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3.2
Symbols

For the purposes of the present document, the following symbols apply:

d2D 
2D distance between Tx and Rx
d3D
3D distance between Tx and Rx
f
frequency
fc
center frequency / carrier frequency
Frx,u,θ
Receive antenna element u field pattern in the direction of the spherical basis vector 
[image: image1.wmf]q

ˆ


Frx,u,ϕ
Receive antenna element u field pattern in the direction of the spherical basis vector 
[image: image2.wmf]f

ˆ


Ftx,s,θ
Transmit antenna element s field pattern in the direction of the spherical basis vector 
[image: image3.wmf]q

ˆ


Frx,s,ϕ
Transmit antenna element s field pattern in the direction of the spherical basis vector 
[image: image4.wmf]f

ˆ


hBS
antenna height for BS
hUT
antenna height for UT
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spherical unit vector of cluster n, ray m, for receiver
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spherical unit vector of cluster n, ray m, for transmitter
(
bearing angle
(
downtilt angle
(
slant angle

cross-polarization power ratio in linear scale

lgASA
mean value of 10-base logarithm of azimuth angle spread of arrival

lgASD
mean value of 10-base logarithm of azimuth angle spread of departure

lgDS
mean value of 10-base logarithm of delay spread

lgZSA
mean value of 10-base logarithm of zenith angle spread of arrival

lgZSD
mean value of 10-base logarithm of zenith angle spread of departure

lgASA
standard deviation of 10-base logarithm of azimuth angle spread of arrival

lgASD
standard deviation of 10-base logarithm of azimuth angle spread of departure

lgDS
standard deviation value of 10-base logarithm of delay spread

lgZSA
standard deviation of 10-base logarithm of zenith angle spread of arrival

lgZSD
standard deviation of 10-base logarithm of zenith angle spread of departure
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standard deviation of SF
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azimuth angle

[image: image9.wmf]q


zenith angle

[image: image10.wmf]f

ˆ


spherical basis vector (unit vector) for GCS
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ˆ


spherical basis vector (unit vector) for LCS
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horizontal 3 dB beamwidth of an antenna
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spherical basis vector (unit vector), orthogonal to 
[image: image14.wmf]f

ˆ

, for GCS
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spherical basis vector (unit vector), orthogonal to 
[image: image16.wmf]f

¢

ˆ

, for LCS
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vertical 3 dB beamwidth of an antenna
(
Angular displacement between two pairs of unit vectors

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

2D
two-dimensional
3D
three-dimensional
AOA
Azimuth angle Of Arrival
AOD
Azimuth angle Of Departure
AS
Angular Spread
ASA
Azimuth angle Spread of Arrival
ASD
Azimuth angle Spread of Departure
BF
Beamforming
BS
Base Station
BP
Breakpoint
BW
Beamwidth
CDF
Cumulative Distribution Function
CDL
Clustered Delay Line
CRS
Common Reference Signal
D2D
Device-to-Device
DFT
Discrete Fourier Transform
DS
Delay Spread

GCS
Global Coordinate System
IID
Independent and identically distributed
InH
Indoor Hotspot
IRR
Infrared Reflecting
ISD
Intersite Distance
K
Ricean K factor
LCS
Local Coordinate System
LOS
Line Of Sight
MIMO
Multiple-Input-Multiple-Output
MPC
Multipath Component

NLOS
Non-LOS
O2I
Outdoor-to-Indoor
O2O
Outdoor-to-Outdoor
OFDM
Orthogonal Frequency-Division Multiplexing
PAS
Power angular spectrum
PL
Path Loss
PRB
Physical Resource Block
RCS
Radar cross-section
RMa
Rural Macro
RMS
Root Mean Square
RSRP
Reference Signal Received Power
Rx
Receiver
SCM
Spatial Channel Model
SINR
Signal-to-Interference-plus-Noise Ratio
SIR
Signal-to-Interference Ratio
SSCM
Statistical Spatial Channel Model
SF
Shadow Fading
SLA
Sidelobe Attenuation
TDL
Tapped Delay Line
TOA
Time Of Arrival
TRP
Transmission Reception Point
Tx
Transmitter

