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Introduction

• Ranging is a key issue in various kinds of UWB 
applications, including IEEE 802.15.6ma, 4ab, and 
4z

• UWB techniques have the potential to achieve 
high accuracy in supporting important applications 
in HBAN and VBAN

• It is important to discuss the ranging accuracy 
under multiple BAN coexistence situations under 
the BAN channel models
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UWB ranging in CFP
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• It is more realistic that ranging is performed in contention 
free period (CFP), which results in the realization of both 
data transmission and ranging in the same period

Node A
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Node C

Hub

Inactive
Period

・・・

・・・

D-Beacon Contention Free Period

Retransmission

Packet transmission failure

: Packet transmission (TDMA) : Retransmission

SS-TWR

DS-TWR

DS-TWR

In addition to SS(Single-Sided)-TWR
Measurement by switching the order of 
transmission and reception
Accuracy is greatly improved
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Propagation model in a hospital room[1]
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[1]: K. Takizawa, T. Aoyagi, H. -B. Li, J. -i. Takada, T. Kobayashi and R. Kohno, "Path loss and power delay profile channel models for wireless 
body area networks," 2009 IEEE Antennas and Propagation Society International Symposium, North Charleston, SC, USA, 2009, pp. 1-4.
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Ranging accuracy evaluation (SNR: 20 dB)
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!!" = Determined by uniform random numbers of 3-4 m

Tx Rx

direct wave

reflected wave

In

In

In

In：Assumed 0-5

!#": Determined by uniform random numbers of 1-6 m each

!#"

RMSE [m]

Achieve a ranging accuracy of below 0.3 m

Technical requirement

0.5 G H z 1.0 G H z 2.0 G H z

0.754814 0.563771 0.044247

Fading: flat
Sampling frequency at receiver: 0.5, 1, 2 GHz
Cross-correlation detection
AWGN: SNR of 20 dB

The sampling rate of 2 GHz satisfied the requirement
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Ranging accuracy evaluation (SNR: 40 dB)
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!!" = Determined by uniform random numbers of 3-4 m

Tx Rx

direct wave

reflected wave

In

In

In

In：Assumed 0-5

!#": Determined by uniform random numbers of 1-6 m each

!#"

Fading: flat
Sampling frequency at receiver: 0.5, 1, 2 GHz
Cross-correlation detection
AWGN: SNR of more than 40 dB

0.5 G H z 1.0 G H z 2.0 G H z

0.186388 0.083677 0.044051RMSE [m]

Achieve a ranging accuracy of below 0.3 m

Technical requirement

All sampling rates satisfied the requirement
under clear channel condition
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Ranging accuracy evaluation
under coexistence scenario
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!!" = Determined by uniform random numbers of 3-4 m

Tx Rx

direct wave

reflected wave

In

In

In

In：Assumed 0-5

!#": Determined by uniform random numbers of 1-6 m each

!#"

Fading: flat
Sampling frequency at receiver: 0.5, 1, 2 GHz
Cross-correlation detection
AWGN: SNR of more than 40 dB

0.5 G H z 1.0 G H z 2.0 G H z

0.186388 0.083677 0.044051RMSE [m]

Achieve a ranging accuracy of below 0.3 m

Technical requirement
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Sampling frequency: 1 GHz

Coexistence of up to five interference nodes

M-sequence-based interference mitigation

No performance degradation was confirmed
with M-sequence-based interference mitigation
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UWB antenna modeling
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(a) 3 GHz (b) 6 GHz (c) 9 GHz
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Simulation results
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RMSE
[dB]nPL0[dB]    

(d=1000 mm)
Parameters

4.417.4537.6Rx1 @4GHz
2.076.0050.9Rx2 @4GHz
2.055.3949.0Rx1 @8GHz
1.432.6659.3Rx2 @8GHz

d mm

Rx 2
(NLOS)

Tx Rx 1
(LOS)

!"	 dB = !"! + 10* log"! #
#!
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Simulation results
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