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Introduction

* |[EEE 802.15.4 Deterministic and synchronous multichannel extension (DSME)
— Medium access control (MAC) protocol defined in IEEE 802.15.4-2015

» Key features of DSME
— Assigns each data transmission to a guaranteed time slot (i.e., GTS) within repeating multi-superframes

— Continuously allocates the same time slot index without negotiation
v Efficient for managing periodic traffic

* Issues with DSME

— No definition for channel and slot index selection
v Many schemes have been proposed for the allocation of GTS




Introduction
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* Proposed scheme: Temporary Resource allocation (TRA)

— Key features

v'Determines the GTS allocation process based on traffic type

= Periodic traffic > Legacy GTS allocation/deallocation
= Event-driven traffic  Temporary resource allocation

-

Address static and inefficient GTS management in legacy DSME and existing studies.




IEEE 802.15.4 DSME overview

 |[EEE 802.15.4 DSME network

— Consists of Personal area network (PAN) coordinator, Coordinators, End nodes
— Nodes operate based on the multi-superframe structure

* Multi-superframe
— Repeated in a cyclic manner

— Consists of multiple superframes

« Superframe
— EB frame : Period during which the coordinator transmits the enhanced beacon (EB)

— Contention access period (CAP): Period for exchanging control packets using CSMA/CA

Coordinator

PAN
coordinator

— Contention free period (CFP): Period for data transmission without contention using GTS End node
EB frame
| (7 slots) 4 CFP CFP CFP
CA %
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I (8 slots) CAP CAP CAP
| Superframe |
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DSME multi-superframe structure
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IEEE 802.15.4 DSME overview

« DSME GTS allocation & deallocation

a) REQUEST, unicast b) RESPONSE, broadcast c) NOTIFY, broadcast

Payload: type (Allocation), direction, Payload: type (Allocation), direction, Payload: type (Allocation), direction,
preferred superframe ID, preferred slot ID, destination Address (Node A), channel offset, destination address (Node B), channel offset,
number of DSME-GTSs, priority, newly allocated DSME-GTS SAB sub block: newly allocated DSME-GTS SAB sub block
DSME-GTS SAB sub block: {00110000000000...} {00110000000000...}

{00001100101100...} - time slot - time slot

- time slot

—————
- ~

2) DSME GTS Response,
.~ Broadcast %

\ 3) DSME GTS S o
o Notify, Broadcast ~;7 "~

4
7

S~ -

1) DSME GTS Request 2) DSME GTS Response 3) DSME GTS Notify



IEEE 802.15.4 DSME overview

 GTS management structure
— Slot allocation bitmap (SAB)

— Tracks which time slots are used (1) or free (0) for each superframe and its 1-hop neighbors

— Allocation counter table (ACT)

— Data for each allocated GTS - includes superframe ID, slot ID, channel, direction (Tx/Rx), address, idle counter

3
\

CAP % - CAP - cee CAP %%

-

Superframe | Slot Channel ID Direction Source . | counter
ID ID | (Channel offset) /Destination
0 8 1 RX 0x0000 2
1100100 0101000 1100000 0 9 1 X Oxfffd 0
0 12 1 TX 3F9A7C 1

SAB ACT



Temporary resource allocation (TRA)

» Traffic type check

: . . o . . T ff t
— Determine whether traffic is periodic or event-driven ( rattic type

 Periodic traffic
— Legacy GTS allocation
— Deallocated if unused for 7 consecutive multi-superframes

Periodic

 Event-driven traffic
— Temporary GTS allocation oo -

Legacy GTS
allocation

I 1
! |
! |
! |
! |
| If GTS remains !
: unused for I
. |
! |
! |
! |
! |
! I

— Automatically released in the next multi-superframe

7 multi-superframes

Legacy GTS
deallocation

e - - ——

Enhance resource utilization by reducing the number of unused GTSs.

Event-
driven

_______________

Temporary
resource allocation

________________



Temporary resource allocation (TRA)

« Step 1. DSME GTS Request

— End node sends a DSME GTS Request command to its parent node (Coordinator).

