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Submitter Email: Kohno@ynu.ac.jp 
Type of Project: Amendment toof IEEE Standard 802.15.6-2012.
PAR Request Date: XX-March-XXXX  20 May 2021
PAR Approval Date: 
PAR Expiration Date:
Status: Unapproved PAR.Draft PAR for amendment of IEEE 802.15.6. 



1.1 Project Number: P802.15.6a
1.2 Type of Document: Amendment  Standard
1.3 Life Cycle: Full Use




2.1 Project Title: IEEE Standard for Local and Metropolitan Area Networks Part 15.6: Wireless Body Area Networks.
     Amendment: Dependable Human and Vehicle Body Area Networks.IEEE 802.15.6a Dependable Body Area Networks




3.1 Working Group:  Wireless Personal Area Network (WPANSpecialty Networks (WSN) Working Group (C/LM/WG802.15)
  Contact Information for Working Group Chair 
  Name: Patrick Kinney
Email Address: pat.kinney@kinneyconsultingllc.com
Phone: 847-960-3715
  Contact Information for Working Group Vice-Chair 
  Name: Rick Alvin
  Email Address: alvin@ieee.org
Phone: 


3.2 Sponsoring Society and Committee: IEEE Computer Society/LAN/MAN Standards Committee (C/LM)
  Contact Information for Sponsor Chair 
[bookmark: _Hlk70521590]  Name: Paul Nikolich
  Email Address: p.nikolich@ieee.org
Phone: 857.205.0050
  Contact Information for Working Group Vice-Chair 
  Name: James Gilb
  Email Address: gilb@ieee.org
  Contact Information for Standards Representative 
  Name: Paul Nikolich James Gilb
  Email Address: p.nikolich@ieee.org gilb@ieee.org
Phone: 858-229-4822




4.1 Type of Ballot: Individual
4.2 Expected Date of submission of Draft to the IEEE-SA for Initial Standards Association Sponsor Ballot: Dec-XXXXDecember 2022  
4.3 Projected Completion Date for Submittal to RevCom: Jan-XXXXDecember 2023 










5.1 Approximate number of participates to be actively involved in the development of this project: 10  12  
5.2 Scope: 
This amendment defines enhancements to Std. IEEE 802.15.6 Wireless Body Area Network to support enhanced dependability to human and vehicular body area networks (HBAN and VBAN). This new amendment defines enhanced dependability of std. IEEE 802.15.6 body area network(BAN) , that is to say Dependable BAN(DBAN), for medical stakeholders, healthcare medical manufactures, research institutions, automotive stakeholders, automotive manufacturers, and car electronic manufacturers.   
1. Enhancednetworks, satisfying and operating under strict regulationscompliance to standards and limits for electromagnetic compatibility and interferenceEMC/EMI. Enhanced dependability in case of multiple piconets coexisting, which includes intra-BAN interference and inter-piconets interference., 
1.1. Intra-BAN interference 
1.2. Inter-piconet interference between narrowband and wideband
1.3. Inter-piconet between same wideband  
For these interference immunity UWB PHY of std. IEEE 802.15.6-2012 to be updated.
2. Simpler and more reliable MAC protocol such as contention-free protocol or simplified hybrid contention-free and contention-access protocol of std. IEEE 802.15.6-2012 MAC to be implemented 
3. Sensing and feedback control loop delay with applicable support of IEEE 802.1 Time Sensitive Network.  
4. Introduction of ranging and localization or positioning capability
5. Overall enhancements to dependability against interference and contention in such critical use cases as overlaid same and/or different piconets and to ensure higher performance requirement of reliability, security, predictability, coexistence, efficiency for human body in medical healthcare use of human and vehicle body area networks.
			
Focus use cases: Multiple-BAN where user devices cross each other among BANs coverage range, multiple pico-networks, where narrowband and wideband devices cross each other within the same coverage range, interference management among BANs,    
Use cases of IEEE 802.15.6 BAN is primarily medical use and additionally non-medical uses. This amendment for enhanced dependability DBAN focuses automotive use for a vehicular body as well as primary medical use for a human body with common enhanced dependability.

