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Change history 19 

 20 

MWS revision Author Description and rationale for change 

1 Timo Hakala Initial revision 

2 Timo Hakala Typo in chapter 4.2.3 line 240 fixed: +6.2 dBi → +6.8 dBi 
This does not impact the test results as frequency specific max. 
gain values (from table 11) were used in the test report 
calculations 

 21 

  22 



 

 

Wearable Monitoring 
DOC2503559 Hub and SB Antenna Test Report 

  
  4 (14) 

Glossary 23 

Acronym Description 

AMS Ambulatory Monitoring Solution 

EIRP Effective Isotropic Radiated Power 

HLA High Level Assembly 

MBAN Medical Body Area Network 

MVP Mass production Validation Prototype 

MWS MY Workshop 

NFC Near Field Communication 

PWA Printed Wire Board Assembly 

SAR Specific Absorption Rate 

SB Sensor Battery 

SN Serial Number 

TRP Total Radiated Power 

WLAN Wireless Local Area Network 
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1 Scope 25 

This document presents the antenna performance measurement results of the AMS V1 Hub 26 

and Sensor Battery. The antenna parameters are required in the radio standard compliance 27 

testing and also used as the design quality evidence in GE’s internal Hub and SB RF unit testing. 28 

 29 

2 DUTs, calculations and measurement configurations 30 

The DUT antennas coved by this document are:  31 

 32 

Sensor Battery (2360-2500 MHz): 33 

• MBAN antenna 34 

 35 

Hub: 36 

• MBAN (2360-2500 MHz): 37 

o Bottom antenna 38 

o Top antenna 39 

• WLAN 2.4GHz (2400-2483.5 MHz): 40 

o Top antenna 41 

• WLAN 5GHz (5170-5835 MHz): 42 

o Bottom antenna 43 

o Top antenna 44 

 45 

The given antenna parameter values are based on following data: 46 

• Conducted TX power measurements: 47 

o Made by Timo Hakala at the GE lab on 14-18-Oct-2020 48 

o Measurement results reported in the document [1] 49 

• Radiated TRP and EIRP measurements: 50 

o Made at Verkotan antenna laboratory on 20-22-Oct-2020 51 

o Measurement results reported in the document [2] 52 

• Antenna parameter calculations: 53 

o Calculations combine the conducted and the radiated measurement results 54 

so that the antenna parameters (maximum gain and  total radiation 55 

efficiency) can be defined. 56 

o Made by Timo Hakala between 20-Oct and 12-Dec-2020 57 

o Calculation are reported in the document [1] 58 

 59 

The official antenna parameters are measured and calculated from a single SB and Hub DUT. 60 

More DUTs were spot check measured to make sure the selected DUTs are representative 61 

samples. The measurement results of the other DUTs are not presented in this document but 62 

the data is included in the documents [1] and [2]. 63 

 64 

 65 
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Hub DUT used antenna testing: 66 

• preMVP4 (no RF modifications) 67 

o After the antenna measurement on (20-22-Oct-2020), the Hub RF design was 68 

improved by adding three RF inductors to the lines connecting the MBAN RF 69 

to the MBAN antennas. The purpose of the inductors is to improve the RF 70 

matching in long antenna lines. The conducted power is measured from the 71 

test connectors after these inductors and impact to the antenna performance 72 

is seen negligible. Thus, it is seen OK to use this DUT as for the final antenna 73 

