in
	4.4

	High-loss model
	[image: image47.png]5 — 10logo(0.7 - 107 MRReless/10 4 3. 10~ Lconcrete/10)





	0.5d2D-in
	6.5


d2D-in is minimum of two independently generated uniformly distributed variables between 0 and 25 m for RMa, UMa and UMi-Street Canyon. d2D-in shall be UT-specifically generated.
Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon. 
Only the low-loss model is applicable to RMa. 
The composition of low and high loss is a simulation parameter that should be determined by the user of the channel models, and is dependent on the use of metal-coated glass in buildings and the deployment scenarios. Such use is expected to differ in different markets and regions of the world and also may increase over years to new regulations and energy saving initiatives. Furthermore, the use of such high-loss glass currently appears to be more predominant in commercial buildings than in residential buildings in some regions of the world
. 
The pathloss incorporating O-to-I car penetration loss is modelled as in the following:
PL = PLb + N(μ, σP2)
where PLb is the basic outdoor path loss given in Section 7.4.1. μ = 9, and σP = 5. Optionally, for metallized car windows, μ = 20 can be used. The O-to-I car penetration loss models are applicable for at least 0.6-60 GHz. 
3.4 ACLR and ACS
It is assumed that both ACLR (or the adjacent channel interference) and ACS are flat in both space and frequency. The ACIR model will be same as defined in 36.942.
4 Calibration curves for dense urban scenario
According to assumptions above, the calibration curves for dense scenario could be obtained in the following figure.
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5 Conclusion
In this contribution we provide the simulation assumptions and the calibration curves in dense urban scenario.
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