UMa
Urban Macro
UMi
Urban Micro
UT
User Terminal
UTD
Uniform Theory of Diffraction
V2V
Vehicle-to-Vehicle
XPR
Cross-Polarization Ratio
ZOA
Zenith angle Of Arrival
ZOD
Zenith angle Of Departure
ZSA
Zenith angle Spread of Arrival
ZSD
Zenith angle Spread of Departure

Unaffected text was omitted

6.2
Scenarios of interest
Brief description of the key scenarios of interest identified
:

(1)
UMi (Street canyon, open area) with O2O and O2I: This is similar to 3D-UMi scenario, where the BSs are mounted below rooftop levels of surrounding buildings. UMi open area is intended to capture real-life scenarios such as a city or station square. The width of the typical open area is in the order of 50 to 100 m.


Example: [Tx height:10m, Rx height: 1.5-2.5 m,  ISD: 200m]

(2)
UMa with O2O and O2I: This is similar to 3D-UMa scenario, where the BSs are mounted above rooftop levels of surrounding buildings.


Example: [Tx height:25m, Rx height: 1.5-2.5 m,  ISD: 500m]

(3)
Indoor: This scenario is intended to capture various typical indoor deployment scenarios, including office environments, and shopping malls. The typical office environment is comprised of open cubicle areas, walled offices, open areas, corridors etc. The BSs are mounted at a height of 2-3 m either on the ceilings or walls. The shopping malls are often 1-5 stories high and may include an open area (or “atrium”) shared by several floors. The BSs are mounted at a height of approximately 3 m on the walls or ceilings of the corridors and shops.


Example: [Tx height: 2-3m, Rx height: 1.5m, area:  500 square meters]

(4)
Backhaul, including outdoor above roof top backhaul in urban area and street canyon scenario where small cell BSs are placed at lamp posts.

(5)
D2D/V2V. Device-to-device access in open area, street canyon, and indoor scenarios.  V2V is a special case where the devices are mobile.

(6)
Other scenarios such as Stadium (open-roof) and Gym (close-roof).

Unaffected text was omitted

6.4
Modelling objectives

The requirements for >6 GHz channel modelling are as follows.
-
Channel model SI should take into account the outcome of RAN-level discussion in the ‘5G’ requirement study item
-
Complexity in terms of Description, Generating channel coefficients, development complexity and Simulation time should be considered. 
-
Support frequency range up to 100 GHz. 
-
The critical path of the SI is 6 – 100 GHz
-
Take care of mmW propagation aspects such as blocking and atmosphere attenuation.
-
The model should be consistent in space, time and frequency
-
Support large channel bandwidths (up to 10% of carrier frequency)
-
Aim for the channel model to cover a range of coupling loss considering current typical cell sizes, e.g. up to km-range macro cells. Note: This is to enable investigation of the relevance of the 5G system using higher frequency bands to existing deployments.
-
Accommodate UT mobility
-
Mobile speed up to 500 km/h. 
-
Develop a methodology considering that model extensions to D2D and V2V may be developed in future SI.
-
Support large antenna arrays
Unaffected text was omitted

7.4.1
Pathloss
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 UTs
	Figure 7.4.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UTs. 


Note that 
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(7.4-1)
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7.4.3
O2I penetration loss
The pathloss incorporating O2I building penetration loss is modelled as in the following:
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(7.4-2)

where 
[image: image22.wmf]b

PL

 is the basic outdoor path loss given in Section 7.4.1. 
[image: image23.wmf]tw
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 is the building penetration loss through the external wall, 
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  is the inside loss dependent on the depth into the building, and σP  is the standard deviation for the penetration loss. 
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 is characterized as:


[image: image26.wmf]å

=

-

÷

÷

ø

ö

ç

ç

è

æ

´

-

=

N

i

L

i

npi

tw

i

material

p

1

10

10

_

10

log

10

PL

PL


(7.4-3)
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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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; and N is the number of materials.
Table 7.4.3-1. Material penetration losses

	Material
	Penetration loss [dB]

	Standard multi-pane glass
	
[image: image30.wmf]f

L

2

.

