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Presentation Outline

1. Wearable MBAN Applications & Requirements

2. Regulations, Coexistence, SAR
3. QoS, Robustness
4. Hardware Prototype

5. Medium Access Control
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Wearable Medical BAN applications

 Bio-Medical
— EEG Electroencephalography
— ECG Electrocardiogram
— EMG Electromyography (muscular)
— Blood pressure
— Blood Sp0O2
— Blood pH
— Glucose sensor
— Respiration

— Temperature
— Fall detection

i SpOI"[S performance
— Distance
— Speed
— Posture (Body Position)
— Sports training aid
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Key Wearable BAN requirements

Parameter Medical BAN requirement

Coexistence and Good (low interference to other systems, high

Robustness tolerance to interference)

SAR Regulations <1.6 mW (US) / <20 mW (EU)

QoS (Medical BAN) PER < 10%, delay < 125 ms

Data Rates 10 kbps to 10 Mbps (LDR medical / MDR
consumer)

Power Consumption Low, autonomy > 1 year (e.g. with 1% duty
cycle, MAC sleep modes, 500 mAh battery)

Reliability Robust to multipath interference,
> 99% link success/availability

Insertion/de-insertion < 3 seconds

Transmission range >3m
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Advantages of UWB

Low radiated power
. Low PSD, low interference, low SAR
. High co-existence with existing 802.x standards
. Real potential for low power consumption

Large bandwidth worldwide
. Spectrum is worldwide available
. Robust to multipath and fast varying channels

Flexible, scalable (e.g. data rates, users)

Low complexity HW/SW solutions in advanced
development
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Complexity / Power

FM-UWB
Non coherent IR-UWB

Complexity vs. Data Rate

Coherent Rake IR-UWB
EQ IR-UWB

Non coherent IR-UWB
Coherent IR-UWB

LDR MDR HDR

>

Data Rate
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Outline

1. Wearable MBAN Applications & Requirements

2. Regulations, Coexistence, SAR

3. QoS, Robustness
4. Hardware Prototype

5. Medium Access Control
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Transmitter architecture

R =30-250 kbps BW: 60 - 500 kHz > 500 MHz
freq: baseband 1-2MHz 6 -9 GHz
50 uW RF
Sub
Data SFbSaK'e carrier FF!\F/I RF
. ubcarrier
Oscillator /K/ Oscillator >
Modulation Spreading

An analog FM signal may have any bandwidth independent of modulation
frequency or bit rate. This is analog spread spectrum.
Subcarrier frequency = analog spreading code.
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Multiple access techniques:
Subcarrier and RF FDMA

Sub
Data carrier V RF
Subcarrier RF

. . . . -

Oscillator Oscillator
Subcarrier Subcarrier frequency [ Channel RF center frequency |

1 1.00 MHz :1 gggg mz

2 A

2 1.25 MHz H, 7488 MHz

3 1.50 MHz H, 8000 MHz

4 1.75 MHz H, 8512 MHz
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FM-UWB transmitter signal

ATTEN 16dB VAUG 7 MKR -41. 33dBm

RL @dBm 18dBs 7.512GHz

VID |AVG

# 1
D

/ '\

CENTER 7.500GHz SPAN 1.000GHz

¥RBW 1.0MHz ¥UBW 3.0kHz SWP 840ms

* Flat power spectral density
» Steep spectral roll-off
« Good coexistence

* SAR compliant
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FM-UWB has been FCC pre-certified

montena

montena emc sa
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Outline

1. Wearable MBAN Applications & Requirements

2. Regulations, Coexistence, SAR

3. QoS, Link Margin, Robustness

4. Hardware Prototype

5. Medium Access Control
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Recelver architecture

BW: > 500 MHz 60 - 500 kHz 30 - 250 kbps
freq: 6 -9 GHz 1-4MHz baseband
Sub-carrier Data
Wideband Sub-carrier d(®)
RFE p | INA [ p— FM L Filter & -
Demodulator Demodulator
Instantaneous FSK
despreading demodulation
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Receilver processing gain

Only noise/interference in the subcarrier banwidth is taken into account.
This bandwidth reduction after the wideband FM demodulator yields

real processing gain:
2Af . j

B
G,.x =10l0 10lo
PdB glo( BSUB] glo[(ﬂsus +1)R

Gpgg =30 dB @ R =250 kbps
Gpgg =39dB @ R = 31.25 kbps

* narrowband

Processing gain mitigates interference | ° UW|_3
« multiple-access
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Robustness to frequency-selective multipath

Body surface — body surface Body surface — external
CM3 channel: CM4 channel:

Fading level [dB] Fading level [dB]
T T T T T

5 ; ; ; !

