
FP7-ICT-2009-5                                  WiserBAN (257454)                                 D7.12v3.00 

1 
 

 

WiserBAN 

                      
 

Project Acronym:  WiserBAN  

Project Title: Smart miniature low-power wireless microsystem for Body Area Networks 

Call: FP7-ICT-2009-5, Collaborative project 

Grant Agreement no.: 257454 

Project Duration: 36 months 

Coordinator: CSEM 

Beneficiaries:       

CSEM Centre Suisse D’Electronique et de Microtechnique SA –

Recherche et Development 

CSEM CH 

Commissariat a L’Energie Atomique et aux Energies Alternatives CEA FR 

Fraunhofer-Gesellschaft zur Foerderung der Angewandten 

Forschung E.V. 

FRAUNHOFER DE 

Valtion Teknillinen Tutkimuskeskus VTT FI 

Technische Universitat Berlin TUB DE 

Alma Mater Studiorum-Universita di Bologna UNIBO IT 

Sorin CRM SAS SORIN FR 

EPCOS SAS EPCOS FR 

MED-EL Elektromedizinische Geraete GmbH MED-EL AT 

Siemens Audiologische Technik GmbH DE-SAT DE 

Debiotech S.A. DEBIOTECH CH 

SignalGenerix Ltd SG CY 

RTD TALOS Ltd TALOS CY 

 



FP7-ICT-2009-5                                  WiserBAN (257454)                                 D7.12v3.00 

2 
 

 

WiserBAN 

Smart miniature low-power wireless microsystem for  

Body Area Networks 

 

WP Number: WP7 

Deliverable identifier:  D7.12 

Deliverable title: Report on Standardisation  
 
 

Due date of the deliverable: 31/08/2014 

Actual submission date to the EC: 31/08/2014    

Organization name of lead partner for this Document (partner name): SORIN 

Author(s): Renzo Dal Molin (SORIN), Chiara Buratti (UNIBO)  

 

Document Status: Final  version 

  

 

Project funded by the European Commission within the Seventh Framework 

Programme 

Dissemination Level 

PU Public 
X 

PP Restricted to other programme participants (including the Commission Services) 
 

RE Restricted to a group specified by the consortium (including the Commission Services) 
 

CO Confidential, only for members of the consortium (including the Commission Services) 
 

 



FP7-ICT-2009-5                                  WiserBAN (257454)                                 D7.12v3.00 

3 
 

 

Revision History 

Version Date Changed page(s) Cause of change Partner 

V1 30/06/2014 All Creation of the 

Document 

UNIBO 

V2 08/07/2014 All Draft 1 SORIN 

V3 10/07/2014 4-19 Draft 2 SORIN 

     

 

Disclaimer: The information in this document is subject to change without notice. Company or 

product names mentioned in this document may be trademarkers or registered trademarks of their 

respective companies.  

 

All rights reserved. 

The document is proprietary of the WiserBAN consortium members. No copying or distributing, in 

any form or by any means is allowed without the prior written agreement of the owner of the property 

rights.  

Τhis document reflects the authors’ view. The European Community is not liable for any use that may 

be made of the information contained herein.  

 

 



FP7-ICT-2009-5                                  WiserBAN (257454)                                 D7.12v3.00 

4 
 

Contents 
 

Executive Summary ................................................................................................................................. 5 

1 ETSI Intellectual Property Rights (IPR) Policy .................................................................................... 5 

2 List of Abreviations and definitions .................................................................................................. 6 

3 ETSI Mission ...................................................................................................................................... 7 

4 Technical discussions ........................................................................................................................ 8 

4.1 Some Key Parameters LP-AMI Tranceivers .................................................................................... 8 

4.2 Impact of the LTE Advanced on LP-CIS ........................................................................................ 10 

4.2.1 LTE Impact ................................................................................................................................. 11 

4.2.2 Different scenarios .................................................................................................................... 12 

4.3 CIC Out of Band Rejection Performance ...................................................................................... 13 

4.4 EN301 559 Receiver Blocking Considerations .............................................................................. 14 

5 Achievements.................................................................................................................................. 16 

5.1 Emerging Spectrum @ 2.5GHz  Sharing Issue with LP-AMI ......................................................... 16 

5.2 Medical Body Area Network ........................................................................................................ 16 

5.3 Cochlear Implant System ............................................................................................................. 17 

6 Discussions on LP-AMI MBANS Coexistence ................................................................................... 18 

6.1 Considerations towards Solutions to Achieve MBANS/LP-AMI Coexistence .............................. 20 

6.1.1 Interference of the Communication Link .................................................................................. 20 

6.1.2 Reduction of Implant Battery Life ............................................................................................. 21 

6.1.3 Other Aspects............................................................................................................................ 22 

7 Conclusion: achievements and future work ................................................................................... 22 

 



FP7-ICT-2009-5                                  WiserBAN (257454)                                 D7.12v3.00 

5 
 

Executive Summary  
This report is about the discussions on standardization of the WiserBAN results through participation 

in BAN standardization activities in the IEEE, ETSI and ECMA. The WiserBAN partners are active in 

several technical committees for standardization and will thus play an important role in these 

technical committees in the standardization of the WiserBAN results. Mass-market standards will be 

needed for BAN to promote the availability of low cost solutions for health, wellness and e-leisure 

applications (e.g. sensors and actuators) and ensure the interoperability of BAN devices with various 

commercial handheld units (e.g. for BAN-WAN connectivity). SORIN coordinated the standardisation 

efforts based on specific contributions coming especially from: 

 CSEM is active in the BAN standardisation activities in the IEEE, ETSI and ECMA. It is the Vice- 

Chair of the new ETSI eHealth group. CSEM represented the WiserBAN consortium in the 

relevant BAN standardization and regulatory bodies; 

 CEA actively followed WPAN IEEE working groups; 

 SAT is active via the Siemens AG in various standardization bodies; 

SORIN is also an ETSI member and is active in the TG30 group with mainly the maintenance of the 

present MICS standard. 