0

2

glass

+

=



	IRR glass
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	Concrete
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	Wood
	
[image: image33.wmf]f

L

12

.

0

85

.

4

wood

+

=



	Note: 
f is in GHz


Table 7.4.3-2 gives 
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, 
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  and σP  for two O2I penetration loss models. The O2I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
Table 7.4.3-2 O2I penetration loss model

	 
	Path loss through external wall: 
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 [dB]
	Indoor loss: 
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 [dB]
	Standard deviation: σP  [dB]

	Low-loss model
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	0.5d2D-in
	4.4

	High-loss model
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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 O2I car penetration loss is modelled as in the following:
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where 
[image: image41.wmf]b
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 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 O2I car penetration loss models are applicable for at least 0.6-60 GHz. 
Unaffected text was omitted

7.5
Fast fading model

Unaffected text was omitted

Step 11: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.
The method described below is used at least for drop-based evaluations irrespective of UT speeds. Relevant cases for drop-based evaluations are:
Unaffected text was omitted

Step 12: Apply pathloss and shadowing for the channel coefficients.

Table 7.5-6 Part-1: Channel model parameters for UMi-Street Canyon and UMa (for fc > 6 GHz)
	Scenarios
	UMi – Street Canyon
	UMa

	
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-0.24 log10 (1+ fc) - 7.14
	-0.24 log10 (1+ fc) – 6.83
	-6.62
	-6.955 - 0.0963 log10(fc)
	-6.28 - 0.204 log10(fc)
	-6.62

	
	lgDS
	0.38
	0.16 log10 (1+ fc) + 0.28
	0.32
	0.66
	0.39
	0.32

	AoD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	-0.05 log10(1+ fc) + 1.21
	-0.23 log10(1+ fc)  + 1.53
	1.25
	1.06 + 0.1114 log10(fc)
	1.5 - 0.1144 log10(fc)
	1.25

	
	lgASD
	0.41
	0.11 log10(1+ fc)  + 0.33
	0.42
	0.28
	0.28
	0.42

	AoA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	-0.08 log10(1+ fc) + 1.73
	-0.08 log10(1+ fc)  + 1.81
	1.76
	1.81
	2.08 - 0.27 log10(fc)
	1.76

	
	lgASA
	0.014 log10(1+ fc) + 0.28
	0.05 log10(1+ fc)  + 0.3
	0.16
	0.20
	0.11
	0.16

	ZoA spread (ZSA)

lgZSA=log10(ZSA/1()
	lgZSA
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc)  + 0.92
	1.01
	0.95
	-0.3236 log10(fc) + 1.512
	1.01

	
	lgZSA
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc)  + 0.41
	0.43
	0.16
	0.16
	0.43

	Shadow fading (SF) [dB]
	SF
	See table 7.4.1-1
	See table 7.4.1-1
	7
	See table 7.4.1-1
	See table 7.4.1-1
	7

	K-factor (K) [dB]
	K
	9
	N/A
	N/A
	9
	N/A
	N/A

	
	K
	5
	N/A
	N/A
	3.5
	N/A
	N/A

	Cross-Correlations 
	ASD vs DS
	0.5 
	0 
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8 
	0.4 
	0
	0.8
	0.6
	0