. i i i I i . i i i 1 1 i i
0 1000 2000 3000 4000 S000 B000 7000 8000 a 500 1000 1500 2000 2500 3000 3500 4000
Ch3 channel Chid BED1channel

600 ! r ! ! r ! ‘; ! ! 300 ! ; ! ' ! ! ! ! !
400} 200

200+ 100 k-

-5 -4 -3 -2 -1 a 1 2 3 4 5 A -4 -3 -2 -1 1] 1 2 3 4 ]
Fading level [dB] Fading level [dB]

[ICUWB 2007]

BRF =500 MHz)
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Requirements for 99 % availability:

« 2.8 dB of fading margin in the CM3 channel
1.7 dB of fading margin in the CM4 channel.

(20 dB fading margin in a narrowband system)

COF of fading level for CM4 BD1 channel

COF of fading level for CM3 channel

: . : . : i 1 i 1 1
= " 3 > y 0 y > 3 5 3 3 2 1 0 1 2 3
Fading level FM-UWVE Fading level FW-LWE
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Robusthess to narrowband interference

¥ATTEN BdB MKR —-4@.58dBm
RL —-18.8dBm lBd B~ 7. 443GHz

Interferer

MKR
7.443 Gliz
—40 |S8@ {Bm

CENTER 7.5B8BGHz SPAN 1. BBBGH=z
¥RBW 1.8MHz ¥UBW 3. 8kHz SWFP B84Bms

In-band narrowband interference up to 15 dB
stronger than the wanted signal is tolerated.
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Received signal at 3 meters (CM4).

20

SO T I R T A
| Py(@Bm)=R,(dBm)-20l0g,,

d=3m,f=75GHz, ,=4cm

Prx(3m) =-74 dBm

_"“:":I - | | : | I | | : | 1 i 1 1 1
10 10 10
distance [m]
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Recelver sensitivity

Brr = 500 MHz

NFrx =5 dB

PN =-174 +10log,,(500x106)+5 = -82 dBm
SNRwmIN = -7 dB

Theoretical receiver sensitivity -89 dBm

Implementation loss and fading margin

Prx(3m) =-74 dBm +15 dB of theoretical link margin
4 dB implementation losses
3 dB fading margin for multipath
8 dB positive margin = link closed
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Link budget summary

Parameter Symbol Value  Units Comments

Tx bandwidth Bgrr 500 |MHz Nominal UWB signal bandwidth

Tx power Prx -14.3 |dBm <40 mW (max power limit)

Tx antenna gain Gy 0.0 |dBi

EIRP (peak) EIRP -14.3 |dBm Peak EIRP

Center frequency fe 7.5 |GHz High band operation (7.25-8.5 GHz)

Distance D 30 |m 3 meters required for BAN

Free space path loss Lp -59.5 |(dB

Rx antenna gain Gryx 0.0 |dBi

Rx power Prx -73.8 |dBm

Noise Figure NF 50 |dB Equivalent system noise: 627 K

Noise power density NO -169.0 |{dBm/Hz

Noise power N -82.0 |dBm 500 MHz RF bandwidth

Data rate R 250 |kbps High end for wearable Medical BAN
Subcarrier SNR SNRgc 13.4 |dB Required subcarrier SNR, BFSK, BER < 106
RF SNR SNRge -7.0 |dB Required RF SNR, SNR conversion [EURASIP]
Implementation losses  |Li 40 |[dB Miscellaneous losses + interference

Link margin M 3.0 |dB Multipath fading, (CM3 / CM4 channels
Remaining margin Mrem 8.2 |dB Positive margin remaining indicates link closed
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PHY Synchronization

juiUt L i e o

L TX_ENABLE
;S L S W

<400 us (25 hits)