1 ETSI Intellectual Property Rights (IPR) Policy 

ETSI members have the obligation under clause 4.1 of the ETSI IPR Policy1, Annex 6 of the Rules of 

Procedure, to inform ETSI of Essential IPRs they become aware of. ETSI members have the obligation 

to notify its own IPRs but also other companies’ IPRs 

The members take note that they are invited: 

 To investigate in their company wether their company does own IPRs which are, or are likely 

to become Essential in respect of the work of the Technical Body 

 To notify to the Chairman or to the ETSI Director-General all potential IPRs that their 

company may own, by means of the IPR Information Statement and the Licensing 

Declaration forms that they can obtain from the ETSI Technical Officer or members are 

encouraged to make general IPR undertakings/declarations that they will make licenses 

available for all their IPRs under FRAND terms and conditions related to a specific 

standardisation area and then, as soon as feasible, provide (or refine) detailed disclosures. 

 

 

 

 

 

                                                           
1 http://www.etsi.org/legal/IPR_database/IPRforms-V4.doc 

 

http://www.etsi.org/legal/IPR_database/IPRforms-V4.doc
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2 List of Abreviations and definitions 

These definitions and symbols have been taken from ETSI report on the Electromagnetic 

compatibility and Radio spectrum Matters2 (ERM). 

 

Active Implantable Medical Device (AIMD): any Active Medical Device (AMD) which is intended to 

be totally or partially introduced, surgically or medically, into the human body or by medical 

intervention into a natural orifice, and which is intended to remain after the procedure including any 

accessories or software for its proper functioning. 

Cochlear Implant (CI): implantable portion of the LP-CIS or the surgically implanted active medical 

device that stimulates the auditory nerve directly by electrical pulses or indirectly by mechanical 

stimulation or vibration. 

Cochlear Implant System (CIS): active implantable medical system consisting of external peripheral 

device(s) together with a low power active medical implanted device that provides stimulation to the 

patient's cochlea. 

Medical Device (MD): any instrument, apparatus, appliance, material or other article, whether used 

alone or in combination, together with any accessories or software for its proper functioning, 

intended by the manufacturer to be used for human beings in the: 

• diagnosis, prevention, monitoring, treatment or alleviation of disease or injury and for prolongation 

of life; 

• investigation, replacement or modification of the anatomy or of a physiological process; 

• control of conception; and which does not achieve its principal intended action by pharmacological, 

chemical, immunological or metabolic means, but which may be assisted in its function by such 

means. 

Low Power Active Medical Implant (LP-AMI): low power radio part of any Active Medical Device 

(AMD), which is intended to be totally or partially introduced, surgically or medically, into the human 

body or by medical intervention into a natural orifice, and which is intended to remain after the 

procedure. 

Low Power Active Medical Device Peripheral (LP-AMD-P): low power radio part of medical 

equipment outside the human body that communicates with the CI NOTE: LP-AMD-P may only 

communicate with the CI.  

Low Power Cochlear Implant System (LP-CIS): low power radio part of the cochlear implant system 

(CIS), which is intended to be totally or partially introduced, surgically or medically, into the human 

body, and which is intended to remain after the procedure. 

Low Power Body Worn Device (LP-BWD): external portion of the LP-CIS in close proximity (6 cm or 

less) to the CI and is used to communicate with the CI. 

 

 

                                                           
2http://portaltabs.etsi.org/ 

  

http://portaltabs.etsi.org/
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3 ETSI Mission 

The European Telecommunications Standards Institute3 (ETSI) is an independent, not-for-profit, 

standardization organization in the telecommunications industry (equipment makers and network 

operators) in Europe, with worldwide projection. ETSI produces globally-applicable standards for 

Information and Communications Technologies (ICT), including fixed, mobile, radio, converged, 

broadcast and internet technologies. ETSI publishes between 2,000 and 2,500 standards every year. 

Since its establishment in 1988, it produced over 30,000. These include the standards that enable key 

global technologies such as GSM™ cell phone system, 3G, 4G, DECT™, TETRA professional mobile 

radio system, and Short Range Device requirements including LPD radio, smart cards and many more 

standards success stories. 

In 2013, ETSI’s EMC and Radio Spectrum Matters Technical Committee (TC ERM) continued to 

analyse the potential impact of the European Commission’s (EC’s) proposals for a new Radio 

Equipment Directive to replace the Radio and Telecommunications Terminal Equipment (R&TTE) 

Directive. For many years TC ERM has provided more than 75% of the Harmonised Standards 

required under the R&TTE Directive. The new Directive will have implications for ETSI’s radio work, 

especially in relation to software defined radio, cognitive radio and receivers. 

ETSI ERM is a "horizontal" technical committee that is responsible for the standardization of 

electromagnetic compatibility (EMC) and radio spectrum matters on behalf of all other technical 

bodies of ETSI.  

TC ERM works closely on various medical issues with ETSI’s eHealth project, EP eHEALTH, including 

Telemedicine solutions for the ‘Internet polyclinic’. In countries such as Russia, with a population 

scattered over wide areas, home medicine and Telemedicine could help provide a comprehensive 

health care system and reduce the growing costs of health care. The aim is to create the standards 

necessary for the confidential transmission of medical data by wireless signals from individual 

measuring equipment, via a PC and video-link. One of the current problems is the lack of 

interoperability between devices. During 2013 work continued on a TR, analysing the economic, legal 

and technical issues for the implementation of a Telemedicine solution, and examining use cases. 

Publication is expected in 2014. The committee is also working on a related ETSI Technical 

Specification (TS), to ensure interoperability (by defining the protocol requirements), security and 

maximum quality for the transmission of confidential data.  

Wireless medical devices (TG30), is one of the task group which is set up on a short-term basis to 

deal with particular issues, and which disband on the resolution of the task. This ongoing task group 

aims is to set a Standards drafting, fulfilling the following objectives: 

 Propose and elaborate product specific standards for radiocommunications equipment in 

connection with medical devices under the direction of TC-ERM, where the Generic 

Standards are not applicable or suitable for the application. 

 Prepare draft SRDocs addressing frequency allocation matters in relation with 

radiocommunications applications for medical devices.  

                                                           
3 http://www.etsi.org/ 
 

http://en.wikipedia.org/wiki/Standardization
http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Europe
http://en.wikipedia.org/wiki/GSM
http://en.wikipedia.org/wiki/Terrestrial_Trunked_Radio
http://en.wikipedia.org/wiki/Short_Range_Device
http://en.wikipedia.org/wiki/LPD433
http://www.etsi.org/
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 Cover all aspects specific to medical telemetry transmitting devices and all medical implant 

telemetry device specifications/standards. 