measurements. 74 

• HLA SN: SRW20030023SP 75 

• PWA SN: X0017480002YMB 76 

• SW: 77 

o Hub: 1.0.0.1.1.12320-2.1.5c5aca7.1.0.0.1 78 

o MBAN test mode: 1.0.0.1.1.0-1.1.2f046a9.1.0.0.1 79 

o TI calibrator scripts: GIT wearable-wireless-tools 4c3f017 80 

 81 

Sensor Battery DUT used antenna testing: 82 

• preMVP4 with final MVP RF modifications 83 

o TX matching and antenna matching components we manually modified to be 84 

equivalent with the final mass production (MVP) device 85 

• HLA SN: AXLD041 86 

• PWA SN: X0017480004R41 87 

• SW: 88 

o wearable-puck-1.0.0.1.1.1-2.1.4d124e6.1.0.0.1 89 

o mban-test-mode-wearable-puck-swup-1.0.0.1.1.1-2.1.4d124e6.1.0.0.1 90 

 91 

Antenna parameters calculated from radiated and conducted measurements: 92 

 93 

Maximum antenna gain (dBi): 94 

• Used in radio standard measurements to define radiated TX power (i.e. defined as 95 

requirement) based on conducted measurements 96 

• Max gain = max EIRP / conducted TX power 97 

• max EIRP (dBm) is the power the antenna radiates to the direction of its strongest 98 

emission (over the spherical surface) 99 

o The EIRP value used in calculations is the sum of the horizontal and vertical 100 

polarization power to certain this direction 101 

o Radio standards allow using the bigger polarization value, either horizontal or 102 

vertical → this can be exploited later, if problems occur in radio standard 103 

testing 104 

• Conducted TX power (dBm) is the power measured from 50 Ω RF test connector 105 

located in the antenna input 106 

 107 

Total antenna efficiency (dB): 108 

• Used to estimate antenna quality in the RF unit testing 109 

• Total efficiency = TRP / conducted TX power 110 
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• TRP (dBm) defines the total power radiated by the antenna (integrated over the 111 

spherical surface) 112 

 113 

The TX power modes used in testing: 114 

• MBAN: 115 

o Max PA - Maximum MBAN power with external PA (MBAN test mode 116 

command --pa_ic 63 --pa_ext 1) 117 

o Max RFIC- Maximum MBAN power without external PA (MBAN test mode 118 

command --pa_ic 63 --pa_ext 0 119 

o MCAL 0 or 1: TX power according to MCAL calibration vector 0 or 1 (MBAN 120 

test mode command --pa_mcal 0 or 1) 121 

• WLAN: 122 

o Maximum power allowed by the WLAN module HW and SW configuration is 123 

always used 124 

 125 

Use cases used in antenna chamber: 126 

• Free space: 127 

o DUT is in free space (i.e connected RF transparent and low loss polystyrene 128 

holder) 129 

• Body normal: 130 

o DUT is connected to an artificial body block (SAR liquid tank used) according 131 

to the most common clinical use case (Hub battery side facing on body, SB 132 

sensor connector facing on body) 133 

• Body flipped: 134 

o Like “body normal” use case but the DUT flipped (Hub display facing on body, 135 

SB NFC facing on body) 136 

 137 

 138 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 
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3 Sensor Battery 151 

