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I.  INTRODUCTION

The aim of this document is to summarize the important channel parameters reported in the
literature based on the UWB channel measurements in indoor residential environment.

Il. PATH LOSS AND SHADOWING
The path loss in dB as a function distance is given by

PL(d) = PLO +10n10g10

i] £S5 d>dy o
do
where d,, is the reference distance i.e. d, = 1m and PL, is the free-space path loss in the far-

field of the antennas at a reference distance d,. PL, is the interception point and usually is

calculated based on the mid-band frequency. n is the path loss exponent and S is the shadowing
fading parameter that varies randomly from one location to another location within any home. It
is a zero-mean Gaussian distributed random variables (in dB) with standard deviation og which

is also in dB. Table 1 list the path loss and shadowing parameters extracted from the
measurement data. Note that, unless otherwise stated, ;. and o represent the mean and standard

deviation of the corresponding parameter. For example, u, and o, represent the mean and
standard deviation of the path loss exponent, respectively.

I11. TEMPORAL DOMAIN PARAMETERS

The mean excess delay, 7,, is defined as the first moment of the power delay profile (PDP) and
is defined as [1]

Yoair Y P(T)T
= 4 =4 (2)
doat D P(m)
k E

TTIL

where a;, , 7, and P (7, ) are the gain coefficient, delay and PDP of the k" multipath
component (MPC), respectively. The rms delay spread, 7,,,, IS the square root of the second
central moment of the PDP and is defined to be [1]

Trms = N 7-72n - (Tm )2 (3)

where
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NP10dB is defined as the number of MPCs that arrive within 10 dB of the strongest path for
each of the PDP. Table 2 list the temporal domain parameters extracted from the measurement
data.

IV. SALEH-VALENZUELA MULTIPATH CHANNEL PARAMETERS

The main structure of the IEEE 802.15.4a multipath channel model is detailed in [2] and will be
based on the conventional Saleh-Valenzuela (S-V) clustering channel model [3]. As described in
Section 111 of [4], there are 5 key parameters that define the S-V multipath channel model:

® A is the cluster arrival rate

® ) is the ray arrival rate, i.e. the arrival rate of path within each cluster
® [ is the cluster exponential decay factor

® v is the ray exponential decay factor

® G, is the standard deviation of the lognormal fading term (dB).

Table 3 list the S-V multipath channel parameters extracted from the measurement data.

[1]
[2]
[3]
[4]
[5]
[6]

[7]
[8]

REFERENCES

T. S. Rappaport, Wireless Communications: Principles and Practice, Prentice Hall PTR,
Upper Saddle River, NJ, USA, 2nd edition, 2002.

A. F. Molisch, “Status of models for UWB propagation channels,” IEEE P802.15-04/195r0,
Mar. 2004.

A. A. M. Saleh and R. A. Valenzuela, “A statistical model for indoor multipath
propagation,” IEEE J. Select. Areas Commun., vol. 5, no. 2, pp. 128-137, Feb. 1987.

A. F. Molisch, U. G. Schuster and Chia-Chin Chong, “Measurement Procedure and
Methods on Channel Parameter Extraction,” IEEE P802.15-04/283r0, May 2004.

S. S. Ghassemzadeh and V. Tarokh, “The ultra-wideband indoor path loss model,” IEEE
P802.15-02/277r1-SG3a, Jul. 2002.

S. S. Ghassemzadeh, R. Jana, C. W. Rice, W. Turin, V. Tarokh, “A statistical path loss
model for in-home UWB channels,” in Proc. IEEE Conf. UWB Systems and Technologies
(UWBSTO02), Baltimore, MD, USA, May 2002, pp. 59-64.

S. S. Ghassemzadeh, R. Jana, C. Rice, W. Turin and V. Tarokh, “Measurement and
modeling of an ultra-wide bandwidth indoor channel,” IEEE Trans. Commun., in press.

S. S. Ghassemzadeh, L. J. Greenstein, A. Kavcic, T. Sveinsson and V. Tarokh, “UWB
indoor path loss model for residential and commercial buildings,” in Proc. IEEE Veh.
Technol. Conf. (VTC 2003-Fall), Orlando, FL, USA, Sep. 2003, pp. 629-633.

Submission Page 3 Chia-Chin Chong, Samsung



June, 2004 |IEEE P802.15-04-0290-00-004a

[9] J. Keignart, N. Daniele, P. Rouzet, “UWB channel modeling contribution from CEA-LETI
and STMuicroelectronics,” IEEE P802.15-02/444, Nov. 2002.

[10] L. Rusch, C. Prettie, D. Cheung, Q. Li and M. Ho, “Characterization of UWB propagation
from 2 to 8 GHz in a residential environment,” submitted to IEEE J. Select. Areas Commun.

[11] Chia-Chin Chong, Y. Kim and S. S. Lee, “UWB channel measurement results in indoor
residential environment — high rise apartments,” IEEE P802.15-04/282r0, May 2004.

[12] J. Keignart and N. Daniele, “Channel sounding and modeling for indoor UWB
communications,” International Workshop on Ultra Wide Band Systems 2003
(IWUWBS03), Oulu, Finland, June 2003.

[13] J. Keignart, J. —B. Pierrot, N. Daniele, A. Alvarez, M. Lobeira, J. L. Garcia, G. Valera, R. P.
Torres, “Radio Channel Sounding Results and Model,” Deliverable D31, 1ST-2001-32710-
U.C.A.N., Nov. 2002.

[14] S. S. Ghassemzadeh, L. J. Greenstein and V. Tarokh, “The ultra-wideband indoor
multipath model,” IEEE P802.15-02/282r1-SG3a, Jul. 2002.

