ovis|®

Open Metering System
Specification Vol.2 Annex Q

OMS LPWAN

Annex Q to
Volume 2 Primary Communication
Issue 5.0.1

RELEASE A (2023-12)

© Open Metering System Group e.V., 2023



Open Metering System Specification Vol. 2 — Annex Q
RELEASE A (2023-12)

Document History

ovMsS|°

Version |Date Comment Editor
A0.0.1 2022-01-27 Initial template Achim Reissinger
A0.0.2 First initial draft AG1 Subgroup Action Item #118-2
A0.0.3 Updates in clause 1 AG1 Subgroup Action Item #118-2
Insert layer structure in clauses
A0.04 Update of specification AG1 Subgroup Action Item #118-2
A0.0.5 Update of specification including frequency plan | AG1 Subgroup Action ltem #118-2
and Payload-CRC
A0.0.6 Start Integration of Splitting Mode AG1 Subgroup Action Item #118-2
A0.0.7 Apply new document structure AG1 Subgroup Action Item #118-2
A0.0.8 Burst mode updated including added AG1 Subgroup Action Item #118-2
introduction.
A0.0.9 Added Transmission and Reception parameters | AG1 Subgroup Action ltem #118-2
for Splitting Mode,
timing tolerances and appendix B/C/D
A0.1.0 Burst mode specification updated AG1 Subgroup Action Item #118-2
Modulation updated to GMSK
Modulation detailed with symbol mapping
Interleaving specified
AO0.11 Splitting mode specification update, AG1 Subgroup Action ltem #118-2
adapt tolerances, add sub-mode M1-S3
Update chapter 1
A0.1.2 Various changes during subgroup review AG1 Subgroup Action Item #118-2
A0.1.3 Various changes during subgroup review AG1 Subgroup Action Item #118-2
A0.1.4 |2022-12-03 |Updated version to be reviewed by AG1 AG1 Subgroup Action ltem #118-2
Conversion to OMS-S2, Annex Q Achim Reissinger
and Editorial improvements, e.g. headlines and
tables
2022-12-05 | “OMS Group confidential document” marking Uwe Pahl
Version numbers changed
Document properties updated
A0.15 |2022-12-06 Headline formatting corrected AG1 Subgroup Action Item #118-2
to Update of glossary of terms
2023-02-10 Update according to the AG1 comments
A.0.1.6 2023-02-13 Headline formatting corrected Achim Reissinger
to Editorial corrections Uwe Pahl
2023-02-22
A0.1.7 |2023-02-28 |Tab.Q.2 Uwe Pahl
to Adapt Splitting Mode timing to MAC layer Thomas Blank
2023-06-21 | Adapt Burst Mode timing to MAC layer Flemming Hald
Add MAC and LLC MAC layer subgroup
A0.2.0 2023-06-22 Solving remaining sub-group comments. MAC layer subgroup
to Modifications based on AG1-feedback. PHY+MAC layer subgroup
2023-07-21
A1.0.0 2023-07-25 Editorial improvements Achim Reissinger
Release candidate
A1.0.1 |2023-11-06 Implementation of enquiry comments. PHY+MAC layer subgroup
Ready for release.
to Final editing Achim Reissinger
2023-11-25 Release
OMS GROUP 2/173




10

15

20

25

30

35

Open Metering System Specification Vol. 2 — Annex Q

RELEASE A (2023-12)
Content
DOCUMENT HISTOIY ... eeeiiiiee ettt ettt e et e e et et e e sk e e e e e s st bt e e e aabbe e e e anbbe e e e anbbeeeeanbneeeean 2
170 ] 011 o | AT P TP PPPPPPPPPTP 3
LI 0 OO PO PP PP TP PP PPPPPON 7
[0 U =2 PSP U PP PUPPPOPI 11
Q.1 INITOAUCTION . 13
Q.11 [ (=] - Lo = P 13
Q.1.2 GENEIAL ..o 13
Q.1.3 (€1 [0 TIT= VA o =T 1 1 11 SRR 16
Q.2 PhysiCal Layer (PHY) ..o ————— 20
Q.21 L@ Y= V1= PP 20
Q.2.2 Channel PrOPEITIES ....cocveieeeiee e 20
Q.23 Physical LINK PArGmMELEIS .......ouiiiiiiiiiei ettt et st e e e e e 21
Q.24 Technology — Burst Mode (UL-B / DL-B)......ouiiiiiiiiiii e 21
L@ 22 5 R [ o1 o o (U] 1T o I SRR PRSPRR 21
Q.2.4.2  TranSMItter ParamMeErS .......cuiiiiiiiiiiiieie e e i etieee et e e e s s r e e e e e s st ea e e e e s snntnneeeeaeeseannn 23
Q.2.4.3  Structure and SYNCAIONIZALION .......c.ocuuiiiiiiiie e 25
Q.2.4.4  COUBA PAYIOAM .....cooiiiiieeiiiiie ettt e et e b e 29
(O T S U Tox 1T R PREPPR 32
L@ T2 o T o 11 o [P P PP PR PP 36
Q.25 Technology — Splitting Mode (UL-S/ DL=S) ..cccooiiie e 44
L@ T2 T84 A 1 £ {0 Yo [T 1T o I PP 44
Q.2.5.2  TranSMItter ParameterS........ccoiviviiiiiiiiiiieeeeeee ettt ettt 47
Q.2.5.3 Structure and SYNCRroNIiZation ............c.coovviiiiiiiiiie e 49
(O R0 S o] (=] o | S SO PRORTPUPPPPPIN 52
(@ T2 S T8 - T 0 T 1o £ PP 55
L@ T2 5 T < T I T2 11 o TP 58
Q.2.5.7  SPIitting MOUE DELAIIS .....couviieeiiiiee et 61
Q.2.6 Combination of TEChNOIOGIES ........ccoiiiiiiiiiiiie e 72
L@ 22 200 R 1011 o o (1T 1T o PSSR 72
L@ T G T 1 111 o [ PR PPR TP 72
Q.2.6.3 Burst Mode Uplink with Splitting Mode DOwWNlinK ............ccccoeiiiiiiini e 72
Q.2.6.4 Splitting Mode Uplink with Burst Mode DOWNIINK ..........ccoociiiiiiiieeiiie e 73
Q.3  Medium Access CoNntrol 1aYEr (MAC) ......ooo ittt e e e 74
Q.31 10T [T 1o ) o S 74
Q.3.2 OS] £ 10 (o] 11 = S UPPPTTT 75
(O TS 2 I © 1V =T AV 1= PP 75

OMS GROUP 3/173



5

10

15

20

25

30

35

Open Metering System Specification Vol. 2 — Annex Q

RELEASE A (2023-12)
Q.3.2.2  MAC HEAEN .....eeeeieie ettt
Q.3.2.3  MAC BOAY ...t
Q.3.24 MAC Payload.........c.cccveeiiiiiiiiiiiiiee i
Q.3.25 MACCRC ...t
Q.3.3 MAC Frame TYPES.....cuuuuuiiiiiieieeiiiiii e eeeeanianns
Q.3.3.1  OVEIVIEW...ccoeiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e
Q.3.3.2  UL-MAC-Frame typesS......ccuuuriiiiiiiieiiiiiiiin e
Q.3.3.3  DL-MAC-Frame typesS......ccuuuriiiiiiiiiiiiiiiiin e
Q.3.3.4 MBlocks in different MAC Frame types.........ccccueeeee...
Q.3.3.5 Downlink Communication Session .............cccccuvveeeeen..
Q.3.3.6  Uplink Communication SeSSiON .........ccccevvivieeeiriiieeenns
Q.34 MAGC SECUIMLY ...ttt
Q.3.4.1  PriNCIPIES ...eveeeeiiiiiee e
Q.3.4.2  Key DefinitionsS.......cccocvieiiiiiiiiiiiie e
Q.3.4.3 Counter Definitions .......ccvvveiiiiee i
Q.3.4.4  Secured Data......ccccceeeveeuiiiiiiiie et
Q.3.4.5 Security MechaniSMs .........cccceviieeeiiiiiee e
Q.3.4.6  Security Verification ............cccccceveviviviiiiiiceee
Q.3.4.7 Security Error Handling .........cccccvvvvviviiiieiiiiceceeee
Q.35 MAC Element........ccoooiiiii i,
Q.3.5.1 General.....ccccccvevviiiiiiiii
Q.3.5.2 Uplink MEIEMENtS.........ccoevvveviiiiiiiiiecee
Q.3.5.3 Downlink MEIeMENtS ..........ccoevvviviviiiiiiiiiiiieiceeeeee
Q.3.6 MAC Block FUNCLIONS ........cooooeiiiiiie e,
Q.3.6.1  TeIMS. oo
Q.3.6.2 List of supported MBIOCKID'’S .........cccocuieiiiiiiieiiiiiieene
Q.3.6.3  MBIOCK-FUNCLIONS ....ccooiiiiiiiiiiee e
Q.3.7 MAC SEIVICES .ooiiieieiiiiieee e e e e e e
Q.3.7.1  Link Management ..........ccooouueeeiiiieeeiiiiiee e niieee e siieee e
Q.3.7.2  Clock Management...........ccoueeeeriieeeniiiieeeeiiieeeesiieee e

Q.4  Logical Link Control (LLC)

Q.4.1

Q.4.2
Q.4.2.1
Q.4.2.2
Q.4.2.3
Q.4.2.4
Q.4.25

OMS GROUP

Introduction of Frame Format C

Structure of Frame format C

OVEIVIEW ...ttt ettt
LC-Field ..o
C-Field (Control) ......coooieiiiiiieieeeeee e
M-Field (Manufacturer ID) ........ccceeeeieeiiniiiiiieeeeeeeee
A-Field (AdAress) ...



