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Outline

« Motivation

 Measurement Setup & Environment
e Data Analysis & Post-Processing
 Channel Measurement Description
 Measurement Results

e Conclusion

e Future Work

Submission Slide 3 Chia-Chin Chong, Samsung (SAIT)



May 2004 doc.: IEEE 15-04-0282-00-004a

Motivation

e Study the UWB wave propagation
characteristics in indoor residential
environment

 Develop a channel model suitable for UWB
applications in high-rise apartments

 Submit contributions to the IEEE802.15.4a
channel modeling subgroup standardization
activities
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Measurement Setup (1)

* Frequency domain technigue using VNA
— Center frequency, f.: 6.5GHz
— Bandwidth, B : 7GHz (i.e. 3-10GHz)
— Delay resolution, At : 142.9ps (i.e. At=1/B)
— No. frequency points, N : 1601
— Frequency step, Af : 4.375MHz (i.e. Af=B/(N-1))

— Max. excess delay, t,,,, : 229.6ns (i.e. t,,,,=1/Af)
— Sweeping time, t , : 800ms
— Max. Doppler shift, f; o - 1.25Hz (1.e. fy ,=1/tg,)
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Measurement Setup (2)

« UWB wideband planar dipole antennas

 Measurement controlled by laptop with LabVIEW via
GPIB interface

o Calibration performed in an anechoic chamber with
1m reference separation

« Static environment during recording

e Both large-scale & small-scale measurements
— Large-scale: different RX positions — “local point”
— Small-scale: 25 (5x5) grid-measurements around each local
point — “spatial point”
— At each spatial point, 30 time-snapshots of the channel
complex frequency responses are recorded
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Measurement Environment

 Measurements in various types of high-rise apartments based on
several cities in Korea — typical types in Asia countries like Korea,
Japan, Singapore, Hong Kong, etc.
— 3-bedrooms
— 4-bedrooms
— 5-bedrooms (to be done!)

 Both LOS and NLOS configurations

« TX-RX antennas:
— Separations: up to 20m
— Height: 1.25m (with ceiling height of 2.5m)
— TX antenna: always fixed in the center of the living room
— RX antenna: moved around the apartment (i.e. 8-10 locations)
 To date, in total of 12,000 channel complex frequency responses
are collected (i.e. 2 apartments x 8 RX local points x 25 spatial points x
30 time snapshots — 2x8x25x30=12,000)
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Grid-Measurement
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Measurement Results (1)

Channel Frequency Response
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Measurement Results (2)

3-D Channel Complex Frequency Fresponse
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Data Analysis & Post-Processing

e All measurement data are calibrated with the
calibration data measured in anechoic chamber to
remove effect of measurement system

« Perform frequency domain windowing to reduce the
leakage problem

« Complex passband IFFT is deployed to transform
the complex frequency response to complex
Impulse response

 Perform temporal domain binning before extract
channel parameters
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Channel Model Description

e Path loss

« Temporal-domain parameters:
— RMS delay spread, 1,
— Mean excess delay, 1,
— No. of paths within 10dB of peak, NP10dB
— No. of paths within 20dB of peak, NP20dB
— No. of paths within 30dB of peak, NP30dB
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Path Lo0ssS

 Pathloss (PL) vs. Distance (d):

d
PLdB (d) — PLO —|— 10n |Og10 [d—]
0

— PL, : intercept
— n: path loss exponent

 Perform linear regression to the above
equation with measured data to extract the
required parameters
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Path Loss under LOS Scenario in 3-Bedroom Apartment

Path Loss under LOS Scenario in 4-Bedroom Apartment
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Path Loss under NLOS Scenario in 3-Bedroom Apartment

Path Loss under NLOS Scenario in 4-Bedroom Apartment
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Path Loss Results

Scenario 3-Bedroom Apartment | 4-Bedroom Apartment
n PL; n PL,
LOS 1.18 50.1 2.48 49.7
NLOS 2.18 52.2 2.69 52.7
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 These parameters were obtained after taking

Temporal-domain Parameters

frequency domain Hamming windowing, passband

IFFT & temporal domain binning with bin size 100ps

3-Bedroom Apartment 4-Bedroom Apartment
Location Tems [015] Tin [15] NP10dB NP20dB NP30dB Trms [115] Tm [115] NP10JB NP20dB NP30dB
1 o Ll o 1 o 1 5] 1 o 1 o 1 o 1 o m G m o
LOS 14.00 | 1.53 | 5.88 1.25 | 404 | 1.55 ] 2991 [11.15 | 14538 | 3889 | 1248 | 1.87 | 501 | 0.64 | 597 1.96 37.21 920 | 161.02 | 31.59
NLOS | 3861 | 803 | 36.09 | 1548 | 1958 | 7.64 | 141.63 | 4223 | 51257 | 76.28 | 26.51 | 522 | 2495 [ 847 | 23,51 | 10.75 | 13995 | 50.14 | 42478 | 93,77
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Local Mean Excess Delay vs. Distance - LOS (3-Bedroom Apartment)
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Distribution of the number of paths - LOS (3-bedroom apartment)
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Distribution of No. of Paths — NLOS
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Conclusion

* Frequency domain techniqgue UWB measurement
campaign has been carried out in various types of
high-rise apartments covering frequencies from 3 to
10 GHz.

e Measurement covered both LOS & NLOS scenarios.

e Channel measurement results for path loss and
temporal-domain parameters (e.g. mean excess
delay, RMS delay spread, number of paths) are
.presented
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Future Work

o Extract S-V channel parameters
o Extract small-scale amplitude statistics
* Propose a suitable statistical channel model
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