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The Case for NB-loT Water Meters

. NB-loT is an emerging communications service
offered by the 3 main MNOs in Singapore (Singtel,
M1, Starhub).

Billions of connections

. NB-loT offers ease of deployment and 150k per cel
maintenance (no need to set up separate comms
infra)

Secure & Reliable
industry standards based

. Uses licensed-band(s) and is at less risk of being
re-designated for other uses, with low risk of
interference Extended bong
FANGE COMer A and

deep penetration
MRS & Lindiengpraund

Optirmized for bow
pOWer consumpticn

10+ years batteryife

. NB-loT only supports low data rate
communications but in return offers superior
power efficiency and potentially lower costs.

Integrates mio Cedlular system

. NB-loT is touted to enable a wide range of Easy deployment

potential IoT use cases such as environmental
monitoring and smart utility metering. It is also an
open standard and reduces the risk of users being
locked in to a particular vendor/ technology.



Challenges For NB-loT In Water Metering

* NB-loT for water metering is still nascent, and there are currently
no known meter suppliers that can commit to PUB's
requirements of 15 years lifespan for commercial water
meters based on minimum hourly readings with minimum daily
transmissions.

* Key challenges identified from overseas study trips and
engagements with the industry:

> Meter’s battery lifespan is significantly affected by network
coverage and configurations which can vary across MNOs
e.g. repetition configurations, coverage enhancement modes,
eDRX, PSM, release assistance indication.

A gap needs to be bridged

» Unfamiliarity of some meter suppliers on the complexity and
design considerations involving mobile networks and
emerging mobile technologies, including the use of other
standards and protocols in the upper stack e.g. DTLS,
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» Unfamiliarity of MNOs on metering environments,
requirements and operations, which could require greater




Approach: ldentify Key Physical Environments For Coverage Tests
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CBD HDB ESTATES/ INDUSTRIAL AREAS

* Urban canyon. Challenging for RF, CONDOS * Low-lying, built-up areas
due to severe reflection and
attenuation (why GPS always has
issues herel)

* Less dense than CBD, but still * May lack sufficiently high ground
high-rise, built-up areas for base station to provide wide

: : area coverage
: » Water meters in service ducts,
* Water meters typically at ground

: within stairwells, and in concrete * Water meters typically at ground
level in concrete chambers, below . :
) chambers. Need to provide level in concrete chambers, below
concrete slabs, and some in
coverage from ground to top concrete ground
basements levels



Scope Of The Study

INDUSTRIAL DRIVE
TEST @ 2 DISTRICTS
* Sungei Kadut

* Independent measurements for 3 local + Senoko
MNOs - Singtel, M1 & Starhub

Singapore at water meter locations

« Capture key NB-loT parameters a‘

«  Performance of NB-loT signals across i

. . C&l @ 6 SITES
* Different measurement scenarios * Enterprise Road CBD
* MapleTree Biz Park (22 locati RESIDENTIAL SAMPLING
* Marina Barrage ocations) @ 9 BLOCKS
+ Tampines North * Bedok North
«  Static measurements & * Woodlands © Chai Chee
. * Senoko * Sengkang
Drive test + Ang Mo Kio
* Bishan
* Yuan Ching
RESIDENTIAL FULL BLOCKS @ * Choa Chu Kang
2 BLOCKS + Telok Blangah
* Punggol Lodge * Admiralty
+ Pinnacle @ Duxton




652 Data Points Measured (Number of Meter Points)

44, 7%

N

580, 89%

= HDB = C&| = CBD



Measuring Equipment

Qualcomm NBIloT Devices

TSMAG6 RF Antenna

| ‘\ A Y . TSMAG & Battery Pack
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GPS Antenna

3D Printed
Device and Antenna Holder
for PUB Project

Same equipment for both static and drive test.
Setup supports: 6-7 Samples/sec

OPUB
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= | RF,GPSantenna &
i NB-loT devices

‘ Measuring Equipment Mounted For Drive Test

i -

- \;, Y DG - Same equipment are used as for static
" : ' measurements

- Settings & configurations are similar

«  Continuous measurements for drive test,
sampling rate: 6-7 Samples/sec

- Additional GPS antenna is used to track the
route automatically

- Speed of Vehicle <60km/h
«  No measurement 30 mins before & after rain



Technical Parameters Measured

Technical Parameters measured | Summary of parameters
at every measurement site

Frequency Band Measured value
Frequency Bandwidth Measured value

Y CEHTEGENEG R LITEE N The next strongest neighbour cell’s
average RSRP

- e s e e e e e o Y

« RSRP and CE Mode are studied | \f\ —Coverage Extension (CE) Mode }verage value over measurement period

r

I in detailed here o1 milnice :

I+ IVMDA QoS guideline criterion is I A;/irage values over measurement period
= ot 1 minute

|] basedon R_SRP (>-109dBm) I / Average values over measurement period

I’ CE mode directly affects battery | - of 1 minute

life due to re-transmissions l/ SNR/ SINR Average values over measurement period
e e e e e e of 1 minute
RSRQ / Surrounding noise Average values over measurement period
measurement of 1 minute
SN L UTENT B CEETTETG ENEL B Difference in values of average RSRP of the
comparison 2 measured points at each measurement
site