10

15

20

25

30

35

Open Metering System Specification Vol. 2 — Annex Q D M S ®
RELEASE A (2023-12) J

Q.4.2.6 M2-Field (ManufaCturer ID 2) .......cooiiiiiiiiiiiiee ettt 122
Q.4.2.7  A2-Field (AArESS 2).....ceiiiiiiiiiiiiiee ettt e et e st e e e sbreee e 122
Q.4.2.8 ACC-Field (ACCESS NUMDEK) ..icciii it ee e et se e e e e e s e e e e e e s e snnrrnaeeeae s 122
Q.4.2.9 RTD-Field (RUN TiME& DEIAY) ....cccoiiiiiiieeie ettt e e e e e s nranae e e e 122
Q.4.2.10 RAS-Field (Radio Adapter StAtUS)........cceeeeiiiiuiiiireieeeiiiiiireeeee e e s e senreereeee e s s e snanrenneeeees 122
Q.4.2.11 CI-Field (Control INfOrmation) ...........uuuiiiiee i e s e e e s nrenar e e e 122
Q.4.2.12 Data-Field (DAta) .........ccccuvrriieieeeie ittt e e e se st e et e e e s s sanbeae e e e e e e s s s nanberaeaeeeeseannranaeeeees 122
Appendix Q.A  (informative): Frequency Plan Visualization ...........cccccceeeiiiiiiiiieiie i 123
Appendix Q.B  (informative): MCL and MPL CalCulationsS............ccccveiieeeiiiiiiiiiieeee e ceiineeee e e 125
Appendix Q.C  (informative): ON-AIN TIMES ...oouiiiiiiiiiiie ittt 127
Q.C1 2 TS 0 1Y (o o = TP 127
Q.C.2 SPIILEING MOUE ...ttt bbb e s e bt e e e e nbr e e e neee 128
Appendix Q.D  (informative): Precoded GMSK using GFSK TranSCeIVer ........cccccovvvveeeinvieeeinineen. 129
Q.D.1 GMSK Modulation using GFSK MOAUIALON ...........ueiiiiiiiie i 129
Q.D.2 INVEISE PreCOTING.......eiiiiiiiiii ittt e e s sanneeas 129
Appendix Q.E  (informative): Summary of Length Calculations of Burst Mode.............cccveeevnnneen. 130
Appendix Q.F  (informative): Centre Frequency Drift of Burst Mode...........cccoouveviiiiiiiiiiiice i, 132
Q.F.1 Common Causes and Techniques to Reduce Centre Frequency Drift............cccooeeeee. 132
Appendix Q.G  (informative): Splitting Mode Timing OVEIVIEW ............uuuuurviririmimininininennnrnnnrnnnnnnnn. 133
Appendix Q.H  (informative): Calculating the Initial Radio-Burst Times for DL-S4 and DL-S3........ 134
Q.H.1 Application Example for Table Q.57 ..o 134
Appendix Q.I (informative): Calibration of Low-Frequency and High-Frequency crystal .............. 136
Appendix Q.J (informative): MAC Sequence Diagrams........ccccccveveveviieieiiieieceeeeeeeeeeeeeeeeeeeeee e 138
Q.J.1 Piggyback EXamPIES .....cooooie e 138
Q.J.1.1 Examples of Unidirectional Piggybacked MAC TranSmiSSiONS ..........ccceevvnveeeeniieeeennnnn 138
Q.J.1.2 Examples of Bidirectional Piggybacked MAC TransSmiSSIONS ...........ccccvevvniieeeniieeeennnnn 139
Q.J.2 OMS-LPWAN Multi-DUrst EXamPpPIES......ccoiiiiiiiiiiie it 141
Q.J.2.1 Scenarios With TranSMISSION EITOIS .......cciiiiiieiieiiee e e s eeiieeie e e e e s sstiaee e e e e e s s ssnennaeeeaaeeeannns 141
Q.J.2.2 Optimised Transmission Sequence for CoOMmMAaNdS ...........ccuverriiieiniiieee e 144
Q.J.3 MMsgCounter SYNCAIONISALION ..........ceiiiiiiiiieiiie e 146
Q.J.3. 1 EXAMPIE Or STt UP ..eeeeiiiiiiiie ittt e e 146
Q.J.3.2  EXaMPIES fOr MAC COUNLEIS ...c.ueeiiieiiiiiee ittt sttt e st e e e e e e e 147
Q.JA4 Response TiIMeoUt EXAMPIE .........oiiiii i 149
Q.J.5 Link Management SEOUEBNCES ........ciiaaiiiiiiiiieeeee ettt e e e et e e e e e s s ababe e e e e e e e e e annebeees 150
Q.J.5.1 Link Management INfOrmation FIOW ..........oooiuiiiiiiiiiiiii e 150
Q.J.5.2 Temporary Fallpack SEQUENCE...........coiiiiiiiiiiiiii et a e 151
Appendix Q.K  (informative): Frame EXAmMPIES .......oooiiiiiiiiiiiai e 152
Q.K.1 GENEIAL ... 152

OMS GROUP 5/173



Open Metering System Specification Vol. 2 — Annex Q

RELEASE A (2023-12)
Q.K.2 Send No Reply EXample ...
Q.K.3 Pure MAC EXamples .......cccoviiiiiiiiiice e
QK4 Piggyback EXamples .........ccccoecuvviieeieeiiiiiiieee e

Appendix Q.Z  (informative): Test VECLOrS .....cccccveeevviiciiiieeee e
Q.z1 Burst Mode — FEC Test VECIOr........cooeeveveieieieieieieieeeeeen,
Q.z.2 Burst Mode — Interleaver Test VECtor.........ccoceeveeeieieiennn,
Q.23 Burst Mode — Precoding Test Vector.........cccccceeeevvinnnneen,
Q.z4 Burst Mode — Full Test VECIOrS ........ccoeeeveveieieieieie e,
Q.25 Splitting Mode — Test VECIOr .......cccvvveeeeeeeiiiiiieeeeee e

OMS GROUP

6/173



10

15

20

25

30

35

Open Metering System Specification Vol. 2 — Annex Q D M S ®
RELEASE A (2023-12) J