5.3 Is the completion of this standard dependent upon the completion of another standard: No.
5.4 Purpose: This project supports enhancements to Std. IEEE 802.15.6-2012 Wireless Body Area Network providing dependability against interference and contention in such critical use cases as overlaid with the same and/or different piconets. This project focuses on amendment of PHY and MAC of std. IEEE 802.15.6 medical body area network(BAN) to enhance dependability against interference and contention in such critical use cases as overlaid same and/or different piconets and to ensure higher performance requirement of reliability, security, predictability, coexistence, efficiency for human body in medical healthcare use and vehicular body in automotive use in addition.Focus use cases: multiple-BANs, where user’s devices cross each other among different BANs within range. Multiple pico-networks, where narrowband and wideband devices cross each other within the same coverage range. Interference management among BANs. Use cases of the amendment are primarily medical use and additionally non-medical use. This amendment for enhanced dependability supports automotive use (vehicular body area network) with primary medical use for a human body and additionally non-medical use with common enhanced dependability.

5.5 Need for the Project:   Medical healthcare and automotive manufacturers have manifested interest on applications regarding UWB technologies beyond the current IEEE Std 802.15.6-2012 Wireless BAN with new capabilities and functionalities supporting vehicle area networks. The amendment enhances dependability for medical and automotive use cases such as remote medical healthcare monitoring and therapy to combat with Covid-19 pandemic and to support quality of life (QoL) in ageing population. The automotive industry manifested the need to enhance dependability of automotive sensing and controlling in autonomous vehicular driving and factory automation. Particularly use cases for dependability such as 
1) Coexistence of multiple BANs due to current IEEE Std 802.15.6-2012 is not dependable enough against contention and interference among overlaid BANs. 
2) Coexistence with other UWB-based standard implementations.
3) Coexistence with other piconets sharing the same frequency band.  
4) Feedback sensing and controlling loop dependability for remote sensing and diagnosis loop and a remote vehicle sensing and actuators with robotics controlling loop.                 
5) More flexible network topology. 
6) Capability of ranging and positioning.   
5.6 Medical healthcare and automotive equipment and manufacturers need BAN with enhanced dependability, that is, dependable BAN(DBAN)  beyond std. IEEE802.15.6-2012 BAN under dense coverage of multiple piconets overlaid and new capabilities and functionalities while keeping interoperability with or extension of std. IEEE802.15.6-2012 BAN. Need for the amendment of std. IEEE802.15.6-2012 to enhance dependability for medical and automotive uses increases drastically. In background, DBAN can apply for remote medical healthcare monitoring and therapy to combat with pandemic and to support quality of life (QoL) in population ageing in medical and pharmaceutical industry. In automotive industry, need to enhance dependability for automotive sensing and controlling in autonomous vehicular driving and factory automation. Particularly needs for dependability in critical use cases such as overlaid same and/or different piconet and new use case  such as 
5.7 In case of coexistence of multiple BANs
5.8 BAN std. IEEE802.15.6-2012 is not good enough dependable against contention and interference among overlaid BANs. The more BAN uses in dense area, the more contention and inference cause performance degradation. 
5.9 In case of coexistence with other radios
5.10 UWB PHY of BAN std. IEEE802.15.6-2012 is not good enough dependable to avoid performance degradation due to interference with coexisting other narrow band and UWB radio  networks in overlapped frequency band.
5.11 In case of feedback sensing and controlling loop
5.12 MAC of BAN std. IEEE802.15.6-2012 is not good enough efficient and stable for remote sensing and feedback controlling loop such as remote vital sensing and diagnosis loop and a remote vehicle and factory sensing and actuators and robotics controlling loop.
5.13                        In addition, new need for interoperability and functionality such as
5.14 Interoperability and transparency 
5.15 Interoperability with other radio networks, more flexible network topology,  and transparency with other standards such as ETSI SmartBAN
5.16 Capability of ranging and positioning 
5.17 Enhanced dependability for mobility of BAN in various environment needs ranging and tracking capability and for security of BAN needs location information.

5.18 Stakeholders for the Standard: The stakeholders include silicon vendors, manufacturers and users of telecom, medical, automotive, environmental, energy, and consumer electronics equipment and manufacturers and users of equipment involving the use of wireless sensor and control networks.










Intellectual Property
6.1.a. Is the Sponsor aware of any copyright permissions needed for this project? No.
6.1.b. Is the Sponsor aware of possible registration activity related to this project? No.




7.1 Are there other standards or projects with a similar scope? No.
7.2 Is it the intent to develop this document jointly with another organization? No.