[15] S. S. Ghassemzadeh, L. J. Greenstein, A. Kavcic, T. Sveinsson and V. Tarokh, “UWB
indoor delay profile model for residential and commercial environments,” in Proc. IEEE
Veh. Technol. Conf. (VTC 2003-Fall), Orlando, FL, USA, Sep. 2003, pp. 3120-3125.

[16] J. Foerster and Q. Li, “UWB channel modeling contribution from Intel,” IEEE P802.15-
02/279r0-SG3a, Jun. 2002.

[17] M. Pendergrass and W. C. Beeler, “Empirically based statistical UWB channel model,”
IEEE P802.15-02/240SG3a, Jul. 2002.

Submission Page 4 Chia-Chin Chong, Samsung



|IEEE P802.15-04-0290-00-004a

June, 2004
o LOS NLOS
ource n PI, [dB] S [dB] n PIL, [dB] S [dB]
oy, On Mg 0g o On o Op
AT&T [5]-[7] 1.70 | 0.30 47.0 1.60 | 0.50 | 3.50 | 0.97 >L0 2.70 | 0.98
L, On s og o On o Op
AT&T [8] 1.82]0.39 472 150 | 0.60 |3.34|0.73 S04 2.60 | 0.90
2.01 45.9 3.20 3.12 50.3 3.80
CEA-LETI [9] 1.67 - - 497 - -
' 7.24°
Intel [10] 172 - 1.48 4.09 - 3.63
1.18° 50.1° 0.93° 2.18° 52.2° 1.43°
Samsung/SAIT [11] 2.48" 49.7° 1.50° 2.69° 52.7° 4.69°
1
U.C.AN [12], [13] 1.67 i 40 ?;22 i 40

Table 1:

Path loss and shadowing parameters.
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LOS NLOS
Source Tm, [N] Trms » [NS] NP10dB T, [NS] Trrgren S]] NP10dB
IU“Tm UTm MTrms Trms 'U'NPIOdB GNPI()dB IU“Tm Or m 'uTrms Trms K NP10dB UNPlt)dB
10.83° 8.43° 60°
AT&T [7] - - - - - - 5 5 5
12.40 11.5 82
AT&T [7], [14] - - 4.70" | 2.30° - - - - 8.20" | 3.30' - -
AT&T [15] 2.15 - 355 | 1.65 - - 6.93 - 7.35 | 3.45 - -
CEA-LETI[9] | 6.53 - 11.45 - 3.4 - - - - - - -
Intel [16] 4,01 - 8.88 - 7 - 17.36 - 14.53 - 35 -
3.06° 7.39° 6° 9.96° 12.81° 28°
3.09° 7.93° 6 10.06° 13.22° 29°
Intel [10], [16] =00 - [gsg® | - [ 7 | ° [1736® | - [1453°| - [ 3® |
3.95™ 9.13" 7+ 17.25" 15.0™ 37+
Samsung/SAIT | 5.88° | 1.25° | 14.00° | 1.53° | 4.04° | 1.53° | 36.09° |15.48°| 38.61° | 8.03° | 19.58° | 7.64°
[11] 501" | 0.64" | 12.48" | 1.87*| 597" | 1.96" | 24.95" | 8.47* | 26,51 | 5.22* | 23.51* | 10.75°
Time Domain 10.04% | 6.26" | 8.78" | 4.34"| 36.1%
U.C.AN 7740 | 227" | 9.94' | 152" | 16.71' | 9.44
[12], [13] 752 1 1941 1215 1 188 | 382 | 243 U7 173037 | 12047 | 1.387 | 31.277 | 16.867
Table 2: Temporal domain parameters.
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LOS NLOS
Source A [1/ns] | A [Lns] | T [ns] ~ [ns] | o, [dB] [1;\ ’ Al/ns]| T [ns] | v [ns] o, [dB]
ns
CEA-LETI[9] | 0.007 1.27 30 10 5.5-1.0" - - - - -
Intel [16] 1/60 1/0.5 16 1.6 4.8 1/11 | 1/0.35 16 8.5 4.8
U.CAAN 0.01" 3 18" 5! 4t
[12], [13] 0.01 0.18 21 6 4 0.4° 1.5° o° 8 4°

Table 3: S-V multipath channel parameters.

* Analysis for 45 different TX-RX positions with distance between 9-13 m under NLOS scenario [9], [12], [13].

2 Analysis for 109 different TX-RX positions with distance between 7-17 m under NLOS scenario [9], [12], [13].
® Analysis for 3-bedroom apartment [11].
* Analysis for 4-bedroom apartment [11].
® Analysis based on 30 dB threshold level for 50% of the NLOS locations [7].
® Analysis based on 30 dB threshold level for 90% of the NLOS locations [7].
" tms is Gaussian distributed over all homes with mean, - and standard deviation, o [7], [14].

& Analysis based on passband analysis, frequency domain Hamming windowing and 0.17 ns bin size [10].

® Analysis based on complex baseband analysis, frequency domain Hamming windowing and 0.17 ns bin size [10].

0 Analysis based on passband analysis, frequency domain rectangular windowing and 0.17 ns bin size [10].

™ Analysis based on complex baseband analysis, frequency domain rectangular windowing and 0.17 ns bin size [10].
12 Analysis for TX-RX positions with distance between 0-4 m under NLOS scenario [17].
2 Analysis for TX-RX positions with distance between 4-10 m under NLOS scenario [17].

 Decrease with delay [9].

Submission

Page 7

Chia-Chin Chong, Samsung




	Introduction
	Path Loss and Shadowing
	Temporal Domain Parameters
	Saleh-Valenzuela Multipath Channel Parameters