Tables

Table Q.1 — OMS LPWAN [QYEI STTUCTUIE ......ceiiiiiiiei ittt ee ettt e et e et e e e s sbne e e e sbreeeeans 14
Table Q.2 — Sub-mode overview of OMS LPWAN UPIINK ........cooiiiiiiiiiieee e 15
Table Q.3 — GIOSSArY OF TEIMS .. ..eiiiiiiiiie it e e st e e e sbe e e s abr e e e e sabreeeeans 16
Table Q.4 — OMS LPWAN, Channel properties, UPINK ..........cccooiiiiiiiiiiee e 20
Table Q.5 — OMS LPWAN, Channel properties, DOWNINK ...........cccoiuiiieeeiiiiiiiieece e 20
Table Q.6 — OMS LPWAN, technology and freQUENCIES ..........cccoiiiiiiiiiee i 21
Table Q.7 — Uplink transmitter parameters for Burst Mode, UL-B .........ccccoviiiiiieiiee i 24
Table Q.8 — Downlink transmitter parameters for Burst Mode, DL-B...........ccccovvvereeiiiiiiiiieece e 24
Table Q.9 — Uplink structure of BUrSt MOAE .........ouiiiiiiiiiiiiiiicc e e e e 25
Table Q.10 — SIrUCIUIE OF CL..ciiiiiiiiiiiiiiei e e e e s e st rr e e e e e s e e er e e e e e e ennneeees 25
Table Q.11 — Coded header Of BUISt MOUE ........ueiiiiiiiiiiiiiiii e e e e e e 26
Table Q.12 — Burst type field for uplink coded header ... 27
Table Q.13 — Downlink structure of BUISt MOGE........cooiiiiiiiiiie e 28
Table Q.14 — Burst type field for downlink coded header ..o 28
Table Q.15 — Coded Payload of uplink/downlink Single-burst, ULO/DLO, FEC rate 7/8 .............c........ 29
Table Q.16 — Coded Payload of uplink/downlink Single-burst, ULO/DLO, FEC rate 1/2 ............ccccvuveee. 29
Table Q.17 — Coded Payload of uplink/downlink Single-burst, ULO/DLO, FEC rate 1/3 ............ccccvvveee 29
Table Q.18 — Coded Payload of uplink/downlink Multi-burst, ULL/DLL .............cuvvvviviiimiminininininininnnnnnn. 31
Table Q.19 — Coded Payload of uplink/downlink Multi-burst, UL2/DL2 .............ccuvvvivimimimimininnnininnnnnn. 31
Table Q.20 — Coded Payload of uplink/downlink Multi-burst, UL3/DL3 .............cuuvvvimimimimieinininininininn. 31
Table Q.21 — Timing parameters — uplink MUIti-DUIST .........c.ooiiiiiiii e 37
Table Q.22 — tRO, downlink Single-burst after uplink Single-burst............cccocviiviiiiiiiii, 38
Table Q.23 — tRM, uplink Single-burst after downlink Single-burst............cccccciiiiiiiiiiii, 38
Table Q.24 — tRO, downlink Multi-burst after uplink Single-burst.............ccccciiiiiiiiiiii, 39
Table Q.25 — tRM, uplink Single-burst after downlink Multi-burst ... 39
Table Q.26 — tRO, downlink Single-burst after uplink Multi-DUrSt ... 40
Table Q.27 — tRM, uplink Multi-burst after downlink SiNgle-burst ..o 40
Table Q.28 — Downlink options — downlink Single-burst after uplink Multi-burst .............cccccciiiiee 40
Table Q.29 — tRO, downlink Multi-burst after uplink Multi-burst .............ccccciiiiiiiiii, 41
Table Q.30 — tRM, uplink Multi-burst after downlink Multi-burst.............ccccoii e 42
Table Q.31 — Downlink options — downlink Multi-burst after uplink Multi-burst............cccccooiiiiiiis 42
Table Q.32 — Nominal transSmISSION INTEIVAL.........cciiiiiiiiiiiiiie e e s 43
Table Q.33 — Uplink transmitter parameters for Splitting Mode, UL-S..........ccciiiiiiiiiiiiieee a7
Table Q.34 — Downlink transmitter parameters for Splitting Mode, DL-S .........cccccceiiiiiiiiiene e 48
Table Q.35 — Uplink Radio BUISt FOIMAL............uuiiiiiiiei et 49
Table Q.36 — Downlink Radio BUISt fOrMAL..............uuuiiiiiiiiiiiiiieieisiiieieieieieeesreeersrers e 50
Table Q.37 — DOWNIINK COrE fraMIE ....uuuuiiiiiiiiiiiiiiieieieieieieieieieiebe s ee e e baee e bsesesestsbebsesesesessssnrnssrssnsnsnsnnes 50
Table Q.38 — Sync field in variable MAC MOUE..........ccuiiiiiiiiie e 51

OMS GROUP 71173



10

15

20

25

30

35

Open Metering System Specification Vol. 2 — Annex Q D M S ®
RELEASE A (2023-12) J

Table Q.39 — Downlink Extension Frame pilot SEQUENCES.........ccuuiiiiiiiieee et 51
Table Q.40 — Downlink EXtension Frame BIOCKS ............uuuiiiiiiiiiiiiiiiiieiiieieieieieisisieisisiersrsrsrernreen... 52
Table Q.41 — UpPliNK PHY PaYlOad .........ccccoiiiiiiiiiiieec et e e e s e st e e e e e s s snntaae e e e e e s s nnnnnenees 52
Table Q.42 — DOWNIINK PHY PaylOad..........cooiiuiiiiiieec ettt e s e sane e e e e s s e e e e e e e s nnnnenees 53
Table Q.43 — Mapping Of TDN field t0 ITDN ......uuiiiiiiiiiiiiieiii e ee e e e e e s eeeeeees 54
Table Q.44 — Mapping of THB field t0 ITHB.........ciiiiiiiiiiiiie e 55
Table Q.45 — Uplink/downlink time iNtErVAIS .........cooiiiiiiiiiiiiiie e 59
Table Q.46 — AdAPLALION FACIOIS .....coiiiiiiiiiiiee ettt e et e e st e e e st e e e e sbreeeeans 59
Table Q.47 — Timing tOlEranCes UPINK ........uuiiiiiiiiie ittt e e sbreee e 60
Table Q.48 — Timing tolerances dOWNIINK ...........c.oiiiiiiii e 60
Table Q.49 — Nominal tranSmMISSION INTEIVAL...........uuuuiiiieiiiiiiiiieii e e e e 60
Table Q.50 — Bit representation of Payload CRC...........ccoiiiiiiiiiiiiie e 64
Table Q.51 — Radio-burst carrier set of Uplink Pattern Group (UPG) ............uuvviviiiiiiiiiiieieinieinieinininnnn, 65
Table Q.52 — Initial Radio-burst time set of Uplink Pattern Group (UPG)...........cvvvvivieivivieinininininininnnnn. 66
Table Q.53 — LESR SEEU R[] ....vvreeeeeeeeeeeeeeeeeseeeeeeeee e e eeeeeeetes s e eeeees e seseeeeteseses s eeseseeses s sseeesen e 66
Table Q.54 — Downlink pattern selection based on Header CRC ..............uuvviiiiiiiiiiiniiiiieieieinieinnnnn. 67
Table Q.55 — Uplink downlink freqUENCY OffSELS ..........uuiiiiiiiiiiiiiiiiiiieieiiieieieieieieieiereeerereeere e 68
Table Q.56 — Radio-burst carrier set of Pattern Group for downlink modes DL-S3 and DL-S4 ........... 68
Table Q.57 — Initial Radio-burst time set of Pattern Group for downlink modes DL-S4............ccceeee. 69
Table Q.58 — Initial Radio-burst time set of Pattern Group for downlink modes DL-S3............ccceeen. 69
Table Q.59 — Radio-burst carrier set of Pattern Group for modes DL-S1 and DL-S2............cccoeveeene 70
Table Q.60 — Initial Radio-burst time set of Pattern Group for modes DL-S1 and DL-S2 .................... 71
Table Q.61 — Input values based 0N MAC CRC .......coo it e e e eeraaer e e e e e e neneeees 72
Table Q.62 — ToleranCe MILAtIONS..........uuuieiiiiiiieieieieie e e e e e e e e e eerererereesreesesrsrsrnrsrsrnrnnnrnnes 73
Table Q.63 — OVverview abOUL MAC JQYET .........uuueieiiieieiiieieieieieieieieieiererereree et 75
I o] S @ B Y @ o 1= Y= To [T o 1= (o 75
Table Q.65 — MHCTLIOJ-FIIT. ....cvveeeeeeeeeeeeeeee ettt ettt et et et e e e et en e en e eeeeeeeen s 76
Table Q.66 — MHCTLILI-FIEIT. ....ovevee ettt ettt ettt ettt eeen s e e et ee e en et ee s 76
Table Q.67 — Configuration of MAC SecCurity Profile...........ccccuviiiiiiiiiiiiiiiiiieiiiiieieisieeisieeeerneneeenenennne. 76
Table Q.68 — MAC BOUY StIUCTUIE .......veiii ittt ettt e e et e e st e e e e sbbeeeeans 77
Table Q.69 — MBCTL[O]-fIIU........ee ettt ettt st e ereeeneeeeeenree e 77
Table Q.70 = MBCTL[L]-fIEIU.....cueeiie e eie ettt sttt et e sneeenaeeneeenree e 78
Table Q.71 — MBIOCK STIUCLUIE ......uuuuiiieiiiiieriteteteteretererererererererererererererererere—ereraretarersrsrererererarersrarararares 79
Table Q.72 — MBHI[O] fIEI ....cueeeee ettt e et te et e et e st e sneeeneeeneeennee e 79
Table Q.73 = MBHL] FIEIA ........veieeeee ettt ettt en e en e, 79
Table Q.74 — MAGC FIamMe tYPES . ... eiiiiiieie ettt ettt e e e e et e et e e e s e e s b bbbt e e e e e e e e abnbbeeeaaeeesaannnreees 81
Table Q.75 — Uplink SeSSIoN CONLIOl (UL-SC) ....uiiiiiiiiiiiiiiiiiie ettt e 85
Table Q.76 — MAC layer SECUILY PIINCIPIE .......eeieiiie e e e 86
Table Q.77 — Encrypted and Unencrypted Data ...........ccvuueiiiiaaiiiiiiiiieie et 89