8.1 Additional Explanatory Notes (Item Number and Explanation):

8.2 Scope: 
1) Criteria for DBAN:
[bookmark: _Hlk70602514]1) General requirements:
· [bookmark: _Hlk61979232][bookmark: _Hlk61979462]Number of sensors: up to 4096 and 256 per piconet for high and low data rate, respectively,
· Support for multiple piconets co-existence & interoperability: single, i.e. no overlaid and up to 3  piconets3 piconets for high and low data rate, respectively,
· Types of topologies: two pairs of star and single star pulse multiple hops for high and low data rate, respectively
· Data rate requirement: up to 12 kbps and 2 Mbps per sensor, for high and low data rate, respectively, 
· Aggregate data rate per piconet: 50 Mbps and 2 Mbps, for high and low data rate, respectively, 
· Latency:
 in normal operation mode; 10-20 msec,
 in critical operation mode; 5-10 msec.,
· [bookmark: _Hlk61980097][bookmark: _Hlk61980414]Association delay:  up to 30 msec and 60 msec for high and low data rate, respectively,
· Authentication and security delay: 50 msec and 100 msec for high and low data rate, respectively,
· [bookmark: _Hlk61980190]Delivery ratio requirement:  more than 99.9% and more than 99% for high and low data rate, respectively,
· Disconnection ratio (of time):   up to 0.01% and 2% for high and low data rate, respectively,
· Synchronization recovery time:  up to 10 msec for high data rate,
· [bookmark: _Hlk61981375]Coverage range: 10 cm and 50 cm for high and low data rate, respectively,
· Feedback loop response time: up to10 msec and 100 msec for high and low data rate, respectively,
· Handover capability:  N/A
· Ranging and positioning capability: Yes, accuracy dependent on each use case
· Data packet size: compatible for 802.15.6 for medical use and compatible for CAN and LIN for automotive use
· Fraction of MLME requests successfully delivered: more than 99.9 %
· Inter-piconet success rate; more than 99 %
· Jitter: up to 50 msec.  in regular case, 5 % outliers acceptable. 
· Permissible no. of overlaid piconets:
[bookmark: _Hlk61981590]-     Multiple BANs overlaid considering intra piconets interference and contention: 2 and 3 BANs for high and low data rate, respectively,
-    Different PANs overlaid considering inerinter piconets interference and contention: 2 and 3 piconets for high and low data rate, respectively,
· Channel model resilience:  Line of sight(LOS) and no line of sight(NLOS) for high and low data rate, respectively.
· Study how to include Time-Sensitive Networking (TSN) protocol of IEEE 802.1 into the MAC enhancements.  
· 

 Application-specific requirements:
· Data packet sizes (typical, maximum),
· Medical: (same as 802.15.6, in addition 802.11 compatible)
· Automotive: (10 bytes, 300 bytes),
· ~4 – 68 bytes for extended CAN frame format
· 5 – 11 bytes for LIN
· 8 – 264 bytes for FlexRay
· Compatibility with CAN and LIN buses for intra-vehicle communications,
· Factory line: (100 bytes, 1000 bytes)
· Feedback loop response time 
· Collision avoidance radar: 10 ms
· Factory line: less than 1 s
· Handover capability: seamless between piconets, factory line speed,
· Security considerations: Handover peers need to have trust relationship (in factory line). 
· Factory line: pre-shared key
· Vehicle: pre-shared key 
· Modular vehicles (trucks, trailers, etc.): key exchange 
· Factory line sensor lifetime: minimum 1 year, up to equipment lifetime,
· Batteries may be recharged/replaced once per month.
· Coverage range: optional scalability 
· Factory line: 20 m.
· Intra-vehicle: 20 m.
· Inside enclosed objects line engine compartment 2 m.
· Inter-vehicle:
· Modular vehicle: 30 m.
· Adjacent vehicles 100 m.



2) Environmental and channel modeling 
2.1) HBAN model 15.6 
2.2) VBAN model new 
2.3) EMC/EMI requirements
In the integration of Human-BAN with Vehicle-BAN, careful consideration of EMC and EMI should be considered. We have partnered with Japanese manufactures such as Nissan to study and test EMC/EMI vehicle environment effect on radio equipment, specifically UWB technologies on H-BAN radio equipment.  
Environmental and channel modeling (EMC/EMI) as a category 
EMC/EMI studies are categorized into four areas, conducted/radiated emissions and conducted/radiated susceptibility for on-board and off-board sources, with their specific compliance standards and limits affecting internal combustion engine vehicles, electrics vehicle and hybrid-electric vehicles. Namely, CISPR 25 v4, SAE J551/1, ECE R10 v5, Nissan NDS02.
3) Application of 802.1 TSN MAC Bridge concept to enhance dependability 
3.1) Dependable connectivity with contention avoidance in coexisting BANs and other piconets.
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