3.1 MBAN 152 

The Sensor Battery antenna parameters are listed in Table 1 and Table 2.  153 

• Maximum antenna gain: 154 

o From -4.9 dBi to +3.4 dBi (free space) 155 

o  A separate max antenna gain number is used per radio standard.  156 

• Total antenna efficiency: 157 

o From -5.7 dB to -11.1 dB (free space) 158 

o From -9.1 dB to -14.5 dB (on body) 159 

 160 

Table 1: Sensor Battery maximum antenna gain  161 

Sensor Battery 
Maximum antenna gain 

US MBAN ISM EU MBAN   

indoor anywhere             

low high mid low mid high low high unit 

    channel 0 11 13 15 31 46 47 52   

    frequency 2362 2390 2395.4 2402 2443 2481.5 2485.5 2498 MHz 

Free 
space 

max PA 1.8     2.6 1.7 -2.4   -4.8 

dBi 

max RFIC 2.3     2.1 0.5 -2.4   -4.3 

MCAL 0 2.4 3.4 2.0 1.8 2.2 -1.3 -3.2 -4.9 

MCAL 1       1.5 2.3 -0.5   -2.8 

ETSI EN300328 and EN300203 N/A 2.3 -3.2 

FCC part15 and part95 3.4 2.0 2.6 N/A 

 162 

 163 

 164 

Table 2: Sensor Battery total antenna efficiency 165 

Sensor Battery 
Total antenna efficiency 

US MBAN ISM EU MBAN   

indoor anywhere             

low high mid low mid high low high unit 

  channel 0 11 13 15 31 46 47 52   

  frequency 2362 2390.2 2395.4 2402 2443 2481.5 2485.5 2498 MHz 

Free space 

max PA -7.5     -6.0 -7.0 -9.8   -11.1 

dB 

max RFIC -6.6     -6.3 -8.4 -9.9   -10.7 

MCAL 0 -6.6 -5.7 -6.8 -6.8 -6.8 -8.8 -10.1 -10.8 

MCAL 1       -7.0 -6.8 -7.8   -9.1 

Body normal max PA -11.5     -10.2 -12.0 -13.7   -14.5 

Body flipped max PA -10.4     -9.1 -10.3 -12.2   -13.1 

 166 

 167 
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4 Hub 168 

4.1 MBAN 169 

4.1.1 MBAN Bottom Antenna 170 

The Hub MBAN bottom antenna parameters are listed in the Table 3 and Table 4. 171 

• Maximum antenna gain: 172 

o From +2.2 dBi to +3.0 dBi (free space) 173 

• Total antenna efficiency: 174 

o From -1.3 dB to -2.4 dB (free space) 175 

o From -4.5 dB to -6.5 dB (on body) 176 

 177 

 178 

Table 3: Hub MBAN bottom antenna maximum gain 179 

Hub - MBAN bottom antenna 
Maximum antenna gain 

US MBAN ISM EU MBAN   

indoor anywhere           

unit low high mid low mid high low high 

    channel 0 11 13 15 31 46 47 52 

    frequency 2362 2390.2 2395.4 2402 2443 2481.5 2485.5 2498 MHz 

Free 
space 

max PA 2.4     2.7 2.9 3.1   2.2 

dBi 

max RFIC 2.1     2.3 2.6 2.6   1.8 

MCAL 0 2.2 2.5 2.2 2.3 2.7 2.8 2.9 1.9 

MCAL 1       2.4 2.6 3.0   2.2 

ETSI EN300328 and EN300203 N/A 3.0 2.9 

FCC part15 and part95 2.5 2.2 2.9 N/A 

 180 

 181 

 182 

Table 4: Hub MBAN bottom antenna total efficiency 183 

Hub - MBAN bottom 
antenna 

Total antenna efficiency 

US MBAN ISM EU MBAN 

unit indoor anywhere           

low high mid low mid high low high 

  channel 0 11 13 15 31 46 47 52   

  frequency 2362 2390.2 2395.4 2402 2443 2481.5 2485.5 2498 MHz 

Free space 

max PA -1.8     -1.3 -1.5 -1.5   -2.0 

dB 

max RFIC -1.7     -1.6 -1.8 -1.9   -2.4 

MCAL 0 -1.6 -1.4 -1.6 -1.6 -1.8 -1.7 -1.8 -2.2 

MCAL 1       -1.6 -1.9 -1.7   -1.9 

Body normal max PA -5.5     -5.6 -5.5 -6.0   -6.4 

Body flipped max PA -4.5     -4.6 -4.9 -5.2   -5.6 

 184 
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 185 

4.1.2 MBAN Top Antenna 186 

The Hub MBAN bottom antenna parameters are listed in the Table 5 and Table 6. 187 