OMS GROUP 8/173



10

15

20

25

30

35

Open Metering System Specification Vol. 2 — Annex Q D ®
VIS

RELEASE A (2023-12)

Table Q.78 — MAC SeCUItY PrOfileS.......coiiiiiiiiiiiiee e ee e 90
Table Q.79 — StruCture Of the NONCE ........uuiiiiiiiiiiiiieii e e e e e e reteeeesbsrsesesraesssrsrnsnrnnnnes 91
Table Q.80 — Definition of MElement_UA-fIEld..........ccooiiiiiiiiie e 94
Table Q.81 — AcCeSS 0ptioN — BUIST MOGE........uuiiiiiee it e e e e e e e e e s e e e e e e e e s ennnneees 95
Table Q.82 — Response timings tRO and tRM — BUISt MOUE ..........cuvuiiiiieeiiiiiiiieeee e 95
Table Q.83 — Access option — SPHtING MOUE ......oviieiiiiiieec e 96
Table Q.84 — Response timings tRO and tRM — Splitting MOde...........ccveeiiiiiiiiiie e 96
Table Q.85 — Definition of MEIement_UB-field............ooouiiiiiiiiii e 97
Table Q.86 — Definition of MEIement_UC-field ..o 97
Table Q.87 — Definition of MEIement_UD-field ............oo i 98
Table Q.88 — Definition of MElement_UE-field...........ocuiiiiiiiiii e 99
Table Q.89 — Definition of MEIemMent_DA-fIEIU.........oooiiiiiiii e 100
Table Q.90 — Terms used for the MBIOCK deSCriPtioN ............uuuuieiiiiiiiiieiiieiiinieieininieiriererneenn... 101
Table Q.91 — List of supported MBIOCKID’S ..........uuiiiiiiiiiiiiiiiice e e e rrrrre e e e e 101
Table Q.92 — LINK STATUS.......uuiiiieeiiieiiieieieieeeeeieieeeeeeeeeeeeeeseeeeeeaees e e e e ee e seeseessssssseeesesssssssnsnsnnnsnsnsnsnnnnns 102
Table Q.93 — FAllDACK STALUS........uuuuiuiiieieiiieieieiereeeieeereeeeeerereaeeeree e rererererereeseerereraressssssrssnnnrnsnrnrnnnnns 103
Table Q.94 — FallDACK COUNTET ... ..uuiiiiieieiiiiieieieieieieieieeeieeeeeeeaeesrereeeeeee e eeeeeeeesssssnesresssssssssssnsnsnsnsnsnnnnns 104
Table Q.95 — SESSION MEQUEST .......eiiiiiieiee ettt ettt sb et sttt e sttt e e s abbe e e e sabbb e e e snbneeesaanneeas 105
Table Q.96 — CIOCK TimMe MaNAGEMENT......i.uiiiiiiiiiie ettt ettt ettt e s b e aibr e e s stbr e e e s anbeeeesaanreeas 105
Table Q.97 — UL lINK MaANGGEMENT.........eiiiiiiiii ittt sttt e e e nbe e e s nanreeas 106
Table Q.98 — DL lINK MaANAGEMENT.........eiiiiiiiii ittt aeb e e nba e e e s naneeeas 108
Table Q.99 — CMD-MMSGCOUNLET .......ueitieitiiee ettt ettt bt s b bt e e s abbe e e e s abbe e e e sabeeaesanneeeas 109
Table Q.100 — ManufacCturer SPECIIC ......c.oiuuiiiiiiieie e 109
Table Q.101 — Supported MBIOCK fUNCHIONS .........uuuiiiiiiiiiieiiieieieieieieiaieieieiee e eenrareeereeneernrnrnrnrnrnrane 110
Table Q.102 — SUPPOIEA FEIEASE ......uuuurrieriieieieieieierereteteeetereaerere et rararsrersrnrnrnrnnnnns 110
Table Q.103 — SESSION rESUME UEIAY ......uvuuveiiieieirieieisietereiereierererereee e e 111
Table Q.104 — OMS end-device Capability..............uuuiuuuiuieieieiiiiieieieiie . 112
Table Q.105 — ACCESS OPPOrtUNILY INTEIVAL .. .....uuieieieiiieieieieieieieieieieie e rarersrerarsrersrnrnrnrnrnnns 113
Table Q.106 — Hard fallDack QAN ............uuueiiiiiiieieieiiiiiiieieieieieie e esreeaeerersrsrseaesrnrsrnrsrnrnrnnns 116
Table Q.107 — Overview Of Frame FOIMAt C .........uuuuiiiiiiiiiiiiiiieieieieieieieierererererererererererer————————————————. 120
Table Q.108 — LCO]-IEIU ....eiiieiie ettt e te et e s e st e snteenbeeseeeseeesneenneeas 121
Table Q.109 — LCILIHIEIL ...veiiieie ettt ettt e sreesneesnteenbeenreesneesreenneeas 121
Table Q.B.1 — OMS LPWAN SUb-MOdEe MCL OVEIVIEW ........uuuvuiiiiiiiiiireriiererersreierererersrsrerereree.... 125
Table Q.B.2 — OMS LPWAN SUb-MOAE MPL OVEIVIEW .........uuveieiiiiiiiiieiiiereieisieiererererersrnnereree.... 126
Table Q.C.1 — BUISt MOOE ON-AIl TIME ..uuuuiiiiiiitiiiterttiteteretereiererererererere e e er.———.—a————————r—r.—————————————————. 127
Table Q.C.2 — Splitting MOde ON-AIl TIME .....ooiiiiiiiie ittt e e neneeeas 128

OMS GROUP 9/173



10

15

20

25

30

Open Metering System Specification Vol. 2 — Annex Q D ®
VIS

RELEASE A (2023-12)
Table Q.E.1 — Length calculations for BUrsSt MOOE...........c.uuuiiiiiiiiiiiiieee e 130
Table Q.G.1 — Uplink/downlink time INtEIVAIS..........cooiiiiiiiiiie e 133

Table Q.H.1 — Initial Radio-burst time set of Pattern Group for downlink modes DL-S4 and DL-S3.. 135