Residential Measurements

353A Admiralty Drive 9

603Eopoia,r:eggoI | Samples from 9 HDB blocks,
\ AREE For each block;
489D Choa Chu Kang Ave 416C Fernvale Link Q 3 meter, low levels
i 3 meter, mid levels
S 248 Bishan S22 |Q) Q| = An%zMo h * 3 meter, top levels
* Large meter
1378 Bedok North St « Total ~160 measurements
4
/AR S OV Full meas. for 2 HDB blocks,
807A Chai Chee Rd * All meters are measured
at every level
* Large meter
o  Total ~420 measurements
v Telok3l13|angah =t 9 9 Pinnacle@Duxton




Residential Measurements

353A Admiralty Drive 9

No major concerns for all 11 HDB
locations, with regards to:

* RSRP performance

* CE Mode performance

603C Punggol Lodge

416C Fernvale Link 9 9
489D Choa Chu Kang Ave 5
@ Q | 5888AngMoKiost General observations
248 Bishan 5t22 | @ > * Higher attenuation at lower
levels observed.

187B Bedok North St 4 .

138A Yuan Ching R — 90 » Comparing coverage results
uan Ching .

v 4 from Pinnacle. Coverage at

iy BB sl higher levels is lower. This could
be due to antenna down tilt
angle.

0 Q| rinnacieabuon *Some MNOs’ CE mode settings
05 el - G can be optimized further.




Residential Measurements - Key Learning points
416C Fernvale Link

Measurements taken;

« 3 meteratlevel 3

« 3 meteratlevel 10

« 3 meteratlevel 21
 Large meter

« Total 20 measurements

« Each measurements is 60sec




Residential Measurements — Key Learning Points
416C Fernvale Link

Singtel RSRP M1 RSRP Starhub RSRP
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Residential Measurements — Key Learning Points
416C Fernvale Link

1.6

CE Mode (Average over 60 secs)

y Singtel M1 Starhub

1.2

1
0.8
0.6

0.4

. I |

Large Unit 82 Unit 74 Unit 76 Large Unit 82 Unit 74 Unit 76 Large Unit 82 Unit 74 Unit 76

Hlevel 21 Hlevel 10 Hlevel 3 Large



Residential Measurements — Key Learning Points
1C Pinnacle@Duxton

Best coverage around levels 6 - 25.
A general decline trend as level increases above 25

Singtel RSRP M1 RSRP Starhub RSRP
dBm dBm dBm
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Starhub CE Mode

A
S

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20

0.00 I
K\
N2

M1 CE Mode

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20

CE mode values are average over 60 seconds
Singtel CE Mode

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Residential Measurements — Key Learning Points

1C Pinnacle@Duxton
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Residential Measurements - Photos
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CBD Measurements - Highlights
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CBD Measurements - Key Learning Points

Meter in enclosed metering room Narrow passage and high walls, meter below Unblock, Open space, meter in
ground covered by concrete pavement metal and concrete chamber



CBD Measurements — Key Learning Points

0.00
SlandS2 S3 S6 S8 S9 S10 S11  S13and S16* S19and S22 S23 S26 S28 S34* S36 S37 S38 S40 S42 S$43  S46and
S14 S20 S47
-20.00
-40.00

Unblock, Open space, meter in

-60.00 metal and concrete chamber
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CBD Measurements — key learning points

Coverage -Mode

1.20
1.00
0.80
0.60
0.40
0.20
I I .
S1landS2 S3 S6 S8 S9 S10 S11 Sl;:la;nd sie* SlSQZaond S22 S23 S26 S28 S34* S36 S37 S38 S40 S42 S43 54564a7nd

M Singtel M1 m Starhub

Each MNO has different CE Mode settings






Drive Test Measurements — Key Learning Points
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Singtel RSRP Coverage M1 RSRP Coverage Starhub RSRP Coverage

Unit: dBm

0 [-70.00; 10.00]

O (-85.00. 70.00[
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Wil others
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Drive Test Measurements — Key Learning Points

.| CEO
CE1
o
||
No data

Singtel CE Mode M1 CE Mode Starhub CE Mode
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Summary Of Measurement Results

« NB-loT services are generally well deployed for all locations measured, though some localized
optimization may be required.

*  From results, we observed mid levels between 6 to 25 stories appears to have most ideal coverage
performance.

«  Surroundings such as trees, adj. buildings, etc contributes to attenuation of coverage performance at
lower levels.

« Atvery high levels (as seen from Pinnacle@Duxton), a dip in coverage performance. Likely due to down
tilt of base stations antenna from nearby buildings. But deployment is possible based on the
measurements.

«  Materials of enclosure (Wooden / Metal door) don’t seem to have significant impact to signal attenuation.
« Items stowed near water meter does not appear to affect measurement results much.

* Based on the study, NB-loT signals can reach water meter positions in a variety of scenarios such as high
rise housing, commercial buildings in Singapore which is representative of most meter positions

«  RFP for NB-loT water meters is underway. Meter vendors can bring overseas experience to Singapore.



Info About NB-1oT Networks In Singapore

UMTS/GS STAND ALONE EARFCN Frequency
T T o | EAeN | ey

200kHZ

Singtel 1209 3

' GUARD BAND 3716 8

200kHZ M1 3584 8

' ml INBAND Starhub 3477 8

200kHZz

All NB-loT water meters need to work on frequency Dl]ce)i-ﬁ\}éllloigglrglcjsrifgﬁ% giﬁlgy

band 8 and 3, using INBAND mode Mode.