RXD UWJWﬂﬂﬂ_JTU synchronization time

I 400 us 4
BITSYNC

-400 us J/ 100 us J/ 600 us

Start of transmission  Receiver synchronized

« Synchronization like a narrowband FSK system
* Fast clear channel assessment
* Actual performance depends upon the MAC protocol
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Outline

1. Wearable MBAN Applications & Requirements
2. Regulations, Coexistence, SAR

3. QoS, Robustness

4. Hardware Prototype

5. Medium Access Control
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Today’s FM-UWB High Band Prototype
(ready for worldwide 7.25 — 8.5 GHz
operation).
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Prototype Characteristics

Target power consumption
4 mW Tx, 8 mW RXx

(*): First Generation Multi-chip set
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Final Product Size

Usually product size is determined by antenna and battery.
Example: wireless SpO2 sensor.
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Concluding remarks on the FM-UWB
PHY

« Good co-existence
 with existing air interfaces

* Robustness

* interference, multipath <,\/

» Spectral properities
« flatness, spectral roll-off

« Simple radio architecture
* no frequency conversion
* relaxed HW specifications enable low power consumption
« fast synchronization

FM-UWB is a true low-complexity LDR UWB radio technology
designed to meet the requirements for Wearable Medical BAN and compatible

with requirements of other standardization bodies, e.g. ETSI eHealth.
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Outline

1. Wearable MBAN Applications & Requirements
2. Regulations, Coexistence, SAR
3. QoS, Robustness

4. Hardware Prototype

5. Medium Access Control
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Targeted Applications and Requirements

Medical Body Area Networks Main Requirements

Continuous measurements e Low Power

retina e Scalability

variation,

gestures, &
fall detection =\ =

i

temperature, .| «——

‘ humidity, glt(lills:e, ‘ ¥ '

luminescence
conductance
N / R

emergency? N / Y -

N\ / - g

. \

\\ ! \

N \
N - \
- \

[IEEE1]
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Ultra Low Power MAC design
Types of energy waste

Idle Signaling
Listening Overhead

. OverEmitting
Overhearing Collisions

Radio in Rx Mode Radio in Tx Mode
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Ultra Low Power MAC Design
MAC protocol families

WSN MAC
Scheduled access Random access
Distributed Centralized Synchronous Asynchronous
LMAC, AI-LMAC 1IEEE 802.15.4 S-MAC WiseMAC
TRAMA, FLAMA, Beacon Enabled SCP-MAC B-MAC
Crankshaft SyncWUF
X-Mac
CSMA-MPS
IEEE 802.15.4
Non Beacon Enabled
Degree of Time Synchronization
-
High Low
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WiseMAC Ultra Low Power MAC Scheme

/ Carrier Sensing

Periodic sampling Reception
Opportunistic Link-local Synchronization § Preamble transmission
Data transmission
< TW > Channel Polling
L D = T ,
wake-up preamble I P

) <>, ;

| Overhearing .
3 / 4 TW 4

>

[WISENET2004], [WISEMAC2004]
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Mean node power consumption {m)
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WiseMAC Ultra Low Power MAC Scheme

10

, : Store Forward
V=107 (o) oo} (oo
1 -
LMAC WiseMAC Deviations from
l:!:---"":‘“'‘"-l——I——.—.—.—.—.—.—.—I T
Crankshaft Ideal Ity
SMAG « High Traffic: low cost
i L VAT WiseMAC of wake-u b
e p preamble
Crankshaft —— .
s/ T o eal » Low Traffic: only the cost of
Optinal P.3. —a— sampling
Ideal
'010. 1 1 10 100 1000 1000(
Mean interval between packets (s)
[EW2008]
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MultiChannel WiseMAC, 3-channel example

Rediscovery procedure

Y

A

Ack Timeout
1 M 5 M| «—
) r) ) Ack Timeout
2 i ¥ M ‘
Node 1 x X 2
TW
3 M
Interferer
VT S
P
Node 2 2
3 i | Ack
I

Detect-and-avoid
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MultiChannel WiseMAC

Advantages Drawbacks

« Ultra Low Power  Inefficient Broadcasts

« Robustness to Interference « Limited Throughput

« Scalability with network size * Sub-optimal for

- Flexibility (star and mesh heterogeneous networks
topologies)

« Low latency

that does not exhibit limited throughput

Q Have some nodes switch to an interoperable mode
= CSMA (IEEE 802.15.4 Non Beacon Enabled Mode)

mm) WiseMAC High Availability
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WiseMAC-HA

e Star or mesh topology
* No. of devices is scalable (traffic limited e.g. 6 to 256)
* Robust and reliable: DAA
 Ability to decide on efficient modes changes

(Low Power WiseMAC or High Throughput CSMA)

WiseMAC WiseMAC

. WiseMAC WiseMAC
" WiseMAC

WiseMAC WiseMAC

a) Low power downlinks and uplinks.