In July, TC ERM published a System Reference Document seeking a change in the regulatory 

requirements to allow the 2 483,5 - 2 500 MHz band to be used by Short Range Devices (SRDs) for 

low power cochlear implant systems. Work began on a new two-part EN on Medical Body Area 

Network Systems (MBANSs) in that range, to improve their compatibility with low power active 

medical implants and to ensure adequate spectrum sharing mechanisms. 

TC ERM is responsible in ETSI for issues relating to spectrum usage. Work continues on a TR which 

includes detailed information on spectrum use and an overview of ETSI standards, reports and 

specifications, together with their applications and frequency bands. The committee is currently 

adding the frequencies used by equipment covered in ETSI’s radio standardization and, to make the 

information more easily accessible, is including the data as one of the search options in the ETSI 

Work Program. The data will also be included on the CEPT Electronic Communications Committee 

(ECC) website and in the database of the Electronic Communications Office (ECO) Frequency 

Information System (EFIS). A new version of the TR was expected to be published in 2014. 

4 Technical discussions 

4.1 Some Key Parameters LP-AMI Tranceivers 

The LP-AMI-P 2.5GHz power limit is +10dBm e.i.r.p. and is envisaged for mains powered LP-AMI-P 

devices to be used in indoor environments. 

The emitted power of implantable LP-AMI-D shall be limited by power supply restrictions and body 

penetration loss. The ETSI shall specify the anticipated radiated power limit for LP-AMI-D in final ETSI 

harmonised standard. 

It is well known that in the ETSI System Reference Document TR 102 655 the 1.6GHz LBT principle 

was believed to detect an up-link channel MSS (or CGC) handled terminal operation in order to 

prevent then LP-AMI-P emission on the 2.5GHz paired satellite (or CGC base station) down link 

channel, thus avoiding interference to the handled terminal Rx. 

However the CEPT ECC Report 149 Spectrum Compatibility study, thanks its in deep analysis, resulted 

by something very interesting. 

When reading sections 5.3 and 5.4, SEAMCAT compatibility vs. MSS and CGC respectively, one may 

assume that there isn’t anymore a necessity for 1.6GHz LBT designed to detect an up-link channel 

MSS (or CGC) handled terminal operation in order to prevent LP-AMI-P emission then on the 2.5GHz 

paired satellite (or CGC base station) down link channel, thus avoiding interference to the handled 

terminal Rx. 

These above considerations come from the fact that there is no reasonable risk for MSS down-link vs. 

LP-AMI-P (see section 5.2.1) and for LP-AMI-P vs. MSS MES Globalstar (see section 5.2.2.) too. 
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For the CGC case the LBT/AFS mechanism in LP-AMI-P, will sense the presence of strong signals from 

a terrestrial CGC base station and will choose the channels where CGC is not operated, e.g. the 

channels used by mother-MSS system. 

If all above is the case, then 1.6GHz LBT/AFS would be not needed and would remain just an 

additional optional tool for LP-AMI-P to detect a CGC 1.6GHz handled channel transmission in order 

to escape from, even unlikely case of, the 2.5GHz paired CGC base station channel that was 

incidentally not detected by 2.5GHz LP-AMI-P LBT. 

Moreover, the reliability of 1.6 GHz sensing would be anyway highly questionable as it is very unlikely 

that LP-AMI-P could be reliably detecting the uplink transmissions of MSS. The detection of uplink in 

CGC mode is likely only if assuming the same-room operation scenario, which, as the ECC Rep. 149 

insistently kept pointing out, was not a very realistic scenario. 

If the LP-AMI-P would have LBT sensing for CGC BS downlinks that would be the sufficient as well as 

most reliable option. However if at the end the 1.6GHz LBT is designed then what should be its 

advisable receiver gain (considering a possible LP-AMI-P receiver noise floor of-104.8dBm) and what 

its bandwidth (1230 kHz = CGC bandwidth or 1000 kHz = LP-AMI-P typical channel)? 

The answer would need a separate study, so, given the above mentioned fundamental unreliability 

of such operations, perhaps it would be sufficient to refer to "power level sensing" set as low as 

practically possible by the state-of-the art RF front-end to be used in LP-AMI-P. Then the question of 

bandwidth would be again linked to what is possible. I.e. if the 1.6 GHz sensing would be done by re-

tuning of the same main receiver, then I guess it would be logical to stick with the LP-AMI-P 

bandwidth in order to avoid hassle with adapting the receiver filter. But if perhaps the sensing could 

be done by an additional receiver, perhaps it could be assigned a separate filter with CGC bandwidth 

filter that would be a more logical/reliable solution. 

In order to remind you that the original vision was that 2.5GHz LBT should be realised as a simple 

power-gauge within channel bandwidth, so the receiver should detect any power in the channel, 

regardless of type of interfering system. However after the ECC Report 149 has been completed and 

the specific operating 2.5GHz band had been chosen for LP-AMI, ETSI is requested to take the specific 

parameters of identified victim services into account when defining specifications for LBT/AFS for 

example to ensure in-band detection of CGC and the IMT-2000 emissions in the adjacent frequency 

band above 2.5GHz) as well as the APC’s dynamic range (e.g. 20 dB) during development of final 

harmonised standard for LP-AMI. 

In addition to the above regulatory requirements for LP-AMI applications, TR 102 655 also provides 

example of LP-AMI-P receiver parameters, as shown in Table below. 
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Parameters Bandwidth 

 100 kHz 1 MHz 

KTB -123.9 dBm -113.9 dBm 

NF 10 dB 10 dB 

S/N ratio 12 dB 12 dB 

Receiver sensitivity -101.9 dBm -91.9 dBm 

Received signal @ 10m  -75.3 dBm -75.3 dBm 

Margin at a range of 10 m 26.6 dB 16.6 dB 

Maximum range at a roll-off of 35 * log 

(d/10)  

57.5 m 28.7 m 

Assumed LP-AMI-P receiver parameters 

Notes: 

 The received signal at 10m assumes 3cm implant depth. 

