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Proposal for the channel model in EMD of 802.16p

Rui Huang, Honggang Li, Deyi Gu, Yang-Seok Choi, Shantidev Mohanty

Intel Corporation
1. Introduction
In the last meeting [1] [2] the evaluation methodology for 16p was agreed for the further system level simulation results calibration. Therefore, in this contribution we propose the channel models with low mobility  for the 16p system.
2. Proposed Text
----------------- Start of the text proposal ----------------------------------------------------------------------------------
 [Propose #1:Insert the following text as section 15 of the 16m EMD document:]

5.2. Channel Models with Low Mobility

Current 802.16m EMD considers only mobile devices, we recommend the inclusion of channel models specific to devices with low mobility, such as the SUI-3 and SUI-4 channel models. 
5.2.1. Path Loss model

ITU path loss models will be consisered as the path loss model for 16p also.

Table 5.2.xxx1
	2Scenario
	Path loss [dB]

Note: fc is given in GHz and distance in meters!
	Shadow fading std [dB]
	Applicability range, antenna height default values

	Indoor Hotspot (InH) 
	LOS
	PL = 16.9log10(d) + 32.8 + 20log10(fc)
	( = 3
	3 m < d < 100 m

hBS =3-6 m

hUT =1-2.5 m

	
	NLOS
	PL = 43.3log10(d) + 11.5 + 20log10(fc)


	( = 4


	10 m < d < 150 m

hBS = 3-6 m

hUT = 1-2.5 m

	Urban Micro (UMi)
	LOS
	PL = 22.0log10(d) + 28.0 + 20log10(fc) 

PL = 40log10(d1) + 7.8 – 18log10(h’BS) –18log10(h’UT) + 2log10(fc)


	( = 3

( = 3


	10 m < d1 < d’BP 1)

d’BP < d1 < 5000 m1)
hBS = 10 m1), hUT = 1.5 m1)

	
	NLOS
	Manhattan grid layout:
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 and PLLOS is the path loss of scenario UMi LOS and k,l ( {1,2}.

Hexagonal cell layout:

PL = 36.7log10(d) + 22.7 + 26log10(fc)
	( = 4

( = 4
	10 m < d1 + d2  < 5 000 m,

w/2 < min(d1,d2 ) 2)
w = 20 m (street width)

hBS = 10 m, hUT = 1.5 m

When 0 < min(d1,d2 )  < w/2 , the LOS PL is applied.

10 m < d < 2 000 m
hBS = 10 m

hUT =1-2.5 m

	
	O-to-I
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Manhattan grid layout (θ known):
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For hexagonal layout (θ unknown):

PLtw = 20, other values remain the same. 
	 = 7
	10 m < dout+din< 1 000 m,

0 m < din< 25 m,

hBS=10m, hUT=3(nFl -1)+1.5m,

nFl=1,

Explanations: see  3)



	Urban Macro (UMa)
	LOS
	PL = 22.0log10(d) + 28.0 + 20log10(fc)
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	( = 4

( = 4


	10 m < d < d’BP 1)
d’BP < d < 5 000 m1)
hBS = 25 m1), hUT = 1.5 m1)


	
	NLOS
	PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +

20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)

	( = 6


	10 m < d < 5 000 m
h = avg. building height
W = street width
hBS =  25 m, hUT  = 1.5 m,
W = 20 m, h = 20 m

The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	Suburban Macro (SMa, optional)
	LOS
	PL1 = 20log10(40dfc /3) 
+ min(0.03h1.72,10)log10(d) 
– min(0.044h1.72,14.77)
+ 0.002log10(h)d

PL2 = PL1  (dBP) + 40 log10(d/dBP)
	σ = 4
σ = 6
	10 m < d < dBP 4)
dBP < d < 5 000 m
hBS =  35 m, hUT  = 1.5 m,
W = 20 m, h = 10 m

(The applicability ranges of h, W, hBS, hUT are same as in UMa NLOS)

	
	NLOS
	PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +

20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)
	( = 8
	10 m < d < 5 000 m
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 10 m 
(Applicability ranges of h, W, hBS, hUT are same as in UMa NLOS)

	Rural Macro (RMa)
	LOS
	PL1 = 20log10(40dfc /3) 
+ min(0.03h1.72,10)log10(d) 
– min(0.044h1.72,14.77)
+ 0.002log10(h)d

 PL2 = PL1  (dBP) + 40 log10(d/dBP)


	( = 4

( = 6


	10 m < d < dBP, 4)
dBP < d < 10 000 m,
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m

(Applicability ranges of h, W, hBS, hUT are same as UMa NLOS)

	
	NLOS
	PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +

20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)


	( = 8
	10 m < d < 5 000 m,


hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
(The applicability ranges of h, W, hBS, hUT are same as UMa NLOS)

	
	
	
	
	


Notes:

1) Break point distance 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. 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 in urban environments is assumed to be equal to 1.0 m.

2) The distances d1 and d2 are defined below in Figure 1.1.