Table Q.K.1 — PersiStENT MAC KEY ....uuuiiiiieeiiiiiiiiieie e e e st ettt e e e e e s s st e e e e e s s ssstaaeeeseeeseannranneeeeeeeeaanns 152
Table Q.K.2 — MAC DErVALION KBY .....uuiiiiieeiiiiiiiiieii e e e e s srittee e e e e s s s st tae e e e e e s s snataaaeeeaeeasannrnnneeeaeeeasanns 152
Table Q.K.3 — UpliNk MSNR, SND-NR ......ciitiiiiitiiiie ittt e et e e s srbe e e nsbaeeesnnneees 152
Table Q.K.4 — UPHNK MACK ....ooi ittt ettt sttt sttt e e s bbb e e s st e e e e s enbeeeesnnseeeas 154
Table Q.K.5 = UPINK MERR ......vueveveeeeeeeeeeeeeteeeeeeseeeeeseeee s eeeeeseseeseseeseseseeseseeseseseeseseeeeseseeeseseseeseseeeenens 154
Table Q.K.6 — DOWNIINK MCIMD .......uuuuiiiiiiiiieieieieieieesrereesierereiererereeereererererereeeeeeee. 155
Table Q.K.7 — Downlink MCMD, REQ-UD2Z2 .........uoiiiiieiiiiiiiiiii ettt e et e e e e e s s s seneaeeeaeeeeannns 155
Table Q.K.8 — UPliNKk MRSP, RSP-UD ......ccciiiiiiiiiiiieie ettt e e e e s snteeeeea e e e s s snnrenaeeeeeeessnnns 156
Table Q.Z.1 — UPIINK PHY PAYIOAd .........cooiiuiiiiiiiiiiie ittt 161
Table Q.Z.2 — Coded header info, Uplink Single-burst, FEC rate 7/8..........ccccccoviiiiiiiiiiieiniiee e, 161
Table Q.Z.3 — Burst generation, Uplink Single-burst, FEC rate 7/8 ...........cccvvciiiiiiieeiiiiiiieiee e 162
Table Q.Z.4 — Coded header info, Uplink Single-burst, FEC rate 1/2..........ccccccoiiiiiiiiiiieiiniiee i, 162
Table Q.Z.5 — Burst generation, Uplink Single-burst, FEC rate 1/2 .........ccccccvvviviiivinieiiininieiiininininnnnn. 163
Table Q.Z.6 — Coded header info, Uplink Single-burst, FEC rate 1/3..........ccccccvvviviviviiinieieinininininnnnn, 163
Table Q.Z.7 — Burst generation, Uplink Single-burst, FEC rate 1/3.........ccccovvivimiiinininiiiniiieiniiinininnnnn, 164
Table Q.Z.8 — Coded header info, Uplink MUIti-DUISE.............uuiiiiiiiiiiiiieieieiieeee e 165
Table Q.Z.9 — Burst generation, Uplink MUIti-DUIST ..............uuiiiiiiiiiiiiieiieeieieeeeeeeeeeneneeennnne 165
Table Q.Z.10 — DoWNIiNK PHY PaylOad ...........uuuuuuuuieiiiiiiieiiieieisieieisisisieisierernisrnrneess ... 167
Table Q.Z.11 — Coded header info, Downlink Single-burst, FEC rate 7/8 ...........cccccoviiiiiiniiieinnnen, 167
Table Q.Z.12 — Burst generation, Downlink Single-burst, FEC rate 7/8 .........cccoviiiiiiiiiiiiniiice i, 168
Table Q.Z.13 — Coded header info, Downlink Single-burst, FEC rate 1/2 ..........ccccccoiviiiiiiniiiieininen, 168
Table Q.Z.14 — Burst generation, Downlink Single-burst, FEC rate 1/2 .........cccoiiiiiiiiiiiiiiiiee e, 169
Table Q.Z.15 — Coded header info, Downlink Single-burst, FEC rate 1/3 .........ccccciiiiiiiiiniiieeiien, 169
Table Q.Z.16 — Burst generation, Downlink Single-burst, FEC rate 1/3 ......ccccoooiiiiiiiiiiieiiieee e, 170
Table Q.Z.17 — Coded header info, Downlink MUlti-DUISt .............uuuiiiiiiiiiiiiiiii e, 170
Table Q.Z.18 — Burst generation, Downlink MUlti-DUISE ... 170
Table Q.Z.19 — Example of Radio-bursts of @ core frame..........ccoooiiiiiiie e 173

OMS GROUP 10/173



10

15

20

25

30

35

Open Metering System Specification Vol. 2 — Annex Q D ®
VIS

RELEASE A (2023-12)

Figures

Figure Q.1 — Burst mode overview — uplink and downlink ... 23
Figure Q.2 — Precoding applied to a UL-B tranSmiSSION ...........cooiiiiiiiiiiiiic e 32
Figure Q.3 — Signal mapping of precoded GMSK .........c.uiiiiiiiiiiii e 33
Figure Q.4 — Signal mapping Of GFESK ... e e e e e s s st ereeeeeeanns 33
Figure Q.5 — Block diagram of systematic convolutional encoder, rate 1/4 ........ccccccveeeeiiiiiiineeeeeeeeinnns 34
Figure Q.6 — Block diagram of pseudo-random block interleaver ............ccccccooiiiiiieiiiee e 35
Figure Q.7 — Synchronous timing of uplink Single-burst...........ccccco i 36
Figure Q.8 — Synchronous timing of uplink MUlti-burst ............ccccceei i 36
Figure Q.9 — Burst timing of Uplink MUItI-DUIST .........ooiiii e 36
Figure Q.10 — Downlink options — downlink Single-burst after uplink Single-burst.............ccccccceiiiee. 37
Figure Q.11 — Downlink options — downlink Multi-burst after uplink Single-burst .............cccooooieiiien. 38
Figure Q.12 — Downlink options — downlink Single-burst after uplink Multi-burst ...............cccccciiee. 39
Figure Q.13 — Downlink options — downlink Multi-burst after uplink Multi-burst................cccooviiiien. 41
Figure Q.14 — Overview UPINK FOMMEL .........ouuiiiiiiiiiie ettt 45
Figure Q.15 — Overview DOWNIINK FOIMAL ........cooiiiiiiiiiiiii e 46
Figure Q.16 — Calculation of Header CRC ... 53
Figure Q.17 — Calculation of Payload CRC ... 53
Figure Q.18 — Precoding applied to a Splitting Mode transSmiSSioN .........ccooovviiiii i, 56
Figure Q.19 — Signal mapping Of GIMSK ... 56
Figure Q.20 — Signal mapping of precoded GMSK ...... ..o 57
Figure Q.21 — Uplink/Downlink SCheAUIING .......c.ciiuiiiiiiiiiii e 59
Figure Q.22 — Definition of Radio-burst Time DTRB(S) ....cccuutriiiiieiiiiiiiiiee ettt e e e e 63
Figure Q.23 — Carrier OffSEL.......ci ittt b e s rereeas 64
Figure Q.24 — Communication ENAPOINES ........coiiiitiiiiiiiiiieeiiie et 74
Figure Q.25 — Example for uplink communication SESSION .........coccueiiiiiiiiiiiiiie e 84
Figure Q.26 — Order of uplink MEIEMENT DYLES .......uiiec e 93
Figure Q.27 — Link management responsibility OVEINVIEW........cccocieieiiii i 114
Figure Q.28 — Access opportunity (AO) vs. transmission iNtervals. .........ccooeeeeeeieiii e, 115
Figure Q.29 — TiME SEIVICES OVEIVIEW ......uuuieeie i e e e e e s s s s s s s s s s s s s s s s s s s s e s ae e e s s s s e s s e e s s s s e s e e e ae e e e e s aaeaeaeaeaeaas 118
Figure Q.A.1 - OMS LPWAN uplink freqUeNCY Plan..........c.uuuiiiiiiiiiieee et 123
Figure Q.A.2 - OMS LPWAN Burst Mode downlink frequency plan..........ccccoiiiiiiiieiiiiiecneeeeee 123
Figure Q.A.3 - OMS LPWAN Splitting Mode downlink frequency plan ... 124
Figure Q.1.1 - Calibration PrinCIPIE..........uiiiiie et e e e e e e bbb e e e e e e e eaes 136
Figure Q.1.2 - Calibration timinNg OVEIVIEW .........ccoiiuiiiiiiiie ettt et 136
Figure Q.J.1: Piggybacked MAC Data in unidireCtional .............cooviuiiiiiiiiieiiiee e 138

OMS GROUP 11/173



Open Metering System Specification Vol. 2 — Annex Q c M S ®
RELEASE A (2023-12) J

Figure Q.J.2: Piggybacked MAC Data in bidirectional MeSSages. ........cccuvieiriiiiieiniiiiee e 139
Figure Q.J.3: Multi-burst commands with tranSMISSION ErTOIS ..........eviiiiiiieiiii e 141
Figure Q.J.4: Transmission Sequence without MAC optimization ..........ccccceeviviiiiieree e 144
Figure Q.J.5: Transmission Sequence with MAC optimization ...........cccvveee e iiiiiieiee e 145
Figure Q.J.6: Installation process With SND-IR ........cccciiiiiiiiiiiiiee e e e e e e e 146
Figure Q.J.7: MAC Counter Handling for SND-MMSQCOUNLET .........cccuvviiieieeeiiiiiirieee e e e e seinineeeee e e 147
Figure Q.J.8: MAC Counter Handling for CMD-MMSQCOUNLET .........ccuvviiieeeeeiiiiiiieee e e e e e ssinineeeee e e e 148
Figure Q.J.9: OED RESPONSE TIMEOUL......ccciiuuiiiaiiiiiee ittt ettt sttt e e e anbee e e eees 149
Figure Q.J.10: Link ManagemeNnt flOW.........coouuiiiiiiiiieiiiee ettt 150
Figure Q.J.11: Temporary fallback programming SEQUENCE ..........cueviiiiiiiieiiiiiie e 151

OMS GROUP 12/173



10

15

20

25

30

Open Metering System Specification Vol. 2 — Annex Q D ®
VIS

RELEASE A (2023-12)

Q.1 Introduction

Q.1.1 Preface
This document describes the specification of the OMS LPWAN.