	
	ASA vs SF
	-0.4 
	-0.4 
	0.53
	-0.5
	0
	0.53

	
	ASD vs SF
	-0.5 
	0 
	0
	-0.5
	-0.6
	0

	
	DS   vs SF
	-0.4 
	-0.7 
	-0.5
	-0.4
	-0.4
	-0.5

	
	ASD vs ASA
	0.4 
	0 
	0
	0
	0.4
	0

	
	ASD vs 
	-0.2 
	N/A
	N/A
	0
	N/A
	N/A

	
	ASA vs 
	-0.3 
	N/A
	N/A
	-0.2
	N/A
	N/A

	
	DS vs 
	-0.7 
	N/A
	N/A
	-0.4
	N/A
	N/A

	
	SF vs 
	0.5 
	N/A
	N/A
	0
	N/A
	N/A

	Cross-Correlations 1)
	ZSD vs SF
	0 
	0 
	0
	0
	0
	0

	
	ZSA vs SF
	0 
	0 
	0.4
	-0.8
	-0.4
	0.4

	
	ZSD vs K
	0 
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSA vs K
	0 
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSD vs DS
	0 
	-0.5 
	0
	-0.2
	-0.5
	0

	
	ZSA vs DS
	0.2 
	0 
	-0.53
	0
	0
	-0.53

	
	ZSD vs ASD
	0.5 
	0.5 
	0
	0.5
	0.5
	0

	
	ZSA vs ASD
	0.3 
	0.5 
	0.42
	0
	-0.1
	0.42

	
	ZSD vs ASA
	0 
	0 
	0
	-0.3
	0
	0

	
	ZSA vs ASA
	0 
	0.2 
	0
	0.4
	0
	0

	
	ZSD vs ZSA
	0 
	0 
	0
	0
	0
	0

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian

	Delay scaling parameter  r(
	3
	2.1
	2.2
	2.5
	2.3
	2.2

	XPR [dB]
	XPR
	9
	8.0
	9
	8
	7
	9

	
	XPR
	3
	3
	5
	4
	3
	5

	Number of clusters 
[image: image42.wmf]N


	12
	19
	12
	12
	20
	12

	Number of rays per cluster 
[image: image43.wmf]M


	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image44.wmf]DS

c

)
	5
	11
	11
	max(0.25, -3.4084 log10 (

fc)+6.5622)
	max(0.25, -3.4084 log10 (

fc )+6.5622)
	11

	Cluster ASD (
[image: image45.wmf]ASD

c

)
	3
	10
	5
	5
	2
	5

	Cluster ASA (
[image: image46.wmf]ASA

c

)
	17
	22
	20
	11
	15
	20

	Cluster ZSA (
[image: image47.wmf]ZSA

c

)
	7
	7
	6
	7
	7
	6

	Per cluster shadowing std  [dB]
	3
	3
	4
	3
	3
	4

	Correlation distance in the horizontal plane [m]
	DS
	7
	10
	10
	30
	40
	10

	
	ASD
	8
	10
	11
	18
	50
	11

	
	ASA
	8
	9
	17
	15
	50
	17

	
	SF
	10
	13
	7
	37
	50
	7

	
	
	15
	N/A
	N/A
	12
	N/A
	N/A

	
	ZSA
	-4.95 log10 (1+fc)+12.65
	10
	25
	15
	50
	25

	
	ZSD
	-3.76 log10 (1+fc)+11.92
	10
	25
	15
	50
	25

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.
NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.


Table 7.5-6 Part-2: Channel model parameters for RMa (up to 7GHz) and Indoor-Office (fc > 6 GHz)
	Scenarios
	RMa 
	Indoor-Office

	
	LOS
	NLOS
	LOS O2I
	NLOS 

O2I
	LOS
	NLOS

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.49
	-7.43
	-7.49
	-7.43
	-0.01 log10 (1+fc)-7.79
	-0.28 log10 (1+fc)-7.29

	
	lgDS
	0.55
	0.48
	0.55
	0.48
	-0.16 log10 (1+fc)+0.50
	0.10 log10 (1+fc)+0.11

	AoD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	0.90
	0.95
	0.90
	0.95
	1.60
	1.49

	
	lgASD
	0.38
	0.45
	0.38
	0.45
	0.18
	0.17

	AoA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	1.52
	1.52
	1.52
	1.52
	-0.19 log10 (1+fc)+1.86
	-0.11 log10 (1+fc)+1.80

	
	lgASA
	0.24
	0.13
	0.24
	0.13
	0.12 log10 (1+fc)
	0.12 log10 (1+fc)