• Maximum antenna gain: 188 

o From +4.1 dBi to +5.6 dBi (free space) 189 

• Total antenna efficiency: 190 

o From -2.3 dB to -1.1 dB (free space) 191 

o From -6.2 dB to -4.6 dB (on body) 192 

 193 

Table 5: Hub MBAN top antenna maximum gain 194 

Hub - MBAN top antenna 
Maximum antenna gain 

US MBAN ISM EU MBAN 

unit indoor anywhere           

low high mid low mid high low high 

  channel 0 11 13 15 31 46 47 52   

  frequency 2362 2390.2 2395.4 2402 2443 2481.5 2485.5 2498 MHz 

Free 
space 

max PA 4.8     5.2 5.6 5.2   5.5 

dBi 

max RFIC 4.2     4.6 5.1 4.9   5.4 

MCAL 0 4.1 4.3 4.3 4.4 5.0 5.0 5.2 5.1 

MCAL 1       4.5 5.0 5.1   5.4 

ETSI EN300328 and EN300203 N/A 5.1 5.4 

FCC part15 and part95 4.3 4.3 5.6 N/A 

 195 

 196 

Table 6: Hub MBAN top antenna total efficiency 197 

Hub - MBAN top antenna 
Total antenna efficiency 

US MBAN ISM EU MBAN 

unit indoor 
anywhe

re 
          

low high mid low mid high low high 

  channel 0 11 13 15 31 46 47 52   

  frequency 2362 2390.2 2395.4 2402 2443 2481.5 2485.5 
249

8 
MHz 

Free space 

max PA -1.6     -1.1 -1.1 -1.2   -1.3 

dB 

max RFIC -2.0     -1.6 -1.6 -1.5   -1.4 

MCAL 0 -2.3 -2.0 -1.8 -1.7 -1.7 -1.2 -1.3 -1.4 

MCAL 1       -1.6 -1.7 -1.2   -1.2 

Body normal max PA -6.2     -5.3 -5.1 -5.3   -5.2 

Body flipped max PA -5.6     -5.3 -4.9 -4.8   -4.6 

 198 

 199 

 200 

 201 



 

 

Wearable Monitoring 
DOC2503559 Hub and SB Antenna Test Report 

  
  11 (14) 

4.2 WLAN 202 

4.2.1 WLAN 5GHz Bottom Antenna 203 

The WLAN 5GHz bottom antenna parameters are listed in Table 7 and Table 8: 204 

• Maximum antenna gain: 205 

o From +1.0 dBi to +4.0 dBi (free space) 206 

o A separate gain value is used per channel 207 

• Total antenna efficiency: 208 

o From -4.1 dB to -1.5 dB (free space) 209 

o From -6.2 dB to -3.5 dB (on body) 210 

 211 

 212 

Table 7: Hub WLAN bottom antenna maximum gain 213 

Hub - WLAN 5 GHz bottom antenna 
Maximum antenna gain 

ETSI ETSI N/A 

unit FCC FCC N/A FCC 

  channel 36 48 64 100 108 116 128 140 153 165 

  frequency 5180 5240 5320 5500 5540 5580 5640 5700 5765 5825 MHz 

Free space max power 1.2 1.0 2.0 3.4 3.1 2.6 3.2 2.5 4.0 3.6 dBi 

 214 

 215 

Table 8: Hub WLAN bottom antenna total efficiency 216 

Hub - WLAN 5 GHz bottom antenna 
Total antenna efficiency 

ETSI ETSI N/A 

unit FCC FCC N/A FCC 

  channel 36 48 64 100 108 116 128 140 153 165 

  frequency 5180 5240 5320 5500 5540 5580 5640 5700 5765 5825 MHz 

Free space max power -4.1 -3.6 -2.9 -1.8 -1.5 -2.0 -1.7 -2.3 -2.2 -2.1 

dBi Body normal max power -5.7     -4.3           -4.0 

Body flipped max power -6.2     -3.5           -4.0 

 217 

 218 

 219 

4.2.2 WLAN 2.4 GHz Top Antenna 220 

The WLAN 2.4 GHz top antenna parameters are listed in the Table 9 and Table 10: 221 