The specifications in this document enable the development of interoperable LPWAN solutions for OMS
end-devices and gateways.

Q.1.2 General

OMS LPWAN specifies a radio protocol especially designed for metering applications, where long range
and reliable communication together with long battery lifetime is required. OMS LPWAN may also be
used for other Internet of Things (IoT) applications, such as smart city or building applications, where
long range and low power operation is also desired.

In detail, the protocol provides the following features:

e extended range and penetration compared to existing radio modes (e.g. wireless M-Bus
Mode C)

e energy efficiency for OMS applications

e compatibility with the existing M-Bus protocol stack and current OMS architecture

e interoperability with the existing Open Metering System

¢ high robustness towards interferers in the crowded and shared license free bands

e economic benefit by reducing number of fixed network equipment

OMS LPWAN is intended for stationary systems using a moderate transmission rate. It is not suitable
for very frequent transmissions (such as walk-by and drive-by applications) as this can overload the
channel capacity.

OMS LPWAN defines two physical radio technologies and a new wireless M-Bus MAC layer. The new
wireless M-Bus MAC layer provides several services, such as link and clock management functions as
well as optimization possibilities for communication sequences. The MAC layer introduces a security
level independent of the upper M-Bus layers, thus enabling MAC services to be controlled independently
of the HES. The upper M-Bus layers provide their own security and apply the OMS security profiles
defined in [OMS-S2], 9.1.

OMS LPWAN introduces a new link layer format for wireless M-Bus called “Frame Format C” that is
optimized for the usage together with the new MAC layer. Redundant fields of former wireless M-Bus
link layer are omitted to reduce the overall number of payload bytes.

Table Q.1 shows an overview of the OMS LPWAN protocol stack. The grey shaded cells indicate the
new technical content of this specification document.

OMS GROUP 13/173



10

15

Open Metering System Specification Vol. 2 — Annex Q D M S ®
RELEASE A (2023-12) J

Table Q.1 — OMS LPWAN layer structure

OSI Model OMS LPWAN Layer Model
Application Presentation APL [OMS-S2], clause 8 @
Session TPL [OMS-S2], clause 72
Transport AFL [OMS-S2], clause 6 &
Logical Link .
_ Control (LLC)® Wireless M-Bus Frame Format C
Data Link 5
Medium Access '
Control (MAC) Wireless M-Bus MAC
Physical Burst Mode Splitting Mode
@ optional upper protocol layer
b The LLC may optionally contain the ELL. When using Frame Format C

the ELL can be avoided.

The two different PHY technologies are introduced to always provide a best fitting solution based on the
individual use cases. With this approach, any system topology (i.e. NNAP and LNAP) can be fulfilled
with the minimum total cost of ownership (TCO).

The Burst Mode is more energy efficient and therefore (at least with high data rate) also applicable for
battery powered gateways. While the Single-burst variant is suitable for a faster response time, the Multi-
burst variant facilitates shorter radio bursts and has better robustness.

Splitting Mode is based on TS-UNB technology described in [ETSI 103 357], section 6. Compared to
the definition in [ETSI 103 357], it enlarges the possibilities to gain more flexibility especially for low-
power embedded devices. On the other hand, it reduces options that are not needed for the intended
metering market with the goal to reach a high interoperability and less variants. It is intended for
maximum range and best robustness against interferers. To obtain this performance, an SDR receiver
is required in the gateway and in the OMS end-device in case of a bidirectional device.

NOTE: The Splitting Mode uses patents. Therefore, a licence agreement must be obtained (see also
Table Q.2, footnote d).

Table Q.2 provides an overview about the properties for the sub-modes of OMS LPWAN used by the
OMS end-devices in the uplink.
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Table Q.2 — Sub-mode overview of OMS LPWAN uplink

Technology Burst Mode Splitting
. . Mode
Burst type Single-burst Multi-burst
Data rate 125 keps 10 kcps 125 keps 10 keps 2,38 keps
Range (using SDR 2) + ++ + ++ +++
R_obustness against + + e i it
disturbers
Energy efficiency per frame +++ ++ +++ ++ +
Short burst length b ++ + +++ ++ +++
Response time ++ ++ + + +
Battery powered gateway + i + _
feasibility
SDR 2 in gateway optional optional optional optional mandatory
SDR 2 in OMS end-device optional optional optional optional mandato_ry for
downlink
Royalty Free IPR available d
for OMS members yes* yes® yes® yes® no
NOTE: There is a ranking from “+” (moderate) to +++ (very good). A “-“ signals the level of difficulty.
a  Software Defined Radio (SDR) enables a significantly better receiver sensitivity but results in a
higher implementation complexity.
b Longer radio bursts increase the hardware requirements, especially those for power supply.
¢ Royalty free IPR is available for burst mode only. See OMS Articles of Association and relating
IPR policy.
d  Alicense for standard essential patents covering Splitting Mode may be purchased via Sisvel.
See www.sisvel.com for further details.
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Q.1.3 Glossary of Terms

Additional terms and clarifications for [OMS-S1], Annex A.3 Glossary of Terms.

Table Q.3 — Glossary of Terms

Term Description

A A

AO Access Opportunity

B B

BER Bit Error Rate

BT Bandwidth-time product

burst A single radio transmission or part of a radio transmission that has a continuous centre
frequency and a constant transmission power.

C C

CCM Counter with cipher block chaining message authentication code

Chip Precoded data bit

CL Coded length

Coded header

FEC coded header

Coded Payload

FEC encoded variant of PHY Payload

CRC

Cyclic Redundancy Check

CTR Counter (block cipher mode of operation)
D D
DATA Data field
DLO Downlink Single-burst
DL1 Downlink Multi-burst, individual burst 1
DL2 Downlink Multi-burst, individual burst 2
DL3 Downlink Multi-burst, individual burst 3
downlink Radio link direction from gateway to OMS end-device
DPG Downlink Pattern Group
DR Data rate
E E
EFI Extension Frame Indicator
F F
FEC Forward Error Correction
FEC Parity FEC coded variant of PHY Payload
FEC Tall FEC termination bits
Frame A related set of one or more radio bursts spread over time and/or frequency that
contains data belonging to one datagram.
FTM Flexible Timing Mode
G G
OMS GROUP 16/173
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Term Description

GFSK Gaussian Frequency Shift Keying

GMSK Gaussian Minimum Shift Keying

H H

I I

IPR Intellectual Property Rights

J J

K K

L L

LFSR Linear-feedback shift register

LNAP Local Network Access Point

M M

MAC Block MAC layer block containing service functions

MAC Body Optional part of the MAC layer which can carry MAC security parameters and MAC
Blocks

MAC Element Part of the MAC Header carrying information for accessing the OMS end-device and
gateway timing.

MAC Header Header of the complete MAC layer

MAC Payload The MAC layer above the MAC services, including LLC-layer and optional upper
protocol layers.

MCL Maximum Coupling Loss

MDerCounter MAC Derivation Counter

MDerKey MAC Derived Key (ephemeral key)

MFT MAC Frame Type

MMAC MAC Message Authentication Code

MMode MAC mode

MMsgCounter MAC Message Counter

Midamble Synchronisation sequence in the middle of a burst

MPDU MAC protocol data unit

MPL Maximum Path Loss

MSBiIt Most significant bit

MSB Most significant byte

MSK Minimum Shift Keying

MSP MAC Security Profile

Multi-burst Burst type for sub-mode Burst Mode with three individual bursts

N N
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Term Description

NNAP Neighbourhood Network Access Point

NW-Manager Network Manager. Entity responsible for managing communication links and clock
management using MAC services.

@) o]

P P

PER Packet error rate

PHR PHY header

Preamble Train-up sequence in the beginning of a burst

PSDU PHY service data unit

PS Pilot sequence

PSI Packet size indicator

Q Q

R R

RES Reserved field

RF Radio frame

RSC Recursive systematic convolutional

RX0 Receive window option 0

RX1 Receive window option 1

RX2 Receive window option 2

RX3 Receive window option 3

RX4 Receive window option 4

RX5 Receive window option 5

S S

SDR Software Defined Radio

Single-burst Burst type for sub-mode Burst Mode with one individual burst

Symbol A chip is mapped to a symbol by modulation

Sync Synchronisation sequence in the beginning of a burst

T T

TCO Total Cost of Ownership

TDN Time Delay Extension Frame

THB Time Delay Half Block

TIV Timing Input Value

TSI Transmission Start-time Indicator

TSMA Telegram Splitting Multiple Access

TS-UNB Telegram Splitting Ultra Narrow Band
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Term Description
TXO First individual burst of Multi-burst or Single-burst transmission
TX1 Second individual burst of Multi-burst transmission
X2 Third individual burst of Multi-burst transmission
u u
uLO Uplink Single-burst
uL1 Uplink Multi-burst, individual burst 1
uL2 Uplink Multi-burst, individual burst 2
UL3 Uplink Multi-burst, individual burst 3
UPG Uplink pattern group
uplink Radio link direction from OMS end-device to gateway
X X
Y Y
Z Z
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Q.2 Physical Layer (PHY)

Q.2.1 Overview

OMS LPWAN physical layer includes two technologies named “Burst Mode” and “Splitting Mode”. The
two technologies are abbreviated with UL-B and UL-S for uplink and DL-B and DL-S for downlink. The
letter “B” is for Burst Mode and letter “S” is for Splitting Mode.