 It should be noted that the maximum range for a conducted power of 10 dBm has been 

calculated based on the margin at 10m and a roll-off of 35 x log (d/10) beyond 10 m. 

  

More info on receiver can be drawn from ECC Report 149 section 4.4 and 5. 

Side note 

This paper is a good opportunity to remind that the TR 102 655 did not specify some other crucial 

parameters of LP-AMI-P that were necessary for compatibility studies, such as transmitter mask and 

associated Net Filter Discrimination figure. Throughout the usual interactive CEPT-ECC / ETSI 

cooperation an investigation was made with prime LP-AMI specialised components and final product 

manufacturers concluding that the study may assume the Net Filter Discrimination of 30 dB for 

adjacent band emissions of LP-AMI-P and LP-AMI-P transmitter mask as shown in Table 13. These 

assumed parameters should be now brought to the attention of ETSI for inclusion among minimum 

LP-AMI-P requirements in future harmonised standard for LP-AMI. 

4.2 Impact of the LTE Advanced on LP-CIS 

Terrestrial mobile services allocated in Band 7 (2500-2690 MHz) are being deployed in Europe and 

other regions. The impact of LTE Band 7 on the LP-CIS (Low Power Cochlear Implant Systems) victim 

receiver is considered cumbersome for the low-power CI stimulation link between the body-worn 

device and the cochlear implant device. The stimulation link is characterised by low latency with duty 

cycles of typical 10%.  Also other link scenarios such as the peripheral to the cochlear implant will 

suffer from receiver desensitisation by devices operating inside the LTE Band 7 in the vicinity. The 

LBT functionality would not be guaranteed in this case as the threshold level would become 

meaningless. 
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4.2.1 LTE Impact 

Various interference mitigation studies are ongoing on the impact of portable or mobile devices 

operating in the LTE in Band 7 towards victim SRD’s operating in the frequency band 2400MHz - 

2483.5MHz. Interference mitigation becomes worse for SRD’s operating in the frequency band 

2483.5MHz - 2500MHz. A typical implant receiver operating between 2483.5MHz - 2500MHz would 

have an out-of-band rejection of -35dBm. The LTE terminal operating at the lower FDD Band 7 uplink 

channel might desensitise or even block the victim implant receiver. This interference scenario 

becomes even worse knowing that LTE allows long TX-ON times and high RF power levels.  

More details on LTE impact on 2.4GHz SRD’s is to be found  in ‘3GPP TR 36.816 V11.2.0’ - 3rd 

Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved 

Universal Terrestrial Radio Access (E-UTRA);Study on signalling and procedure for interference 

avoidance for in-device coexistence (Release 11). The Primary frequency allocations in the band 

2500-2900 MHz are as follows (Figure 1): 

 

ECC/DEC/(05)05, on harmonised utilisation of spectrum for IMT-2000/UMTS systems operating 

within the band 2500-2690 MHz, contains the relevant frequency arrangement as follows (Figure 2): 
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4.2.2 Different scenarios 

Interference scenarios with CIS as victim 

Scenario 1: 

The peripheral to the cochlear implant scenario suffers from receiver desensitisation by devices 

operating inside the LTE Band 7 in the vicinity. The LBT functionality would not be guaranteed in this 

case (see the following figure).  

           LP-AMD-P    CI
1 to 3 meters

Link A

Victim receiver

Base 

Station

LTE uplink

2500-2570 MHz

 

 

Scenario 2: 

The impact of LTE Band 7 on the LP-CIS (Low Power Cochlear Implant Systems) victim receiver is 

considered cumbersome for the low-power CI stimulation link between the body-worn device and 

the cochlear implant device (see the following figure). 

Link B

Whisper

mode

LP-BWD    CI

Victim receiver

Base 

Station

LTE uplink

2500-2570 MHz
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4.3 CIC Out of Band Rejection Performance 

The antenna isolation and out-of-band rejection filter performance to attenuate or block the LTE 

signals from the cochlear implant device is crucial. Implant receiver desensitisation or blocking may 

occur when the LTE terminal is held at close distance to the implant  (see the following figure). 

 

Receiver
SAW/BAW 

Filter
MCL

Receiver 

blocking specs

Filter specs

Antenna

specs

 

An implant receiver operating between 2483.5MHz - 2500MHz would have an out-of-band rejection 

of typical -35dBm. A further calculation is done in next table with values guided from state-of-the-art 

building blocks shown Appendix A. 

 Value Units  Remarks 

LTE terminal EIRP 23 dBm A  

Antenna coupling (MCL) 20 dB B Worst case 

Skinflap/tissue penetration loss 15 dB C Applies only for implants, 

excl. for peripheral device 

SAW/BAW filter rejection 5 dB D Most optimistic possible 

over the 2483.5 – 2500 

MHz 

Out-of-band rejection -35 dBm E  

Incoming RX signal victim -17 dBm F = A-B-C-D  

Margin -18 dB G = E-F Negative margin! 

 

A dedicated CIS standard using the 2483.5-2500MHz band seems not viable due to the recent 

frequency spectrum allocation of the LTE Band 7 and its growing popularity. 
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4.4 EN301 559 Receiver Blocking Considerations 

Various receiver blocking levels have been suggested for inclusion in EN301 559 for the LP-AMI-P (i.e. 

the programmer part of the LP-AMI system). It is worth considering the necessity for the 

specification of this parameter, which may affect the correct function of the Listen Before Talk (LBT) 

requirement. This can occur under conditions both during EMC testing, and operation in the practical 

situation of physically close transmitters such as WiFi and mobile telephones operating in adjacent 

frequency bands. Further, it must be emphasised that because of the approximately 40dB 

attenuation seen by the LP-AMI (i.e. the implanted part of the system) as a result of body losses and 

low practical antenna gain, combined with the very low power requirements, the possibility of 

blocking is so minimal as to not require consideration in the case of LP-AMI. 

Blocking cases 

An important point from the viewpoint of compatibility is the use of LBT to avoid the LP-AMI-P 

transmitting at such time as it could cause interference to the other services. Obviously, this requires 

the receiver LBT sensitivity threshold, and desirably the receiver BER, to be maintained in the 

expected RF environments in which the equipment is expected to operate. 

