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Class of Dependable BAN Services

. QoS 1 Class: Highest Priority Level for Demand of Dependability
— 1.1 Car Internal M2M

QoS 1 class requirements

— latency : few ms to 15 ms (FA in critical)

— 1.3 Remote Diagnosis in Factory _ delivery ratio : 99.9% (car)

— 2.3 Professional Medicine

. — cycle time : 10ms (car)
— 3.2 Public Safety

* QoS 2 class requirements
. QoS 2 Class: Middle Priority Level for Demand of Dependability

— 1,2 Inter-vehicle M2M
— 2.2 Healthcare

— latency : 100 ms (BMI)
— delivery ratio : 99% (FA)

— 3.1 Life Line (Water/Gas/Electricity Supply) —  oycletime : 50ms (BMI)

— 4.1 Remote Diagnosis of Infra(bridge/bldg./train) * QoS 3 class requirements

— latency : 250 ms to 1s (FA in normal)
. QoS 3 Class: Low Priority Level for Demand of Dependability
— delivery ratio : 95% (BMI)

— cycletime: 1s (FA)

source: Ryuji Kohno, et al., “Draft Technical Requirement of IEEE802.15.6a for Amendment of 15.6 BAN with Enhanced Dependability”, 15-21-0493-01-006a
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IEEE 802.15.6-2012 can support QoS classes?

 |EEE 802.15.6-2012 BAN

star topology

* hub
* node
» size<64

— three access modes
* Beacon mode with beacon periods (superframes)
* Non-beacon mode with superframes

* Non-beacon mode without superframes
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Considerations on MAC for Dependable BAN

|t would be reasonable to focus only on
— ultra-wideband
— beacon mode
— as they are beneficial to achieving high dependability

* The superframe structure
— may also be simplified by reducing the types of access phases.

« |[EEE 802.15.6-2012 can support QoS classes?
— if not, which part needs to be modified or newly added?

source: Minsoo Kim, et al., “Considerations for MAC protocol in IEEE 802.15.6 BAN with Enhanced Dependability”, 15-22-0186-01-006a
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Beacon mode with beacon periods (superframes)

* hub may maintain | inactive superframes (beacon periods)
— after each active superframe (beacon period)

* hub may set to zero the length of any of these access phases
— exclusive access phase 1 (EAP1)
— random access phase 1 (RAP1)
— managed access phase (MAP)
— exclusive access phase 2 (EAP2)
— random access phase 2 (RAP2)
— another managed access phase (MAP)
— contention access phase (CAP)
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Managed Access Phase (MAP)

* hub arrange
— scheduled uplink allocation intervals
— scheduled downlink allocation intervals
— scheduled bilink allocation intervals

* hub provide
— unscheduled bilink allocation intervals; and improvise type-I,
— but not type-Il, immediate polled allocation intervals and posted allocation intervals starting in this MAP
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Beacon Frame — MAC header

Octets: 7 L FB 2
. - s -
Octetorde: ¥ R » ¢ LR » % LR
MAC
MAG | Frame FCS
Header
Body
.

Figure 8—MAC frame format

Octets: 1 1 1
Octet order: 0 > 0 > 0 -
Bits: 1 2 2 1 1 1 4
Recipient Sender BAN Bitorder ¥ B0 » ¥ b P YR T ¥ B T Tt Yo ™
Control ID ID ID Ack Trna T 1.
. BAN .
Protocol Ack Sccurity TK 3 X EAP Indicator Frame
. ; ecurity .
. Version Palicy Level Index /Rel I /'First Frame || Subtype
Figure 9—MAC Header format elay On Time
Bits: 2 1 1 8 3 1 4
Bitorder W habs » % g T ¢ 7 Tt o Pt o T Y m T Y ”
Sequence Fragment Non=final
Frame More .:;‘E;:srah:‘ﬂ;; Number Number Fragment/ Reserved
Type Data { Poll-Post | Next iCancel / Scale
/B2 . . :
Window / Coexjstence] /Inactive

Figure 10 —Frame Control format

Frame Type value
b5 b4

Frame Subtype value

Frame T‘r}]E name b3 b2 bl bo

Frame Subtvpe name

oo Management 0000 Beacon
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Beacon Frame — MAC frame body