Both technologies apply several sub-modes in each direction. These sub-modes provide different
properties, such as communication speed, energy consumption, link budget etc. The individual sub-
modes are identified using an abbreviation describing the direction, technology and PHY-index.

As an example, the sub-mode name UL-B2 denotes the second sub-mode (2) for the Burst Mode
technology (B) in uplink (UL). Accordingly, sub-mode DL-S1 denotes the first sub-mode (1) for the
Splitting Mode technology (S) in downlink (DL).

Even though the sub-modes apply two different technologies, Burst Mode and Splitting Mode, it is
possible to combine these two technologies in one product by e.g. applying Burst Mode technology for
uplink and Splitting Mode technology for downlink or vice versa. See subclause Q.2.6 where specific
rules for this combination are defined.

Q.2.2 Channel Properties

The radio part of an OMS end-device shall, for all parameters, as a minimum conform to the
requirements of [EN300220-1] and [EN300220-2], even if some applications require extended
temperature or voltage range.

The specific requirements for frequency bands are given in Table Q.4 and Table Q.5.

Table Q.4 — OMS LPWAN, Channel properties, Uplink

Characteristic min. nom. max. Unit
Frequency band 868,0 868,6 MHz
Transmitted power 25 mw
OMS recommended
transmitter duty 0,2 %
cycle
Regulatory
transmitter duty 1 %
cycle

Table Q.5 — OMS LPWAN, Channel properties, Downlink
Characteristic min. nom. max. Unit
Frequency band 869,4 869,65 MHz
Transmitted power 500 mw
Transmitter duty 10 %
cycle

OMS GROUP
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Q.2.3 Physical Link Parameters

The sub-modes are allocated as given in Table Q.6. Technology “B” indicates Burst Mode and
technology “S” indicates Splitting Mode. A visualization of the frequency plan is shown in Appendix Q.A.

Table Q.6 — OMS LPWAN, technology and frequencies

Direction | Technology |Fr)1l<-j|2:(>-< C?ligpr:}te frgqu;Liy Sul;)a-lﬁzrgier
[MHZz]
12 10 868,530 + (n — 2) - 0,015 0<n<4
B 2@ 10 868,070 + (n — 2) - 0,015 0<n<4
3¢ 10 868,180 + (n —2)- 0,015 0<n<4
Uplink
(UL) 4 125 868,350 n.a.
1b 2,380371 868,180 n.a.
S 20 2,380371 868,080 n.a.
3¢ 2,380371 868,520 n.a.
1 2 869,525 + (n — 2) - 0,040 0<n<4
B 2 4 869,525 + (n — 2) - 0,040 0<n<4
3 8 869,525 n.a.
Downlink 4 24 869,525 n.a.
(OL) 1 2,380371 869,575 n.a.
s 2 2,380371 869,475 n.a.
3 4,760742 869,525 n.a.
4 19,042969 869,525 n.a.
a Dual channel usage of both sub-modes
b Dual channel usage according to [ETSI 103 357], “EU1 Profile”
c Optional extension sub-mode to be used by OMS end-devices only if requested by the NW-
Manager.

To increase channel capacity, some sub-modes apply a sub-carrier range. The OMS end-device
chooses a sub-carrier index, n, for each individual uplink burst. The OMS end-device informs in the
MAC-layer of an uplink transmission about the applied uplink n-values and the expected n-values for
the following downlink (see clause Q.3.5).

Q.2.4 Technology — Burst Mode (UL-B / DL-B)

Q.2.4.1 Introduction

The Burst Mode technology provides two different burst methods: Single-burst and Multi-burst. The
method applied in a specific burst is indicated in the coded header included in all bursts.
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Single-burst provides all information in one Single-burst. For Single-burst, three different FEC rates are
supported; rate 7/8, rate 1/2 and rate 1/3. The FEC rate applied is indicated in the coded header. A
lower code rate results in a longer burst, but also a higher reception probability.

Multi-burst repeats the information in three individual bursts. Each burst contains one representation of
the transmitted payload and can therefore be decoded individually. Each individual burst is FEC
encoded using rate 7/8. By combining two or three bursts code rate 7/16 and 7/24 can be achieved,
respectively. The more bursts that are received and combined in the receiver, the higher the coding gain
and correspondingly a higher reception probability. The receive sequence is determined using the
specific timing between the individual bursts. All information regarding timing is included in the coded
header.

Independent of Single-burst or Multi-burst, all bursts are generated from the common rate 1/4
convolutional FEC encoding. All contents are furthermore interleaved to improve interference rejection.

The coding of the content of uplink burst and downlink bursts are identical. However, the transmitted
burst structure differs slightly as uplink bursts contain both preamble and synchronization word in the
beginning of the burst for start of burst detection and midamble for mid of burst detection. Downlink
bursts only contains preamble and synchronization word for start of burst detection.

NOTE: The midamble is included to enable optimal reception by an SDR receiver, while the preamble
is included to ensure compatibility with conventional receivers.

Figure Q.1 provides an overview of the Burst Mode technology for uplink and downlink. Details are
provided in the following subclauses.
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-« 5.255bytes——————————————

Wireless M-Bus MAC
‘ MAC
PHY

PHY Payload

Lp = 5...255 bytes; B, = 40...2040 bits

‘ FEC, Puncturing, Padding

Single-burst Multi-burst

Coded Payload ULO/DLO

Bcp = 56...2344 bits @ FEC rate 7/8
Bcp = 88...4088 bits @ FEC rate 1/2
Bcp = 136...6136 bits @ FECrate1/3

Coded Payload UL1/DL1 Coded Payload UL2/DL2 Coded Payload UL3/DL3

Bcp = 56...2344 bits @ FEC rate 7/8 Bcp = 56...2344 bits @ FECrate7/8 Bcp = 56...2344 bits @ FEC rate 7/8

‘ Interleaving

Data

Lp =7...293 bytes @ FEC rate 7/8
Lp = 11...511 bytes @ FEC rate 1/2
Lp = 17...767 bytes @ FECrate 1/3

‘ Data division

‘ Data A Data B ‘

Lpa = 6...256 bytes @ FEC rate 1/2 Lpg = 5...255 bytes @ FEC rate 1/2
Lpa = 9...384 bytes @ FEC rate 1/3 Lpg = 8...383 bytes @ FEC rate 1/3

‘ Burst generation

‘ Loa = 4...147 bytes @ FEC rate 7/8 ‘ Log = 3...146 bytes @ FEC rate 7/8 ‘

Preamble Sync. CL Data A Midamble Caiiss Data B
Header
Lps = 4...147 bytes @ FEC rate 7/8 Lpg = 3...146 bytes @ FEC rate 7/8
32 bits 32 bits 24 bits Lpa = 6...256 bytes @ FEC rate 1/2 96 bits 96 bits Lpg = 5...255 bytes @ FEC rate 1/2
Lpa = 9...384 bytes @ FEC rate 1/3 Lpg = 8...383 bytes @ FEC rate 1/3
Uplink Radio Burst
Preamble Sync. Gz Data
Header

Lp = 7...293 bytes @ FEC rate 7/8

32 bits 32 bits 96 bits Lp=11...511 bytes @ FEC rate 1/2

Lp=17...767 bytes @ FEC rate 1/3

Downlink Radio Burst

Figure Q.1 — Burst mode overview — uplink and downlink

Q.2.4.2 Transmitter Parameters

The transmitter parameters for Burst Mode shall be as given in Table Q.7 for uplink (UL-B) and Table
Q.8 for downlink (DL-B). For details on modulation, see subclause Q.2.4.5.1.
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Table Q.7 — Uplink transmitter parameters for Burst Mode, UL-B

Characteristic | Symbol rﬁgge min. nom. max. Unit Note
Centre
UL-B ) 23 ppm
frequency frol (all) 20 0 20 kHz tolerance
tolerance
See
Centrg freq. farift uL-B -200 0 200 Hz/s Appendix
drift (all) O.F
GMSK
bandwidth- BT LfaLﬁ)B 0.5 05 05
time product
UL-B1
GMSK Py Btgg 9.999,7 10.000 10.000,3 cos +£30 ppm
chip rate chip - P tolerance
UL-B4 124.996,25 125.000 125.003,75
Data rate DR Lé:;”)B fenip
UL-B1
UL-B2 2.490 2.500 2.510
] GFSK Fiew UL-B3 Hz
eviation
UL-B4 31.200 31.250 31.300
a The GFSK deviation frequencies only applies when using a GFSK modulator to transmit GMSK
(see Appendix Q.D).