° Coordinator O End node

O

DSME GTS
Request command

[ v | PayoadZ] F |

O

DSME GTS Request command content field format

O

DSME GTS Number Preferred Preferred Slot DSME SAB Allocation
Management of Slots Superframe ID Specification Order
Management Directi Prioritized Traffic Tvpe DSME SAB DSME SAB DSME SAB
Type IFéction  channel Access yp Sub-block Length Sub-block Index Sub-block
001 0 1 M 7 1 0101000
I_. 110: Periodic Traffic
111: Aperiodic Traffic
I MD
b SO —mM@M8M8M8M8M8M8
s, T 1
End Node 1 CAP CAP CAP
| |

Step 1

Update
SAB/ACT

—_— e —————

At

Update
SAB

(SAB — Temporary SAB Sub-blocks}

== — - —

he start point of next

Update
SAB

{SAB — Temporary SAB Sub-blocks}

1 T T T T T T TS

! Request |

I 1

: {Traffic flag, :

! Temporary SAB !

: sub-blocks} !

i Check traffic flag

1

1

FEEEEEEEEES T

| i Response

: : {Temporary SAB

: : sub-blocks}
1
| Update
| SAB
|

| Notify |

1 1

1 1

| |

| Update

| SAB/ACT

1

'IL-_____________-_____'.L

D

—---- 2 ---

Update
SAB

{SAB — Temporary SAB Sub-blocks}

Vo]

Update
SAB

{SAB — Temporary SAB Sub-blocks}



Temporary resource allocation (TRA)

« Step 2. DSME GTS Response

— The parent node (Coordinator) broadcasts the DSME GTS Response command
to all neighboring nodes, including End node 1. e mete mee

—_——— —: ——————————— o - ———— G e e e = - = h e e = e = -
1 1 1 1 1
: | ' Request ' 1
° Coordinator O End node 1 : i i :
1 1 1 {Traffic flag, 1 1
1 ! ! Temporary SAB ! 1
1 : : sub-blocks} ! 1

1 1 1
@ @ 1 i : Check traffic flag \
4-------- --------> I 1 1 1
[} 1 1 1
DSME GTS DSME GTS ;;-_-_-_::-_-_-_-_-_-_-_-_-_-_T_-_-_-_-_-_-_-_-_-_-_'IL-_-_-_-_-_-_-_-_-_-_-_-_-_ --------

Response command Response command : : | i Response Step 2
1 1 1
| H | Payload | F | | H | Payload | F | ! : : : {Temporary SAB 1
! 1 1 1 sub-blocks} !
S L ' | '
|
. ! | Update | Update 1
DSME GTSR n mman ntent field form | pda | p
SME GTS Response co and content field format ! : SAB/ACT : S !
DSME GTS Destination Channel DSME SAB | Allocation Bl | Superframe | Siot | Channel e Y Y !
Management Address Offset Specification Order Index ID ID Index P T T T Tttt o A Ak S AT
: i | | Notify i \
' ! i : i I
1 1 1 1 1
1 1 1 1

DSME SAB DSME SAB DSME SAB ) 1 ! ' ! :
Sub-block Length Sub-block Index Sub-block : Update : Update :

1 1
7 2 0111000 0010000 1 HIE ' LN :
1 1 1 1 1
I SSbstemp rT T _: ___________ -:L __________ .':h _____________________

> (Temporary
SAB sub-blocks)

{SAB — Temporary SAB Sub-blocks} {SAB — Temporary SAB Sub-blocks} {SAB — Temporary SAB Sub-blocks} {SAB — Temporary SAB Sub-blocks}

1
—_— e —————
1
1
1

1
! :
! 1
1
I MD - | . . !
b———— SO — | : i i | |
: At the start point of next MD :
1 : I I 1
1 | 1 ] i
1 1 @ 1 : ' ' ' |
H oo 1
Coordinator CAP - CAP CAP % |%:| : S . . i !
| SAB SAB SAB SAB :
1
1
1



Temporary resource allocation (TRA)

« Step 3. DSME GTS Notify

— End node broadcasts a DSME GTS Notify command to its neighboring nodes,
including the parent node (coordinator). e esle e fosls