Octets: 7 L FB 2
e B S
Octet order: -R LR "R
T wac
Hﬂ:c(l:;’ar | Frame | FCS
Body

Figure 8—MAC frame format

Octets: 5] 1 1 1 1 1
Octetorder ® 05 » ® 0 » © 0 » %4 ¢ "4 g P4t >
Beacon Allocation
Sender . RAPA RAP2 RAP2 Bits: 1 1 1 1 1 1
Address Period Slot End Start End Bitorderr ¥ b0 T ¥ b1 P ® pp P P Pt >
Length Length e
Slotted Type-l Typel I
Octets: 3 1 1 1 e e 2 1 1 CSMAICA Aloha Pollin Pollin Scheduled | Unscheduled
Octetorderr ¥ 03 » ® g P gyl gy ey Access Accons rocos N Access | Access
- I " B B | —gr—ar—a—
MAC | PHY RAP1 gﬁﬁ;;‘; ;’232;‘3 e Inactive  § Bits. 4 ] ’ 1 ; ;
Capability Capability Start Sequence State Hop Duration E Bit order: - 5 L b7 > B0 > b1 L b2 > %) >
LY} — LTy . Ty snsaneh - Node A'Ways
; _ Fragmentation] Command Active Guard Time L-Ack
Figure 14 —Frame Payload format for Beacon frames /Reassembly| Frames / Hub Clock | Provisioning ! BoAnk G-Ack
o PPM
Bits: 1 1 1 1 4 4
Bitorderr ¥ b4 » ¥ p5 P 4 g P Py Pt >
Relaying Relayed Beacon Channel Data Reserved
Node Hub / Node Shifting Hopping Subtypes

Figure 42—MAC Capability format
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Configure 802.15.6-2012 Superframe
for supporting classes

- configuration of superframe ¢ requirements on deterministic scheduled access

_ class 1 — class 1
. « up and down transmission every 10 ms with 99.9%
« cycle time : 10ms o
possibility
* latency : few ms to 15 ms » accumulated transmitting and receiving latency at hub
— class 2 PHY/MAC and node PHY/MAC < 10 ms
» cycle time : 50ms — class 2
+ latency : 100 ms * up ar_1d_ _down transmission every 50 ms with 99%
possibility
— Class 3 « accumulated transmitting and receiving latency < 50 ms
* cycle time : 1s — class 3
* latency : 250 ms  up and down transmission every 1 s with 95% possibility
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Superframe for deterministic scheduled access

« configure superframe for supporting deterministic scheduled access

— allocate scheduled access only
* use MAP

» set to zero the length of
— EAP1, RAP1, EAP2, RAP2, CAP

— configure MAP for supporting deterministic scheduled access

» allocate resources for hub-node connection
— scheduled uplink
— scheduled down link |

o L |

— 1-periodic allocation

.. . Deacon period (zuparframe) n
— m-periodic allocations

. scheduling links Lr EAP1 :|: RAP1 ,|1 MAP ;|:EP-P2:|: RAP2 .|_ MAP —I |1 CAP '| >l

scheduled uplink scheduled downlink

| B R ) Rl

A 4
A

| < l »

aIIothlon interval for node i heacon period aIIothlon interval for node i

Submission Slide 11 ETRI



July 2022

doc.: IEEE 802.15-22-0354-01-6ma

Emulate scheduled superframe for class 1 service

« UWB PHY on-off modulation
— data rate 0 : 487 Kbps

e class 1

— up and down transmission every 10ms with
99.9% possibility
» beacon period length should be less than equal

to 10ms

« allocation slot length should be enough to

transmit a frame

Beacon period (superframe) n

Beacon period (superframe) n+1

Allocation Slot Length

— pAllocationSlotMin + L X pAllocationSlotResolution
* pAllocationSlotMin, pAllocationSlotResolution = 16us

* L=0-> 16us

* L=255-4,096us

Beacon Period Length
— B x Allocation Slot Length

- B=0(256)

e B=1-> 16us,

..., 4,096us

« B=256 -2 4,09%us, ...., 1,048,576us

Beacon period (superframe) n+2

T

PR Y I P

Allacation
interval

ol sl 2l ;1 T 1

LA offset from current allocation slot start
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Emulate scheduled superframe for class 1 service - continued