There are two conceivable cases when this operation may be disrupted: 

A high power signal from a physically close interfering transmitter may drive the LP-AMI receiver’s RF 

amplifier and mixer (mixer understood to include digital sampler if any) into gain compression, 

leading to the measurement of the received signal power falling below the LBT threshold. 

      2.   The phase noise of the receiver’s oscillator may be such that the BER is degraded by   

            reciprocal mixing, leading degradation of the BER. Depending upon the architecture,  

            phase noise may or may not affect the level detection circuitry. 

The question arises as to what the expected RF environment is likely to be. ECC Report 149 suggests 

that an interference level of around -34 dBm may be expected, but does not take into account the 

high probability in a clinic of a WiFi installation with a 100 mW WiFi equipped laptop being within 1 

metre. 

From the standard equation :                 

E = (30P)/d 

Where P is the eirp, d is the distance in metres from the source and E is the field strength in V/m. 

From this, the field strength from a 100 mW eirp WiFi operating in the band 2400 to 2483.5 MHz will 

be 1.7 V/m at 1 m 

The voltage delivered to a matched load by a dipole is : 

V = E/2 

and from a 0 dBi gain antenna, the voltage becomes 25.3 mV, which in 50 ohms is a power of  

approximately -19dBm, and -21 dBm in 75 ohms. 
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It is therefore apparent that a 100 mW WiFi equipped laptop at 1 meter separation from the LP-AMI-

P while requiring the EN301 559 receiver LBT threshold to be maintained, necessitates minimal gain 

compression with an input signal at -20dBm.  

This may just be possible in a practical situation. An alternative approach could be to use a 

broadband detector such that upon detection of a signal at a level which causes gain compression, 

the LBT is arranged to show ‘channel busy’. 

Now consider the effects of phase noise. A typical value of Q in an L-C oscillator using surface 

mounted components is unlikely to exceed 50, and at 2.5 GHz, this means the noise floor will not be 

achieved within +/-50MHz. See Annex 1. Assume that the noise figure of the oscillator is 10dB (note 

that the effective noise figure is much higher as an oscillator than as an amplifier), the ultimate noise 

floor will be -164dBm/Hz, rising at 20dB/decade from -3dB point of the oscillator tank, which is 

defined as an offset f/Q: that means that at best, the oscillator noise will be of the order of -145 

dBm/Hz at a separation of 5 MHz. In the 1 MHz receiver bandwidth, this corresponds -85 dBm, and 

carrier to noise ratio (CNR) will depend on the   actual oscillator power, and the effects of noise on 

the tuning diode lines, buffer stage noise figures etc. Assuming an oscillator RF tank circuit power of -

3dBm (which is probably generous) it may be seen that the phase noise in a 1MHz bandwidth 5 MHz 

removed is about -82dBc at best. 

The LBT threshold is (-150 + 10log B) dBm where B is the bandwidth in Hertz. Thus for a 1 MHz 

bandwidth, the threshold will be -90dBm. In a practical case, the SNR for threshold detection of the 

LBT will be about 12 dB, thus setting the receiver noise floor at -102dBm. If the LBT threshold is 

allowed to degrade by 0.5dB, the noise caused by reciprocal mixing will have to be -112 dBm. With 

phase noise at -82dBc/MHz at 5 MHz offset, the maximum signal which could be separated by 5 MHz 

and degrade the LBT by 0.5dB is therefore -30dBm. This will reduce in level by 6 dB/octave frequency 

offset decrease. Similar CNR are needed for obtaining the required BER. 

It may be that the architecture of a receiver is such that reciprocal mixing does not affect the LBT 

detection threshold, but this cannot be guaranteed.  

In summary, it may be seen that the selectivity requirement is best formulated in terms of the LP-

AMI-P receiver offset frequency from the highest channel of a WiFi signal. 

LP-AMI-P Receiver testing. 

Because of the vagaries of indoor propagation, it is suggested that the interfering test signals be 

applied at levels somewhat below the worst case figures derived above.  

Proposal: 

1. Signals outside the LP-AMI band. 

The LBT threshold should be measured without an interfering signal, on the lowest frequency LP-AMI 

channel. A CW signal (chosen for simplicity) at 2475 MHz is then applied with power of -23 dBm, and 

the LBT threshold measured again; the degradation (averaged over several measurements) should 

not exceed [0.5] dB. 

2. Signals inside the LP-AMI band. 
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The LBT threshold should be measured without an interfering signal, on the centre channel 

frequency LP-AMI channel. A CW signal (chosen for simplicity) at an offset of 5 MHz from that 

channel centre frequency is then applied at a power level of -36 dBm, and the LBT threshold 

measured again; the degradation (averaged over several measurements) should not exceed [0.5] dB. 

Where integral antenna equipments are being tested, the level of interferer in the test of signals 

outside the LP-AMI band should be 1 V/m, and within the LP-AMI band, should be 220mV/m. 

5 Achievements 

The long procedure for the draft CEPT ECC Report and the associated actual draft revised EU 

Commission Decision on SRDs  has been finalized. The CEPT ECC SRD-MG at its last week August 

2012 meeting fully adopted both final drafts where all necessary explanatory texts and the new 

2.5GHz LP-AMI entry successfully passed. 2.5GHz LP-AMI concluded its regulatory and 

standardisation project on November 2013.  

 

5.1 Emerging Spectrum @ 2.5GHz  Sharing Issue with LP-AMI 

As already preliminarily reported Sorin carefully monitored within the last 12 months some new 

wireless medical applications that wish to use the same 2483,5 – 2500,0 MHz band being successfully 

designated for LP-AMI. These new entrants are as follows. 

 Cochlear implant system 

 Medical Body Area network 

 

Both systems are (potentially) falling within the same LP-AMI regulatory Short Range Devices 

framework rules. This in particular means that all of them have to cohabitate sharing the same 

spectrum without interference. 

The present status of the sharing compatibility studies for both uses is the following. 

5.2 Medical Body Area Network 

The ETSI System Reference Document that describes the system was published last year and passed 

to CEPT ECC for the necessary sharing compatibility studies that are currently underway within the 

specialist ECC Project Team SE24. 