= WiseMAC —

WiseMAC CSMA

CSMA WiseMAC

T WiseMAC CSMA

CSMA WiseMAC

b) Low power downlinks and low
latency uplinks.
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Expected node power consumption (mW)
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Power Consumption @ @ @

' CSMA

107 R =

- S-MAC - sin;k | WiseMAC-HA - sensor

Ideal - sink
Ideal - sensor

| S-MAC - sensor

10 " e e

5 sensor devices
16 bytes data packets
4 bytes Ack messages

N E— — | smwrx
: = = = 4 mW TX
10 10 10

Sensor device packet rate (in seconds)
ICUWB2009
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Latency @ @ @
(s

System Congestion Analysis @

256 i i
107 10Q oy
' 50 :

Smooth latency

degradation with

network size and
traffic growths:
No hard limits

Average packet latency (seconds)

3| CSMA

10 10° 10 10
Packets per node per second
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Concluding remarks on the WiseMAC-HA MAC
protocol

« Multi-mode protocol (WiseMAC — CSMA)
* Robust and reliable: Detect-and-Avoid interferers
(by changing RF or subcarrier frequency)
« Ultra Low Power for all nodes: no need to synchronize
« Scales well with network size and traffic (no hard Imits)

» Coexistence: the protocol’s fairness allows simultaneous operation
of independent networks

« Throughput and latency vs. energy trade-off
« Flexibility to decide mode changes
» Flexibility to accomodate other operating modes <

FM-UWB together with WiseMAC-HA are
well suited for LDR Medical BAN applications
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Possible ways of merging with other radios

e Atthe PHY level

* Optimized UWB air interfaces (e.g. for commercial BAN/medical
BAN applications data rates and coverage)

* Exploit common radio front-ends blocks
« TX:RF VCO, output stage
 RX:LNA, down conversion mixer
 Atthe MAC level
« LDR FM-UWB LDR and MDR IR-UWB radio (e.g. coherent)
« FM-UWB 7.25-8.5 GHz, narrowband 2.4 GHz
« Atthe system level
« FM common control cross UWB and narrowband radio
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Annexes
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Sensitivity of FM-UWB receiver

Il:ll:I T T

% ......
10 \
10 \

: A\ *

”-..; 0} 3128 625 zs\.zuu kbps FM-UWE 2-FSK

2 \ '-

3. .

& 1D

o \

o !
10°
10°

—— FM-UWB 1
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SNR, in dB

\
SNRwmiNn = -7dB for BER 1x10 at 250 kbps [Eurasip 2005]
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SNR conversion in FM-UWB radio

SNRg g in dB with Bee = 500 MHz and f

sub:1

i 13.4dB
—> BER = 1E-6

Submission John F.M. Gerrits / John R. Farserotu, CSEM



May, 2009 doc.: IEEE 802.15-09-0277-00-0006

Received power in CM3 channel
(body surface — body surface)

Received power in dBm with Ch3 channel

=20
A0 TR ........ b ...... . _

AL PTTP SRR S S e

GO PP TP R TIPS RS AN

100t

Distance in meter
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Fading margin required in narrowband system

CDF of fading level far Ch3 channel

CDF of fading level for Ch4 BD1 channel

1 i L 1 4 : . - : :
-34 -30 -25 -20 -15 -10 5 0 5 "o 230 225 20 15 0 -5 0 5

Fading level narrowbhand Fading level narrowhand
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Fading margin FM-UWB, 96,000 CM3 realizations

COF of fading level for Ch3 channel

B -4 -4 -3 -2 -1 a 1 2 3
Fading level Fi-LWE
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