« for supporting class 1

— iIf one interval allocated in a superframe * case
— Beacon Period Length =< 10ms — 5nodesinaBAN
- configuration of superframe — length of allocation interval for a node to transmit

— beacon period length = (number of allocation slots in data to up and down = 2ms

superframe x allocation slot length) »  allocation slot length < 10ms/(5*2)
— the number of allocation slots in a superframe is
determined by — configuration of superframe
» the size of BAN : number of nodes joined * L =62 - allocation slot length = 1.008ms
» length of allocation interval for a node *+ B =10 - beacon period length = 10.08ms

— to support 10ms beacon period

* 10ms/allocation slot length > number of nodes x length of
allocation interval for a node

scheduled uplink scheduled downlink

v
A

|A Ll |A Ll
l » < >

aIIocJtion interval 1jor node i . aIIochtion interval I]or node i
beacon period
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Emulate scheduled superframe for class 2 service

 for supporting class 2
— cycle time should be less than equal to 50ms
— Beacon Period Length =< 50ms

« configuration of superframe
— 5 nodes in a BAN

— length of allocation interval for a node to transmit data to up and down is 2 ms
+ allocation slot length < 50ms/(5*2) 2 max. 5 ms

— configuration of superframe
« L =62 - allocation slot length = 1.008ms, B =50 - beacon period length = 50.4ms
« L =187 - allocation slot length = 3.008ms, B = 17 - beacon period length = 51.1ms
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Allocation Request

* node shall send a Connection Request frame to the hub

— Uplink Request IE if scheduled uplink allocations are needed

— Downlink Request IE if scheduled downlink allocations are needed

— Bilink Request IE if scheduled bilink allocations are needed

* In these IEs, the Minimum Length and Allocation Length fields

Octets!

1

1

6

Octetorder ® 0 > 4 >4 g &> <4 x»
£ T

Element Length || Allocation J E Allocation E

1D (= BN) I Request ! Request |

: !

Figure 47 —Uplink Request, Downlink Request, Bilink Request, or

Bits: 4 3 1 8 8
Bitorde: “® 5055 ™ * oies T4 5 T 4o T Y wm >
Frame User Reserved : .
Subtype Priority Maximum Minimum
i Gap Gap
Allocation ID
Bits: 8 8 4 4
Bitorder ¥ 0067 » ¥ o0b7 © Y 003 T S odor
Minimum Allocation |l Scaling Scaling
Length Length |I Down Up
. Factor Factor

Figure 48 —Allocation Request format
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Allocation Grant

* hub shall send a Connection Assignment frame to the node,
Including the following
— Uplink Assignment IE if scheduled uplink allocations are granted
— Downlink Assignment IE if scheduled downlink allocations are granted
— Bilink Assignment IE if scheduled bilink allocations are granted.

. Bits: 4 3 1 8 8
Octets: 1 1 3 3 - 553 o 55 - 57 - b0-b7 | b0-b7

 order >
Octetorder o » 475 Pt g & x> Bit order:

. e : E Frame User Reserved Interval Interval |
Element Length Allocation |___ : Allocation i Subtype: Priority Start End
1D (=3J) Assignment || ¢ Assignment i Allacation 1D |
: :

Figure 51 —Uplink Assignment, Downlink Assignment, Bilink Assignment, Figure 52—Allocation Assignment format
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Constraints on Superframe Configuration

« configuration of superframe

— the maximum number of allocation slot is 256
— the shortest allocation slot length is 16us

— the longest allocation slot length is 4,096us

— the longest beacon period length is 1,048,576us

* number of allocation slots is determined by

— beacon period length and the length of allocation interval for a node
* beacon period length depends on the service class

» number of node served in a BAN is calculated with
— beacon period length/length of allocation interval for a node

— inclass 1 BAN, number of nodes served in a BAN may be small
 if beacon period length = 10ms. length of allocation interval = 1ms, then nodes in BAN = 10

« when beacon period is interfered by coexisting BANs
— cyclic transmission of frame can not be guaranteed
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Summary

 |EEE 802.15.6-2012 can support dependable BAN service
classes?

— Yes, it's possible to configure superframe for service classes

« number of node served in a BAN may be limited
— according to the cycle time and length of allocation interval for a node

— But, cyclic transmission of frame can not be guaranteed
* if beacon period is interfered by coexisting BANs

* Interference avoidance in coexisting dependable BANs is
required
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