• Maximum antenna gain: 222 

o From +4.4 dBi to +6.0 dBi (free space) 223 

o A separate gain value is used per channel 224 

• Total antenna efficiency: 225 

o From -2.0 dB to +0.4 dB (free space) 226 

▪ Note: the positive total efficiency means that the WLAN module is 227 

better RF matched to the antenna than a 50Ω RF power probe 228 

o From -4.9 dB to -3.0 dB (on body) 229 

 230 
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Table 9: Hub WLAN 2.4 GHz top antenna maximum gain  231 

Hub - WLAN 2.4 GHz top antenna 
Maximum antenna gain 

ETSI 

unit FCC FCC N/A 

  channel 1 6 11 13 

  frequency 2412 2437 2462 2472 MHz 

Free space   max power 5.2 4.4 6.0 4.2 dBi 

 232 

 233 

Table 10: Hub WLAN 2.4 GHz top antenna total efficiency 234 

Hub - WLAN 2.4 GHz top antenna 
Total antenna efficiency 

ETSI 

unit FCC FCC N/A 

  channel 1 6 11 13 

  frequency 2412 2437 2462 2472 MHz 

Free space   max power 0.4 -2.0 0.1 -1.8 

dBi Body normal   max power -3.2     -4.9 

Body flipped   max power -3.0     -4.8 

 235 

 236 

4.2.3 WLAN 5GHz Top Antenna 237 

The WLAN 2.4 GHz top antenna parameters are listed in the Table 11 and Table 12: 238 

• Maximum antenna gain: 239 

o From +1.3 dBi to +6.8 dBi (free space) 240 

o A separate gain value is used per channel 241 

 242 

• Total antenna efficiency: 243 

o From -4.4 dB to -0.9 dB (free space) 244 

o From -6.5 dB to -4.3 dB (on body) 245 

 246 

Table 11: Hub WLAN 5 GHz top antenna maximum gain 247 

Hub - WLAN 5 GHz top 
antenna 

Maximum antenna gain 

ETSI ETSI N/A 

unit FCC FCC N/A FCC 

  channel 36 48 64 100 108 116 128 140 153 165 

  frequency 5180 5240 5320 5500 5540 5580 5640 5700 5765 5825 MHz 

Free space max power 1.3 2.4 3.7 6.8 6.2 6.0 6.2 5.6 6.0 5.9 dBi 

 248 

 249 

 250 

 251 

 252 
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Table 12: Hub WLAN 5 GHz top antenna total antenna efficiency 253 

Hub - WLAN 5 GHz top 
antenna 

Total antenna efficiency 

ETSI ETSI N/A 

unit FCC FCC N/A FCC 

  channel 36 48 64 100 108 116 128 140 153 165 

  frequency 5180 5240 5320 5500 5540 5580 5640 5700 5765 5825 MHz 

Free space max power -4.4 -3.8 -3.0 -0.9 -1.7 -2.2 -1.8 -2.6 -2.3 -2.1 

dBi Body normal max power -6.5     -3.0           -4.3 

Body flipped max power -6.5     -2.7           -4.3 

 254 

 255 

5 Summary 256 

The measured and calculated parameters from the all antennas are summarized in XX. 257 

 258 

Table 13: Summary of all antenna parameters 259 

use 
case DUT radio antenna 

max gain 
(dBi) 

total efficiency (dB) 

min max 

free 
space 

SB MBAN   3.4 -11.1 -5.7 

Hub 

MBAN 
bottom 3.0 -2.4 -1.3 

top 5.6 -2.3 -1.1 

WLAN 2.4GHz top 6.0 -2.0 0.4* 

WLAN 5GHz 
bottom 4.0 -4.1 -1.5 

top 6.8 -4.4 -0.9 

on 
body 

SB MBAN   N/A -14.5 -9.1 

Hub 

MBAN 
bottom N/A -6.4 -4.5 

top N/A -6.2 -4.6 

WLAN 2.4GHz top N/A -4.9 -3.0 

WLAN 5GHz 
bottom N/A -6.2 -3.5 

top N/A -6.5 -2.7 

* positive is due to antenna input (non 50 ohm) vs. power meter (50 ohm) RF 
matching  

 260 

 261 
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