Page 1



TSG-RAN WG1 NR Ad Hoc
R1-1701158
Spokane, WA, USA, January 16 – 20, 2017

	CR-Form-v11.1

	Draft CHANGE REQUEST

	

	
	38.900
	CR
	
	rev
	
	Current version:
	14.2.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	


	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	
	Core Network
	


	

	Title:

	TR38.900_draftCR_Ground_Reflection_Model

	
	

	Source to WG:
	Fraunhofer HHI

	Source to TSG:
	RAN1

	
	

	Work item code:
	FS_6GHz_CH_model
	
	Date:
	

	
	
	
	
	

	Category:
	B
	
	Release:
	Rel-14

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8
(Release 8)
Rel-9
(Release 9)
Rel-10
(Release 10)
Rel-11
(Release 11)
Rel-12
(Release 12)
Rel-13
(Release 13)
Rel-14
(Release 14)

	
	

	Reason for change:
	As agreed at the RAN1 channel model ad hoc meeting in Ljubljana an explicit ground reflection model is considered as an additional necessary feature, cf. R1-161701. This agreement shall be captured in the TR. A text proposal for a new section is given below.

	
	

	Summary of change:
	Changes are visible in word’s track changes mode

	
	

	Consequences if not approved:
	Currently ITU-R works on a similar model feature. Integrating this feature ahead shall give 3GPP members the opportunity to get familiar with it before it becomes obligatory. 

	
	

	Clauses affected:
	Section 2, 7.5, new Section 7.6.8

	1
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications

	

	affected:
	
	X
	 Test specifications
	

	(show related CRs)
	
	X
	 O&M Specifications
	

	
	

	Other comments:
	


Text Proposal
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TD RP-151606: "Study on channel model for frequency spectrum above 6 GHz ".

[3]
3GPP TR 36.873 (V12.2.0): "Study on 3D channel model for LTE".

[4]
3GPP RP-151847: “Report of RAN email discussion about >6GHz channel modelling”, Samsung
[5]
3GPP R1-163408: “Additional Considerations on Building Penetration Loss Modeling for 5G System Performance Evaluation,” Straight Path Communications
[6]
METIS channel model, METIS 2020,ICT-317667-METIS/D1.4, Feb, 2015
[7]
A S. Glassner, An introduction to ray tracing. Elsevier, 1989

[8]
J. W. McKown, R. L. Hamilton. “Ray tracing as a design tool for radio networks,” Network, IEEE, 1991(6): 27-30.

[9]
T. Kurner, D. J. Cichon, W.Wiesbeck, “Concepts and results for 3D digital terrain-based wave propagation models: An overview,” IEEE J.Select. Areas Commun., vol. 11, pp. 1002–1012, 1993.

[10]
M. Born, E. Wolf, Principles of optics: electromagnetic theory of propagation, interference and diffraction of light. CUP Archive, 2000

[11]
H. Friis, “A note on a simple transmission formula,” proc. IRE, vol. 34, no. 5, pp. 254–256, 1946

[12]
R. G. Kouyoumjian and P. H. Pathak, “A uniform geometrical theory of diffraction for an edge in a perfectly conducting surface,” Proc. IEEE, vol. 62, pp. 1448–1461, Nov. 1974.

[13]
P. Pathak, W. Burnside, and R. Marhefka, “A Uniform GTD Analysis of the Diffraction of Electromagnetic Waves by a Smooth Convex Surface,” IEEE Transactions on Antennas and Propagation, vol. 28, no. 5, pp. 631–642, 1980
[14]
IST-WINNER II Deliverable 1.1.2 v.1.2, “WINNER II Channel Models”, IST-WINNER2, Tech. Rep., 2007 (http://www.ist-winner.org/deliverables.html).
[15]
3GPP TR36.101: “User Equipment (UE) radio transmission and reception”
[16]
3GPP TR36.104: “Base Station (BS) radio transmission and reception”
[17]
H. Asplund et al., “A simplified approach to applying the 3GPP spatial channel model”, in Proc. of PIMRC 2006
[18]
ITU-R Rec. P.1816: "The prediction of the time and the spatial profile for broadband land mobile services using UHF and SHF bands"
[19]
ITU-R Rec. P.2040-1, “Effects of building materials and structures on radiowave propagation above about 100 MHz”, International Telecommunication Union Radiocommunication Sector ITU-R, 07/2015.
[20]
ITU-R Rec. P.527-3, “Electrical characteristics of the surface of the earth”, International Telecommunication Union Radiocommunication Sector ITU-R, 03/1992
[21]
E. C. Jordan, K. G. Balmain, “Electromagnetic Waves and Radiating Systems”, Prentice-Hall Inc., 1968
Unaffected parts were omitted

7.5
Fast fading model

Unaffected parts were omitted

Step 10: Draw initial random phases

Draw random initial phase 
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 for each ray m of each cluster n and for four different polarisation combinations (θθ, θϕ, ϕθ, ϕϕ). The distribution for initial phases is uniform within (-).

In the LOS case, draw also a random initial phase 
[image: image2.wmf]0
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 for both θθ and ϕϕ polarisations.
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:
-
Case 1: For low complexity evaluations

-
Case 2: To compare with earlier simulation results, 

-
Case 3: When none of the additional modeling components are turned on.