During SE24, 27-29 August meeting an interim not finished yet draft Report was presented and 

discussed in detail. The following topics have been raised: 

-There are also some arguable points as below: 

- In first paragraph of 6.1.2 it says "device provide a strong indication that MBANSs do not cause 

harmful levels of interference to LP-AMI. This is valid for usage on different users (patients)." 

However if one looks at the table above, one column shows 7.9% interference risk for 1 m distance, 

so it is not strong indication of no interference. In that regard SORIN argued, that a better scenario 

would be not to make the separation distances fixed, but rather allow SEAMCAT to variate the 

distances within the limits of the same room/adjacent rooms, which would perhaps give a better 

picture of "time distributed" interference potential; 
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- in 6.1.2 the case of MBAN and LP-AMI placed on the same patient is considered. For this essentially 

static affix of two devices on the same patient, it is rather strange to see SEAMCAT used. In this case 

the MCL method would be more logical. The same would apply to the other interference direction 

considered in 6.1.5; 

- 6.1.3 promises to study case similar to 6.1.1 but with higher MBAN power!!, but does not provide 

results, it is guessed that MBAN would produce higher interference risk than 7.9% mentioned 

above!! 

Since a 5% interference risk is usually considered acceptable, it appears that 7.9% is becoming critical 

and much more may be expected with MBAN “home telemedicine” higher power. 

Sorin made clear additional statements requesting that worst case scenarios should be completed as 

necessary. Interference scenarios would be better if MBANSs uses AFA. Once the study is 

stable/more conclusive, the effects on undesired effects during wake-up of LP-AMI implant receiver 

(i.e. in terms of battery lifetime decrease) will need to be considered. As a result, mechanisms for 

mutual detection might be considered in the future if necessary. 

CONCLUSION: risks are not negligible for LP-AMI at this stage. Monitoring care and analysis are 

necessary to secure LP-AMI safe operations.   

5.3 Cochlear Implant System 

The ETSI System Reference Document that describes the system is currently under production in 

view to pass it to CEPT ECC for the necessary sharing compatibility studies. 

During the recent ETSI ERM TG30#35 (17-18 Sep.2012) meeting Sorin made some interventions 

based on his analysis of the current draft SRdoc. 

Sorin made a number of change texts request to avoid misleading language. 

The draft SRdoc outcome of TG30#35 meeting will be passed to Nov.2012 TC ERM meeting for 

adoption to undergo an internal 4 weeks ETSI mini-enquiry before approval for publication. 

It is a quite solid Consultant’s opinion that Cochlear implant system might represent a higher 

interference risk vs. LP-AMI than the MBAN case. This according the provided information by the 

latest draft SRdoc at least. 

CONCLUSION: risks are not negligible for LP-AMI at this stage. Monitoring care and analysis 

throughout the expected spectrum sharing compatibility studies are necessary to secure LP-AMI safe 

operations.  
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6 Discussions on LP-AMI MBANS Coexistence  

ETSI ERMTG30(13)037bis 

Task Group 30 Wireless Medical Devices, Meeting 37bis, Sophia Antipolis May 2-3, 2013. 

Coexistence issues between MBANS and LP-AMI, both operating in the 2483.5-2500 MHz band, were 

identified as part of the SE24 compatibility study (WI 40). 

Philips Healthcare (as MBANS proponent) initiated discussions with the key LP-AMI stakeholder 

companies Medtronics and Sorin and invited them in March 2013 to start expert discussions to 

develop solutions to the coexistence problems. 

A Philips – Medtronics meeting was held on 12 March at which information was exchanged on more 

general system aspects. The US participants from Medtronics proposed Philips to continue efforts for 

MBANS regulation in the 2360-2400 MHz band, however Philips indicated that there is no realistic 

opportunity anymore given the recent decision of WG FM. No further conclusions were reached at 

this meeting. 

On 15 March, a one day Philips – Sorin physical meeting was held at which the analysis submitted 

earlier by Sorin to TG30#36bis meeting was considered in depth. Upon suggestion by Sorin, it was 

agreed to develop a band segmentation based mechanism further. 

Based on this, Philips developed and made a proposal to Sorin which was discussed at a web meeting 

on 27 March. As a result of this web meeting, the proposal was updated on 9 April, containing the 

following aspects: 

a. Restrict MBANS operations to a sub-band, allowing LP-AMI to operate in the whole 2483.5-

2500 MHz band. 

b. Define an “exclusive sub-band” for LP-AMI 

c. Share the sub-band (for MBANS operation) in which both LP-AMI and MBANS are to be used 

and apply LBT+AFA 

d. LP-AMI will first try to access its “exclusive” sub-band. If the channels in the exclusive band 

cannot be used, than LP-AMI will use the shared sub-band. 

 

Philips has received a response from Sorin (on 15 April) indicating that the ‘exclusive’ sub-band for 

LP-AMI should be in the middle of the 16.5 MHz band to avoid interference risks with LTE and the 

users of the ISM band. Sorin also advised on concrete values for LBT+AFA parameters like “sensing 

level” and “detection periods”. Sorin also indicated that in the exclusive band the unnecessary 

implant wake-up would not occur. 

In Philips’ view, a frequency segmentation model with an ’exclusive’ LP-AMI sub-band in the middle 

of the available band is unpractical and inefficient. 

Philips experts are currently developing a more detailed model on LBT+AFA use in MBANS that will 

be discussed with Sorin and that will possibly be submitted for consideration to the coming 

TG30#37bis meeting on 2-3 May. 
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Solutions by Philips4,  ERMTG30(13)038012, Background :  

In previous TG30 meetings the coexistence of LP-AMI and MBANS in the 2483.5-2500 MHz frequency 

band has been initially discussed. Bilateral meetings between experts on LP-AMI and MBANS have 

also taken place in parallel. In such discussions two aspects have been identified with regard to the 

effect of MBANS on LP-AMI: the interference of the communication link and the reduction of implant 

battery life. 

Documents ERMTG30(13)036b002r1, ERMTG30(13)036b003, and ERMTG30(13)037010 from Sorin 

and Microsemi contain detailed information about the LP-AMI system as well as considerations and 

conclusions regarding coexistence with MBANS and the requirements that MBANS should meet. 