3) PLb = basic path-loss, PL B1 = Loss of UMi outdoor scenario, PLtw = Loss through wall, PLin = Loss inside,  dout = distance from BS to the wall next to UT location, din = perpendicular distance from wall to UT (assumed evenly distributed between 0 and 25 m), θ = angle between LOS to the wall and a unit vector normal to the wall.

4) 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.

The line-of-sight (LOS) probabilities are given in Table 1.2. Note that probabilities are used only for system level simulations.

Table 1.2
	Scenario
	LOS probability as a function of distance d [m]

	InH
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	UMi
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(for outdoor users only)

	UMa
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	RMa
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The NLOS path loss model for scenario UMi is dependent on two distances, d1 and d2 in the case of the Manhattan grid. These distances are defined with respect to a rectangular street grid, as illustrated in Figure 1.1, where the UT is shown moving along a street perpendicular to the street on which the BS is located (the LOS street). d1 is the distance from the BS to the centre of the perpendicular street, and d2 is the distance of the UT along the perpendicular street, measured from the centre of the LOS street.
Figure 1.1 Geometry for d1 - d2 path-loss model
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5.2.2. Shadowing Factor 
The shadowing factor (SF) has a log-normal distribution and a standard deviation defined in the following table based on the WINNER parameters [13], for different scenarios.
	Propagation Scenario
	Standard Deviation of Shadow Fading

	Urban macrocell
	8 dB

	Suburban macrocell
	8 dB

	Urban microcell
	NLOS: 4 dB, LOS 3 dB

	Indoor Small Office
	NLOS (Room to Corridor) 4 dB, 

NLOS (through-wall) 6 dB (light wall), 8 dB (heavy-wall)

	Indoor Hot Spot
	LOS 1.5 dB, NLOS 1.1 dB

	Outdoor to indoor
	7 dB

	Open Rural Macrocell
	NLOS: 8 dB, LOS: 6 dB


Table 8: Standard deviation of shadow fading distribution
5.2.3. Cluster-Delay-Line Models 
	SUI-3 Channel

	
	Tap 1
	Tap 2
	Tap 3
	Units

	Delay
	0
	0.4
	0.9
	us

	Power (omni ant.)
90% K-fact. (omni)
75% K-fact. (omni)
	0
1
7
	-5
0
0
	-10
0
0
	dB

	Power (30o ant.)
90% K-fact. (30o)
75% K-fact. (30o)
	0
3
19
	-11
0
0
	-22
0
0
	dB

	Doppler
	0.4
	0.3
	0.5
	Hz

	Antenna Correlation: ρENV =0.4
Gain Reduction Factor: GRF=3dB
Normalization Factor: Fomni=-1.5113dB
F30o=-0.3573
	Terrain Type: B
Omni antenna: τRMS=0.264us,
Overall K: K=0.5 (90%); K=1.6 (75%)
30o antenna: τRMS=0.123us,
Overall K: K=2.2 (90%); K=7.0 (75%)


Notes:

1) The total channel gain is not normalized. Before using SUI-3 model, the specified normalization factors have to be added to each tap to arrive at 0dB total mean power (included in the tables).

2) The specified Doppler is the maximum frequency parameter (fm) of the rounded spectrum, as described above.

3) The Gain Reduction Factor (GRF) is the total mean power reduction for a 30° antenna compared to an omni antenna. If 30° antennas are used the specified GRF should be added to the path loss. Note that this implies that all 3 taps are affected equally due to effects of local scattering.

4) K-factors have linear values, not dB values.

5) K-factors in the tables were rounded to the closest integer.

6) K-factors for the 90% and 75% cell coverage are shown in the tables, i.e. 90% and 75% of the cell locations have K factors greater or equal to the K-factor value specified, respectively. For the SUI channels 5 and 6, 50% K-factor values are also shown.
5.2.4. Channel Type and Velocity Mix
5.2.5. Doppler Spectrum for Stationary Users 
The random components of the coefficients generated in the previous paragraph have a white spectrum since they are independent of each other (the autocorrelation function is a Dirac impulse). The SUI channel model defines a specific power spectral density (PSD) function for these scatter component channel coefficients called ‘rounded’ PSD which is given as

[image: image12.emf]
5.1
To arrive at a set of channel coefficients with this PSD function, we correlate the original coefficients with a filter which amplitude frequency response is derived from eqn. 5.1. as
[image: image13.emf] 5.2
We choose to use a non-recursive filter and the frequency-domain overlap-add method for efficient implementation. We also have to choose some filter length which determines how exact and smooth our transfer function is realized by the filter.

Since there are no frequency components higher than fm, the channel can be represented with a minimum sampling frequency of 2 fm, according to the Nyquist theorem. We therefore simply define that our coefficients are sampled at a frequency of 2 fm.

The total power of the filter has to be normalized to one, so that the total power of the signal is not changed by it. The mean energy of a discrete-time process x(k) is
[image: image14.emf] 5.3
We note that the PSD function given in eqn. 5.1 is not normalized.
5.2.6. Generation of Spatial Channels 
----------------- End of the text proposal -------------------------------------------------------------------------------
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