	ZoA spread (ZSA)

lgZSA=log10(ZSA/1()
	lgZSA
	0.60
	0.88
	0.60
	0.88
	-0.26 log10 (1+fc)+1.21
	-0.15 log10 (1+fc)+1.04

	
	lgZSA
	0.16
	0.16
	0.16
	0.16
	 -0.04 log10 (1+fc)+0.17
	-0.09 log10 (1+fc)+0.24

	Shadow fading (SF) [dB]
	SF
	See table 7.4.1-1.
	See note 4
	See table 7.4.1-1. 

	K-factor (K) [dB]
	K
	7
	N/A
	7
	N/A
	0.84 log10 (1+fc)+2.12
	N/A

	
	K
	4
	N/A
	4
	N/A
	-0.58 log10 (1+fc)+6.19
	N/A

	Cross-Correlations 
	ASD vs DS
	0
	-0.4
	0
	-0.4
	0.6
	0.4

	
	ASA vs DS
	0
	0
	0
	0
	0.8
	0

	
	ASA vs SF
	0
	0
	0
	0
	–0.5
	–0.4

	
	ASD vs SF
	0
	0.6
	0
	0.6
	–0.4
	0

	
	DS   vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	–0.8
	–0.5

	
	ASD vs ASA
	0
	0
	0
	0
	0.4
	0

	
	ASD vs 
	0
	N/A
	0
	N/A
	0
	N/A

	
	ASA vs 
	0
	N/A
	0
	N/A
	0
	N/A

	
	DS vs 
	0
	N/A
	0
	N/A
	-0.5
	N/A

	
	SF vs 
	0
	N/A
	0
	N/A
	0.5
	N/A

	Cross-Correlations 1)
	ZSD vs SF
	0
	0
	0
	0
	0.2
	0

	
	ZSA vs SF
	-0.8
	-0.4
	-0.8
	-0.4
	-0.1
	-0.1

	
	ZSD vs K
	0
	N/A
	0
	N/A
	0
	N/A

	
	ZSA vs K
	0
	N/A
	0
	N/A
	0.1
	N/A

	
	ZSD vs DS
	0
	-0.5
	0
	-0.5
	0.1
	-0.1

	
	ZSA vs DS
	0
	0
	0
	0
	0.2
	-0.1

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.2
	0.3

	
	ZSA vs ASD
	0
	-0.1
	0
	-0.1
	0.2
	0.2

	
	ZSD vs ASA
	0
	0
	0
	0
	0.1
	0.1

	
	ZSA vs ASA
	0
	0
	0
	0
	0.3
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0.2
	0.4

	Delay distribution
	Exp

	AoD and AoA distribution
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian

	Delay scaling parameter  r(
	3.8
	1.7
	3.8
	1.7
	2.15
	1.84

	XPR [dB]
	XPR
	12
	7
	12
	7
	15
	12

	
	XPR
	4
	3
	4
	3
	3
	7

	Number of clusters
	11
	10
	11
	10
	8
	10

	Number of rays per cluster
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image48.wmf]DS

c

)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image49.wmf]ASD

c

)
	2
	2
	2
	2
	7
	3

	Cluster ASA (
[image: image50.wmf]ASA

c

)
	3
	3
	3
	3
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	Cluster ZSA (
[image: image53.wmf]ZSA

c

)
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	Per cluster shadowing std  [dB]
	3
	3
	3
	3
	6
	3

	Correlation distance in the horizontal plane [m]
	DS
	50
	36
	50
	36
	8
	5

	
	ASD
	25
	30
	25
	30
	7
	3

	
	ASA
	35
	40
	35
	40
	5
	3

	
	SF
	37
	120
	37
	120
	10
	6

	
	
	40
	N/A
	40
	N/A
	4
	N/A

	
	ZSA
	15
	50
	15
	50
	3
	3

	
	ZSD
	15
	50
	15
	50
	3
	3

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.
NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 4: 
For RMa LOS O2I and RMa NLOS O2I, the same shadow fading is used as for RMa LOS and RMa NLOS, respectively.