Special attention is given to the LBT threshold level that MBANS equipment (performing LBT) should 

be capable of using. In documents ERMTG30(13)036b003 and ERMTG30(13)037010 LP-AMI 

proponents conclude that MBANS equipment must have a LBT threshold level of -102 dBm in order 

to coexist with LP-AMI. 

In a contribution to SRD/MG (document SRDMG(13)051) LP-AMI proponents—more specifically 

Sorin, Medtronic, and Microsemi—also consider the matter of MBANS/LP-AMI coexistence. In the 

document, it is recommended that MBANS use LBT+AFA, an LBT threshold of -90 dBm (same as in LP-

AMI equipment), an LBT listening time between 2 and 15 ms. 

In an even more recent contribution to the meeting ERMTG30#37bis, document 

ERMTG30(13)37b010, some of the aforementioned recommendations (or requirements) are 

reiterated; more specifically the LBT threshold level of -90dBm. The first point is sustained by means 

of a single-scenario SEAMCAT simulation. 

In yet another ERMTG30#37bis contribution, document ERMTG30(13)37b006a1 proposed exclusive 

wake up channels to avoid unnecessary wake-ups by some LP-AMI implants. It is proposed that for 

wake-up, 3 separate channels of 1 MHz in the middle of the band be reserved exclusively for wake up 

of all users of the 2483.5-2500 MHz band. The duty cycle for wake up should be very low, e.g. 0.03%. 

COMMENT: This would lead to 1.08 sec. What is the link with the maximum transmission time of 

100 ms. What is the reason for this D.C.? Is it intended to use these channels for some beacon 

transmission? 

Philips appreciated the involvement and contributions of ERM TG30 and LP-AMI proponents in 

finding solutions to enable the sharing of the 2483.5-2500 MHz frequency band by LP-AMI and 

MBANS. Philips’ current views and proposals are presented in ERM TG30 discussion. 

                                                           
4 ERMTG30#38, 2013-06-19, Ruud van Bokhorst, Javier Espina, Philips International B.V., LP-AMI / 

Discussions on MBANS coexistence solutions 
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6.1 Considerations towards Solutions to Achieve MBANS/LP-AMI 

Coexistence 

6.1.1 Interference of the Communication Link 

After the consideration of the LP-AMI standard (ETSI EN 301 559 v1.1.2) and documents 

ERMTG30(13)036b002r1, ERMTG30(13)036b003, ERMTG30(13)037010, SRDMG(13)051, 

ERMTG30(13)37b010 and ERMTG30(13)37b006a1—followed by an initial assessment of 

opportunities and possibilities for future MBANS equipment—it is possible to preliminary sketch an 

LBT-AFA scheme for MBANS. Such scheme is to be further specified in the future ETSI Standard on 

MBANS. 

The preliminary scheme is based on maximizing the similarity to the LBT+AFA scheme set forth in 

ETSI EN 301 559 v1.1.2, as LP-AMI proponents have suggested. 

The following concepts and parameters are preliminarily proposed to be the same as in ETSI EN 301 

559 v1.1.2: 

COMMENT: it should be noted that the provisions established in the EN were derived on the basis 

of assumptions of sharing between the same applications. And therefore they could not be taken 

for granted also to apply to the case of sharing between different applications. With this caveat in 

mind some further comments are provided below. 

 EUT (MBANS) should implement an LBT+AFA mechanism to operate in the 2483.5-2500 MHz 

band. 

 Two channel selection options: (1) LBT threshold based. (2) In case of congestion in the 

frequency range, least interfered channel. COMMENT: the second option seems to imply that in 

this manner the MBANS would be trying “to get over the noise of LP-AMI transmissions”, which 

completely contradicts the principle of “detect-and-avoid” operation, in this case established 

through the LBT mechanism; 

 LBT threshold level ≤ -140 + 10*log(B) dBm, where B is the monitoring system bandwidth in Hz. 5 
6 

o Additional restriction: If B > 106 Hz, LBT threshold level ≤ -80 dBm 

COMMENT: note that the SEAMCAT simulations that were used to establish the minimum LBT 

threshold requirement of -90 dBm (as described in Doc. ERMTG30(13)37b010, and attached therein 

SEAMCAT scenario file), already modelled MBANS with 0 dBm TX power. Therefore relaxation of 

this threshold as suggested in footnote 1 does not appear validated by simulations of MBANS to 

LP-AMI interference. 

 Monitoring system (LBT) bandwidth: The EUT measures the power in a bandwidth that is equal 

to or greater than the emission bandwidth of an MBANS system. 

                                                           
5 An LBT threshold of -140 dBm/Hz (-80 dBm/MHz) is consistent with the limit of -150 dBm/Hz (-90dBm/MHz) after 10 dB 

adjustment due to 0 dBm MBANS TX power limit. This adjustment and limits are specified in ETSI EN 301 559 v1.1.2, 
Clause 10.3.5. 

6 Annex 1 analyses the effect of the proposed LBT threshold on the LBT performance. This is done for both directions of the LP-
AMI / LP-AMI-P communication and both dependent of the distance between the LP-AMI victim and  the MBANS 
transmitter performing LBT. Satisfactory LBT performance can be expected with the proposed LBT threshold levels.  
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 Pre-scanned alternative channel: One alternative channel can be selected and stored COMMENT: 

this seems to contradict the following provisions 

 When to do channel scan: Before establishing any communication session (e.g. after initialization 

of the MBANS network) a full channel scan is carried out 

o Once a communication session is established, it may continue as long as the silent period 

in two-way communication between co-operating devices does not exceed 5 seconds 

COMMENT: is this reasonable for the case of different applications? 

 Channel scan cycle (SC):  When the monitoring system updates the detected power levels in the 

2483.5 MHz to 2500 MHz band, it scans the entire band at a rate less than or equal to 5 seconds 

 Duration of channel monitoring period: 10 ms or longer. COMMENT: a channel occupancy 

scheme has to be written and agreed too. 

The following concepts and parameters are also preliminarily proposed to be defined in the ETSI 

MBANS standard. They are additional to those defined in ETSI EN 301 559v1.1.2: 

 Maximum transmission time: 100 ms. COMMENT: why 100 ms, i.e. why not 50 ms or 200 ms? Is 

it for the data packet or wake up scheme? if such time has to be specified, the silent period has 

to be specified … is it a TDMA system ? 