[Ra—— —: ——————————— - ———— - - ———
1 1 1 1 1 1
: ! ! Request ' | :
° Coordinator O End node 1 : : i | 1
1 1 1 {Traffic flag, 1 1 1
1 ! ! Temporary SAB 1 1 7
1 : : sub-blocks} ! : 1
| 1 1 1
1 ! ! Check traffic flag ! :
I I I 1
DSME GTS DSME GTS ;;-_-_-_::-_-_-_-_-_-_-_-_-_-_T_-_-_-_-_-_-_-_-_-_-_'IL-_-_-_-_-_-_-_-_-_-_-_:-_-_-_-_-_-_-_-_-_:
. . 1
Notify command Notify command I | | . Response | I
1 | 1 ] 1 1
[ H T Payoadia F | [ | PayoadZ] F | ! : : | {TemporarySAB | !
! ' ' ' sub-blocks} ! !
S | 1 | 1 1 1
e L | .
. . ! Update I Update 1
DSME GTS Notify command content field format | P p
y | : SAB/ACT : SAB ;
DSME GTS Destination Channel DSME SAB o o o Y b _____X_________] !
Management Address Offset Specification ro T T T TTTTT A il
g pech : | | Notify | | Step 3
! i i | |
1 1 1 1 1 1
| 1 1 1 1
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1 1 1
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I MD 1 I I I i :
—— & ——— R | | | .
P77 : At the start point of next MD :
L | | | :
1 1 1 1 1 |
% %t I % : : : | : I
CAP CAP CAP ;
End Node 1 —i i T : Update Update Update Update 1
i SAB SAB SAB SAB !
1 {SAB — Temporary SAB Sub-blocks} {SAB — Temporary SAB Sub-blocks} {SAB — Temporary SAB Sub-blocks} {SAB — Temporary SAB Sub-blocks}l
i 1 1 1 1 1 !
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Temporary resource allocation (TRA)

» Step 4. DSME GTS Deallocation

— Each node updates its own SAB independently. Neighbor Child Parent
node node node

e —: ——————————— _—— = ———— - e e e e e ==
1 1 1 1
: | ' Request ' 1
1 1 ! 1 1
i : : {Traffic flag, : 1
1 ! ! Temporary SAB ! 1
1 : : sub-blocks} ! 1
1

1 i i Check traffic flag \
: 1 1 1
1 1 1
! | | i Response ]
: | i i !
i 1 1 1 {Temporary SAB 1
i : : : sub-blocks} !
1 1 1 :
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1 ! ' 1
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1 ) 1 1
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Performance evaluation

« Simulation settings and configuration

— Network configuration
— 1 PAN coordinator, 10-80 transmitter/receiver node pairs

v Each node forms a transmission pair with a peer to exchange data

— Nodes are randomly distributed withina 15 m x 15 m area

— Communication

— Traffic pattern of transmitter nodes

range: 10 m

— 60% of nodes generate periodic traffic
— 40% generate event-driven traffic

v’ Aperiodic traffic generation is controlled by probability: 20%, 40%, 60%, 80%

— Traffic settings

— Each transmitter node generates 1 packet per multi-superframe
— Each node has a queue that can hold up to 10 packets

CFP

CFP

CFP

CFP

CAP

CAP

CAP

CAP

Superframe

Multi-superframe

Multi-superframe structure in simulation

Beacon interval

th v ]

8] [95] =

° ®
®
o °
®
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o °
et PAN
®
®
® i °
°
° 'Y

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Example of network deployment with 20 nodes
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Performance evaluation

« Average queueing delay
— Average time each packet waits in the queue
— Frequent GTS deallocations allow more nodes to obtain GTS allocation opportunities

Average queueing delay (s)
M Lo f= n o | oo

-l

]

—8—F=02
: P=04

—hk—P=06
| —4—P=08
B 14052%
I shorter average queueing delay

than legacy DSME
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Conclusion

* Proposed a Temporary resource allocation (TRA) scheme for IEEE 802.15.4 DSME
— To solve the problem of inflexible and inefficient GTS usage under event-driven traffic conditions

 Limitations of existing studies
— Resource waste
— Limited adaptability to dynamic or unpredictable traffic patterns
— Degraded performance in hybrid (periodic + event-driven) traffic environments

» Key features

— Determines the GTS allocation process based on traffic type
v’ Periodic traffic - Legacy GTS allocation/deallocation
v Event-driven traffic > Temporary resource allocation

Requirements TRA Solution
Efficient GTS utilization Automatically released if unused after 1 interval
Support for event-driven traffic Temporary SAB-based allocation

Standards compatibility Fully compliant with IEEE 802.15.4 DSME structure

15
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