Table 7.5-7: ZSD and ZoD offset parameters for UMa

	Scenarios
	LOS/

LOS O2I
	NLOS/

NLOS O2I

	ZoD spread (ZSD)

lgZSD=log10(ZSD/1()
	lgZSD
	max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]

	
	lgZSD
	0.40
	0.49

	ZoD offset
	µoffset,ZOD
	0
	e(fc)-10^{a(fc) log10(max(b(fc), d2D))+c(fc)}

	Note: 
For NLOS ZOD offset: 
a(fc) = 0.208log10(fc)- 0.782; 

b(fc) = 25; 

c(fc) = -0.13log10(fc)+2.03; 

e(fc) = 7.66log10(fc)-5.96. 



Table 7.5-8: ZSD and ZoD offset parameters for UMi – Street Canyon

	Scenarios
	LOS/

LOS O2I
	NLOS/

NLOS O2I

	ZoD spread (ZSD)

lgZSD=log10(ZSD/1()
	lgZSD
	max[-0.21, -14.8(d2D/1000) + 0.01|hUT-hBS| + 0.83]
	max[-0.5, -3.1(d2D/1000) + 0.01 max(hUT-hBS,0) +0.2]

	
	lgZSD
	0.35
	0.35

	ZoD offset
	µoffset,ZOD
	0
	-10^{-1.5log10(max(10, d2D))+3.3}


Table 7.5-9: ZSD and ZoD offset parameters for RMa 
	Scenarios
	LOS/

LOS O2I
	NLOS/

NLOS O2I

	ZoD spread (ZSD)

lgZSD=log10(ZSD/1()
	lgZSD
	0.3
	0.3

	
	lgZSD
	0.40
	0.49

	ZoD offset
	µoffset,ZOD
	0
	arctan((35-5)/ d2D )- arctan((35-1.5)/ d2D )


Table 7.5-10: ZSD and ZoD offset parameters for Indoor-Office

	Scenarios
	LOS
	NLOS

	ZoD spread (ZSD)

lgZSD=log10(ZSD/1()
	lgZSD
	-1.43 log10(1+ fc)+2.25
	1.37

	
	lgZSD
	0.13 log10(1+fc)+0.15
	0.38

	ZoD offset
	µoffset,ZOD
	0
	0


Notes for Table 7.5-7, 7.5-8, 7.5-9, 7.5-10:

NOTE 1:
fc is center frequency in GHz; d2D is BS-UT distance in m.

NOTE 2:
hBS and hUT are antenna heights in m for BS and UT respectively.
NOTE 3:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.
Unaffected text was omitted

7.8.1
Large scale calibration 

For large scale calibration, fast fading is not modeled. The calibration parameters can be found in Table 7.8-1. The calibration results can be found in R1-165974.
Table 7.8-1: Simulation assumptions for large scale calibration

	Parameter
	Values

	Scenarios 
	UMa, UMi-Street Canyon, Indoor-office

	Sectorization
	3 sectors per cell site: 30, 150 and 270 degrees
[image: image56.png]90 deg
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	BS antenna configurations
	Mg = Ng = 1; (M,N,P) = (10,1,1), dV = 0.5lambda 

	BS port mapping
	The 10 elements are mapped to a single CRS port

	BS antenna electrical downtilting
	102 degrees for UMa and UMi Street Canyon

110 degrees for indoor

	Antenna virtualization
	DFT precoding according to TR 36.897 with application of panning and tilting angles