 When to do channel scan (additionally): Periodically, during a communication session, the 

current channel is scanned with period no longer than 4 minutes COMMENT: Why 4 mins? If 

such a scan indicates interference, a full channel scan is carried out in the entire 2483.5 MHz to 

2500 MHz band. COMMENT: To do so by an intelligent manner, we probably need to have two 

IF section and use the first one to provide a full surveillance of the media in real time. 

6.1.2 Reduction of Implant Battery Life 

To mitigate the potential reduction of implant battery life due to false wake-up, Philips supports the 

already proposed definition of a sub-band for wake-up handshake protocols by LP-AMI, MBANS or 

any possible future SRDs operating in the band.  

The following higher level requirements apply: 

 Since wake up methods are already defined in both in-band (inside the 2483.5-2500 MHz band) 

and out-band (inside the 2400-2483.5 MHz band), the need for both or the choice for one of 

these methods needs to be considered and decided. 

 In case in-band is applied 

o a sub-band exclusively for wake-up is defined  

o such a sub-band is 300 kHz wide, offering place for 3 wake-up channels,100 kHz wide 

each COMMENT: on document ERMTG30(13)37b006a1 (SORIN) it was proposed 3 x 1 

MHz. Narrowing the channel bandwidth needs to be discussed. 

o the position of the sub-band in the 2483.5-2500 MHz band is chosen in such a way that 

an optimal channelization scheme for both MBAN and LP-AMI can be defined 

Further study is needed on the channelization aspects, including coordination with IEEE 802.15 

groups on the possible amendment of the 802.15.4 and 15.6 standards. 

Philips encourages that the concept of exclusive wake up sub-band (if finally chosen) be also 

incorporated in the ETSI LP-AMI standard. 
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6.1.3 Other Aspects  

MBANS indoor-only requirements are intended to be fulfilled by an appropriate ”stop transmission” 

mechanism similar to or based on what is designed for use in the USA to fulfil the FCC rules. Further 

work on adapting this effective method for the European situation is ongoing. 

7 Conclusion: achievements and future work 

The main achievements on the standardization of 2500 MHz Low Power – Active Medical Implant are 

listed below, with few standards entered into force and some at draft level: 

 EN 301 559 European Harmonized Standard for LP-AMI operating in the frequency 

range 2 483,5 MHz to 2 500 MHz. Status: successfully published June 2012. 

 EN 301 489-35 European Harmonized Electro Magnetic Compatibility (EMC) Standard: 

Specific requirements for Low Power Active Medical Implants (LP-AMI) operating in the 

2 483,5 MHz to 2 500 MHz band. Status: successfully passed the European Public Enquiry.  

 European Union binding regulation for Short Range Devices. 

The on-going revision of  EU Commission Decision 2011/829-EC (that amended the 

2006/771-EC) passed successfully through all steps till achieving the status of final draft that 

will be presented by the EU Commission at the EU Members’ States Radio Spectrum 

Committee’s 10-11 October 2013. The 2500 MHz LP-AMI has been successfully introduced in 

the new draft regulation. Assuming a successful October 2013 RSCOM positive agreement 

the EU Commission will promptly instigate a subsequent Members’ States written voting 

procedure. Enter into force in April 2014. 

 European Conference of Postal and Telecommunications Administrations (CEPT) 

reference regulation. 

Reference regulation means a non-binding regulation that could be implemented by each 

CEPT country member (i.e. 48 States including (among the others) Russia and all EU 

countries. The EU Commission brings those regulatory provisions within the periodical 

revision of its regulation for Short Range Devices (see above). This CEPT and EU arrangement 

creates a common market platform. The CEPT regulation, notably the Recommendation 70-

03, successfully incorporated the 2500 MHz LP-AMI rules on February 2012. 

The success series that brought LP-AMI from a challenging idea progressively to a real life, stimulated 

the appetite of other wireless medical applications seeking for the same frequency band. The most 

prominent other use candidate is the Medical Area Network Systems (see for description ETSI 

Technical Report TR 101 557 (2012-02). Sorin is still engaged to take care on securing safe spectrum 

between MBANs and LP-AMI. The major activities/deliverables are as follows. 

 ECC Report 201:  Compatibility study between MBANS operating in the 2483.5 – 2500 

MHz band and other systems in the same band or in adjacent bands. 

This deliverable made an extensive analysis of MBANs vs. radiocommunication services 

operating on the same frequency band. Also some studies were conducted in respect to LP-

AMI; other studies are currently under finalization within ETSI ERM Task Group 30. 
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 A draft CEPT regulation, notably the Recommendation 70-03, for MBANs has been done 

at ECC Frequency Management Working Group meeting (30th Sep. – 4th Oct. 2013) the 

approval should undergo the European Public Consultation. 

 EN 303 203 European Harmonized Standard for MBAN operating in the frequency range           

2 483,5 MHz to 2 500 MHz. 

Status: work item was launched. Drafting work started in Oct 2013. High care survey is 

required since the major proponent (i.e. Philips medical) is not focusing on the same 

applications. For example their proposals for the CEPT regulation, see above, didn’t specify 

the MBAN channel bandwidth, despite the fact that the spectrum compatibility studies were 

conducted by 3 MHz channel wide. Sorin successfully defeated this attempt at the ECC SRD-

MG in August 2013 meeting. 

 EN 301 489-xx European Harmonized Electro Magnetic Compatibility (EMC) Standard: 

Specific requirements for MBAN operating in the 2 483,5 MHz to 2 500 MHz band. 

Status: work item in progress. 

Similarly to the case of MBAN vs LP AMI safe spectrum above, another wireless medical candidate 

appeared on scene i.e. the acoustic Low Power Cochlear Implant Systems device (LP-CIS). A 

description of this medical wireless system is offered by the ETSI Technical Report TR 103 069 

(published July 2013). ECC SE24 spectrum sharing compatibility experts group hasn’t started the 

studies yet. However it is Sorin’s hard opinion that this application is even more pervasive than 

MBANs. High care analysis is therefore required within the coming soon expected spectrum sharing 

studies.    

 
 

 

 