-
Case 4: When spatial consistency and/or blockage is modeled for MU-MIMO simulations

-
Other cases are not precluded

For the N – 2 weakest clusters, say n = 3, 4,…, N, the channel coefficients are given by:
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(7.5-22)

where Frx,u,θ and Frx,u,ϕ are the field patterns of receive antenna element u according to (7.1-11) and in the direction of the spherical basis vectors, 
[image: image5.wmf]q
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 and 
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 respectively, Ftx,s,θ and Ftx,s,ϕ are the field patterns of transmit antenna element s in the direction of the spherical basis vectors, 
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 and 
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 respectively. Note that the patterns are given in the GCS and therefore include transformations with respect to antenna orientation as described in Section 7.1. 
[image: image9.wmf]m

n

rx

r

,

,

ˆ

 is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 
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where n denotes a cluster and m denotes a ray within cluster n. 
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 is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by
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where n denotes a cluster and m denotes a ray within cluster n. Also, 
[image: image13.wmf]u
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,

is the location vector of receive antenna element u and 
[image: image14.wmf]s

tx

d

,

is the location vector of transmit antenna element s, n,m is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar 
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 and only vertically polarised field patterns are applied.

The Doppler frequency component depends on the arrival angles (AOA, ZOA), and the UT velocity vector 
[image: image16.wmf]v

with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 
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(7.5-25)

For the two strongest clusters, say n = 1 and 2, rays are spread in delay to three sub-clusters (per cluster), with fixed delay offset. The delays of the sub-clusters are
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(7.5-26)

where 
[image: image20.wmf]DS

c

 is cluster delay spread specified in Table 7.5-6. When intra-cluster delay spread is unspecified (i.e., N/A) the value 3.91 ns is used; it is noted that this value results in the legacy behaviour with 5 and 10 ns sub-cluster delays
Twenty rays of a cluster are mapped to sub-clusters as presented in Table 7.3-5 below. The corresponding offset angles are taken from Table 7.5-3 with mapping of Table 7.5-5.

Table 7.5-5: Sub-cluster information for intra cluster delay spread clusters

	sub-cluster #
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Then, the channel impulse response is given by:



[image: image33.wmf])

(

)

(

)

(

)

(

)

,

(

3

NLOS

,

,

2

1

3

1

,

NLOS

,

,

,

NLOS

,

n

N

n

n

s

u

n

i

R

m

i

n

m

n

s

u

s

u

t

H

t

H

t

H

i

t

t

d

t

t

d

t

-

+

-

=

å

å

å

å

=

=

=

Î
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where 
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(7.5-28)
In the LOS case, determine the LOS channel coefficient by:
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(7.5-29)

where (.) is the Dirac’s delta function and KR is the Ricean K-factor as generated in Step 4 converted to linear scale.

Then, the channel impulse response is given by adding the LOS channel coefficient to the NLOS channel impulse response and scaling both terms according to the desired K-factor 
[image: image40.wmf]R
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 as
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(7.5-30)
Unaffected parts were omitted
7.6.8
Explicit ground reflection model

In case the ground reflection shall be modelled explicitly, Equation (7.5-30) has to be replaced by
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(7.6-32)
with the delays for the ground reflected and the LOS paths being defined by their lengths, according to the Tx-Rx separation 
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 and the Tx and Rx heights 
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and
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(7.6-34)
The channel coefficient for the ground reflected path is given by
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(7.6-35)
with the normalized vectors pointing towards the ground reflection point from the Tx
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(7.6-36)
and from the Rx side
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(7.6-37)

The angles for the ground reflected path are given by the geometry assuming a flat surface with its normal pointing into z-direction. The angles at the Tx side can be determined by
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and at the Rx side by
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The reflection coefficients for parallel and perpendicular polarization on the ground, cf. [21], are given by
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and
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(7.6-39)

with the complex relative permittivity of the ground material given by
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The electric constant 
[image: image58.wmf]0

e

 is given by 8.854187817... × 10−12 F·m−1.

For applicable frequency ranges, the real relative permittivity can be modelled by
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(7.6-41)

while the conductivity in [S/m] may be modelled by
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with 
[image: image61.wmf]c

f

 being the center frequency in Hz.

A selection of material properties from [19] is given below. Since the simpl,ified models for conductivity and relative permittivity are only applicable for frequencies between 1 and 10 GHz, Figure 7.6.8-1 presents curves up to 100 GHz at least for very, medium dry and wet ground, cf. [20].

Table 7.6.8-1 Material properties [19]

	Material class
	Relative permittivity
	Conductivity
	Frequency range
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	GHz

	Concrete
	5.31
	0
	0.0326
	0.8095
	1-100

	Brick
	3.75
	0
	0.038
	0
	1-10

	Plasterboard
	2.94
	0
	0.0116
	0.7076
	1-100

	Wood
	1.99
	0
	0.0047
	1.0718
	0.001-100

	Floorboard
	3.66
	0
	0.0044
	1.3515
	50-100

	Metal
	1
	0
	107
	0
	1-100

	Very dry ground
	3
	0
	0.00015
	2.52
	1-10

	Medium dry ground
	15
	−0.1
	0.035
	1.63
	1-10

	Wet ground
	30
	−0.4
	0.15
	1.30
	1-10


Figure 7.6.8-1: Relative permittivity and conductivity as a function of frequency [20]

[image: image66.wmf]D

0

1

-

s

c


_1537612889.unknown

_1537622572.unknown

_1540364402.unknown

_1545122427.unknown

_1545122535.unknown

_1540364477.unknown

_1540364501.unknown

_1540364519.unknown

_1540364494.unknown

_1540364440.unknown

_1537637883.unknown

_1537637907.unknown

_1537622584.unknown

_1537613300.unknown

_1537622550.unknown

_1537622556.unknown

_1537613136.unknown

_1537613239.unknown

_1537192886.unknown

_1537268275.unknown

_1537612500.unknown

_1537253714.unknown

_1537178775.unknown

_1537192845.unknown

_1536693859.unknown

_1537178674.unknown

_1536675305.unknown

_1536674434.unknown