	BS Tx power
	44 dBm for UMi-Street Canyon, 49 for UMa at 6GHz

35 dBm at 30GHz and 70 GHz for UMa and UMi-Street canyon

24 dBm for Indoor for all carrier frequencies

	Bandwidth
	20MHz for 6GHz, and 100MHz for 30Ghz and 70 GHz 

	UT antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	Handover margin (for calibration)
	0dB

	UT distribution 
	Following TR36.873 for UMa and UMi, (3D dropping)

uniform dropping for indoor with minimum distance (2D) of 0 m

	UT attachment
	Based on pathloss considering LOS angle

	UT noise figure
	9 dB

	Fast fading channel
	Fast fading channel is not modelled

	O2I penetration loss
	50% low loss and 50% high loss



	Carrier Frequency
	6 GHz, 30 GHz, 70GHz

	Wrapping method for UMa and UMi
	geographical distance based wrapping (mandatory)

radio distance (optional)

	Metrics
	1) Coupling loss – serving cell (based on LOS pathloss)

	
	2) Geometry (based on LOS pathloss) with and without white noise


7.8.2
Full calibration 

The calibration parameters for full calibration including the fast fading modeling can be found in Table 7.8-2. Unspecified parameters in Table 7.8-2 are the same as those in Table 7.8-1. When P=2, X-pol (+/-45 degree) is used for BS antenna configuration 1 and X-pol (0/+90 degree) is used for UT antenna configuration. The calibration results can be found in R1-165975.
Table 7.8-2: Simulation assumptions for full calibration

	Parameter
	Values

	Scenarios
	3D-UMa, 3D-UMi-street Canyon, Indoor-office

	Carrier Frequency
	6 GHz, 30 GHz, 60GHz, 70GHz

	Bandwidth
	20MHz for 6GHz, and 100MHz for 30GHz, 60 GHz and 70 GHz 

	BS Tx power
	44 dBm for UMi-Street Canyon, 49 for UMa at 6GHz

35 dBm at 30GHz, 60 GHz and 70 GHz for UMa and UMi-Street canyon

24 dBm for Indoor for all carrier frequencies

	BS antenna configurations
	Config 1: M=4,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=dV,g=2.5lambda  … calibration metrics 1), 2), 3) are calibrated

Config 2: Mg=Ng=1, M=N=2, P = 1 … calibration metrics 1), 2), 4) are calibrated

	BS port mapping
	Config 1: all 16 elements for each polarization on each panel are mapped to a single CRS port; panning angles of the two subarrays: (0,0) degs; same downtilt angles as used for the large-scale calibrations

Config 2: each antenna element is mapped to one CRS port 

	UT antenna configurations
	Mg=Ng=1, M=N=1, P=2



	UT distribution 
	Following TR36.873 for UMa and UMi, (3D dropping)

uniform dropping for indoor with minimum distance (2D) of 0 m

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

	Polarized antenna modelling
	Model-2 in TR36.873

	UT array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UT antenna pattern
	Omnidirectional

	Metrics
	1) Coupling loss – serving cell 

	
	2) Wideband SIR before receiver without noise

	
	3) CDF of Delay Spread and Angle Spread (ASD, ZSD, ASA, ZSA) from the serving cell (according to circular angle spread definition of TR 25.996) 

	
	4) 
CDF of largest (1st) PRB singular values (serving cell) at t=0 plotted in 10*log10 scale 
CDF of smallest (2nd) PRB singular values (serving cell) at t=0 plotted in 10*log10 scale
CDF of the ratio between the largest PRB singular value and the smallest PRB singular value (serving cell) at t=0 plotted in 10*log10 scale
Note: The PRB singular values of a PRB are the eigenvalues of the mean covariance matrix in the PRB.


7.8.3
Calibration of additional features 
The calibration parameters for the calibration of oxygen absorption, large bandwidth and large antenna array, spatial consistency, and blockage can be respectively found in Table 7.8-3, 7.8-4, 7.8-5, and 7.8-6. Unspecified parameters in these tables are the same as those in Tables 7.8-1 and 7.8-2. When P=2, X-pol (+/-45 degree) is used for BS antenna configuration 1 and X-pol (0/+90 degree) is used for UT antenna configuration.
Unaffected text was omitted

Table 7.8-5: Simulation assumptions for calibration for spatial consistency
	Parameter
	Values

	Scenarios
	3D-UMi-street Canyon

	Carrier Frequency
	30 GHz

	BS antenna configurations
	M=4,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=dV,g=2.5lambda  

	BS port mapping
	all 16 elements for each polarization on each panel are mapped to a single CRS port; panning angles of the two subarrays: (0,0) degs; same downtilt angles as used for the large-scale calibrations

	UT distribution
	Following TR36.873, 3D dropping

uniform dropping for indoor with minimum distance of 0 m
For Config1: 100% UT indoor and in the 1st floor

For Config2: 100% UT outdoor

	Mobility
	Config1: UT is stationary

Config2: UT is moving with random direction and fixed speed, e.g., 30 km/h

	Calibration method
	For Config1:

Drop multiple UTs in a single cell, determine all permutations of pairs of UTs, collect the variables for each pair and bin them into certain distance ranges, e.g., 1m/2m/10m, to get enough samples. Collect the following metrics 1) –6).
For Config2:

Drop multiple users in the single cell, and collect metric 1)-2) and 7)-9) for each user after attachment.

	Metrics
	1)
CDF of coupling loss (serving cell)
2)
Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0 
3)
Cross-correlation coefficient of delay for the third cluster between paired UTs*
4)
Cross-correlation coefficient of AoA for the third cluster between paired UTs
5)
Cross-correlation coefficient of LoS/NLoS status between paired UTs
6)
Cross correlation coefficient of the channel response in Step 11 on the first single subcarrier in a first PRB in an OFDM symbol on antenna port 0 received on the first UT antenna over multiple realizations between paired UTs
7)
CDF of average varying rate of power for the third cluster**
8)
CDF of average varying rate of delay for the third cluster

9)
CDF of average varying rate of AoA for the third cluster

	*
For the UT pair at a certain distance range, the variables collected by two UTs can be denoted as X and Y, respectively, then the cross-correlation coefficient can be written as [E(XY)-E(X)E(Y)]/sqrt([E(X^2)-E(X)^2]/ sqrt([E(Y^2)-E(Y)^2]).

**
For the average varying rate, we assume the collecting interval, e.g., 100ms, and then get the samples for a certain UT, the varying rate can be written as the standard variance of the samples / 100ms. 


Table 7.8-6: Simulation assumptions for calibration for blockage
	Parameter
	Values

	Scenarios
	3D-UMi-street Canyon

	Carrier Frequency
	30 GHz

	BS antenna configurations
	M=4,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=dV,g=2.5lambda  

	BS port mapping
	all 16 elements for each polarization on each panel are mapped to a single CRS port; panning angles of the two subarrays: (0,0) degs; same downtilt angles as used for the large-scale calibrations

	Calibration method
	For Model A:

Drop multiple users in the multiple cells, and collect the following metrics 1) – 3) for each user after attachment. Optional self-blocking feature is made mandatory in the Landscape mode only for calibration purposes.
For Model B: 

Drop a BS in (0,0,30) and a UT in (100,0,1.5), 
Jump directly to step 11 and replace the channel with CDL-A.

Drop a blocking screen of size 10x2 m in (80,10,1.5)

Move the UT from (100,0,1.5) to (100,20,1.5) in small increments.

Collect metric 4)

	Metrics
	1)
CDF of coupling loss (serving cell)
2)
Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0 
3)
CDF of ASA from the serving cell
4)
RSRP as a function of UT position


Unaffected text was omitted
�The scenarios of interest are based on the plenary email discussion and different from the supported scenarios in section 7 


� One example survey for the US market can be found in [5]. The survey does not necessarily be representative for all the scenarios. Other ratios outside of the survey should not be precluded.  