Table Q.8 — Downlink transmitter parameters for Burst Mode, DL-B

Characteristic | Symbol =i min. nom. max. Unit Note
mode
Centre DL-B1 -200 0 200
frequency Foroc DL-B2 -400 0 400 Hy
precision 2 P DL-B3 -800 0 800
DL-B4 -2.400 0 2.400
GFSK
bandwidth- BT DL-B 05 05 05
. (all)
time product
DL-B1 1.999,94 2.000 2.000,06
GFSK DL-B2 3.999,88 4.000 4.000,12 +30 ppm
chip rate fenip DL-B3 | 7.999,76 8.000 8.000,24 | °P° | tolerance
DL-B4 23.999,28 24.000 24.000,72
DL-B
Data rate DR (all) fenip
DL-B1 990 1.000 1.010
GFSK f DL-B2 1.990 2.000 2.010 Hy
deviation dev DL-B3 3.950 4.000 4.050
DL-B4 11.950 12.000 12.050
a For downlink sessions, the gateway must estimate the inaccuracy of the OMS end-device
centre frequency based on the UL transmission. Subsequent DL transmission(s) associated
with an UL transmission shall compensate for the UL inaccuracy, such that the centre
frequency offset as perceived by the OMS end-device is within the centre frequency precision,
fprec-
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Q.2.4.3 Structure and Synchronization
Q.2.4.3.1 Uplink Structure and Synchronization

Q.2.4.3.1.1 Overview
All uplink transmissions of Burst Mode shall apply the burst structure shown in Table Q.9.

Table Q.9 — Uplink structure of Burst Mode

Preamble Sync CL Data A Midamble Colzdl Data B
Header
Bpgg bits Bgync bits B, bits Lp, bytes Byp bits By bits Lpg bytes

All fields are transmitted with MSBit first. The byte order of Data A and Data B is MSB first.

Q.2.4.3.1.2 Preamble
The preamble field has a fixed length, Bpgg, of 32 bits and the value 66666666n
NOTE: After precoding, the resulting chip sequence is 55555555n

Q.2.4.3.1.3 Sync
The sync field has a fixed length, Bgyyc, Of 32 bits and the value 8153884Ch
NOTE: After precoding, the resulting chip sequence is CLIFA4C6An

Q.243.14 CL

The CL field has a fixed length, B, of 24 bits and contains an encoded version of the length, Lj,, of
the field, Data A.

NOTE: In case of a synchronization by preamble the CL-field is needed to calculate the position of the
coded header.

The CL field is divided into two subfields as shown in Table Q.10.
Table Q.10 — Structure of CL

Lpa CRC15(Lp,)
9 bits

15 bits

The Lp4-field is here a 9-bit field representing the length, L4, of Data A.

The CRC15 is a 15-bit CRC calculated over the 9 bit L, ,field with the following parameters:
The CRC polynomial is: x5 + x** + x10 + x% + x* + x2 + x + 1 (C617),) (Q.1)

The initial value is 0.

The final CRC is not complemented.

NOTE: The CRC15 may be used to identify multiple bit errors or to correct single bit errors in Ly, field.

= 45¢4

Example: Lpa = 000101101

CRC15 = 291734 =111000111110101s
CL = 15037334 =000101101111000111110101p
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Q.2.4.3.1.5 Data

The Data of length L, bytes is the interleaved Coded Payload. See Q.2.4.4 for details on Coded Payload.
The interleaver is specified in subclause Q.2.4.5.3. The Data is further divided in the Data A and Data
B.

5  The L, bytes do not include the CL-field, midamble and coded header.

NOTE: The length L, can be calculated from the length L, in the coded header (see Appendix Q.E).

Q.2.4.3.1.6 Data A

The Data A field with length L,, bytes contain the first half of the transmitted Data of L, bytes. The
length of the Data A field is calculated as Ly, = [%D] . The result is rounded up to an integer number of
10 bytes.

Q.2.4.3.1.7 DataB
The Data B field with length L,z bytes contain the second half of the transmitted Data with length L,
bytes. The length of the Data B field is calculated as Lpg = Lp — Lpy.
Q.2.4.3.1.8 Midamble
15  The midamble field has a fixed length, B, of 96 bits and the value DF46428F20B9BD70DF46428Fn

NOTE: After precoding and assuming that the last bit of Data A is 0, the resulting chip sequence is 3 x
BOE563C8h (BOE563C8BOES63C8B0OES63C8). If the last bit of Data A is 1, the resulting chip sequence
after precoding is 30E563C8BOE563C8B0OE563C8h.

Q.2.4.3.1.9 Coded Header

20 Q.2.4.3.1.9.1 Overview

The coded header has a fixed length, B.y, of 96 bits with the content shown in Table Q.11. The coded
header is encoded with a fixed FEC code rate of 1/3.

Table Q.11 — Coded header of Burst Mode

Name (St;izti) Description / range

Version 2 00¢ for initial version

PHY Payload length 8 Length, L, in bytes from 5 to 255

Timing Input Value 7 Input value for timing from 0 to 127.
0 Single-burst

Burst mode ! 1 Multi-burst

Burst type 2 Type of burst — see subclause Q.2.4.3.1.9.6 and Q.2.4.3.2.4.

Coded header CRC 8 Checksum of the above fields

FEC parity CH1 28 FEC parity 1 for coded header

FEC parity CH2 28 FEC parity 2 for coded header

FEC tail CH1 6 FEC tail 1 for coded header

FEC tail CH2 6 FEC tail 2 for coded header

Total length of 96

uplink coded header

25  Allfields are transmitted with MSBit first. The Version bit is the most significant bit of the most significant
byte.
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Q.2.4.3.1.9.2 Version (2 bit)

The version field is reserved for future iterations of this specification and is initially set to version O.

Q.2.4.3.1.9.3 PHY Payload Length (8 bit)

The PHY Payload length field indicate the length of the PHY Payload, Lp.

For information how to calculate the Coded Payload length, B.p, based on PHY Payload length, L, see
subclause Q.2.4.4.2.1 and subclause Q.2.4.4.3.1 or Appendix Q.E.

Q.2.4.3.1.9.4 Timing Input Value (7 bit)

The timing input value (TIV) is used as input for the calculation of timing as specified in subclause
Q.2.4.6. The value shall be uniformly chosen between 0 and 127. It can either be assigned during
production, or it can be set after a power-up of the OMS end-device. A downlink frame shall contain the
same timing input value as the preceding uplink transmission.

Q.2.4.3.1.9.5 Burst Mode (1 bit)
The Burst Mode field specify whether the burst is a Single-burst or a Multi-burst.

Q.2.4.3.1.9.6 Burst Type —uplink (2 bit)
The value of the burst type field in uplink shall be as specified in Table Q.12.

Table Q.12 — Burst type field for uplink coded header

Name (Sk:iztz) Description / range
In case of Single-burst (Burst mode = 0)
0 Uplink Single-burst, FEC rate 7/8
1 Uplink Single-burst, FEC rate 1/2
2 Uplink Single-burst, FEC rate 1/3
3 Reserved for Future Use
Burst type 2
In case of Multi-burst (Burst mode = 1)
0 Uplink Multi-burst, Timing 1 (short spacing)
1 Uplink Multi-burst, Timing 2 (medium spacing)
2 Uplink Multi-burst, Timing 3 (long spacing)
3 Reserved for Future Use

The burst type field specify in the case of uplink Multi-burst also the timing selected for the Multi-burst
transmission. For uplink Single-burst the type field specify the FEC code rate. For timing, see subclause
Q.2.4.6.

Q.2.4.3.1.9.7 Coded Header CRC (8 bit)

The coded header CRC is covering the 20-bit content of the coded header.

The CRC polynomial is: x8 + x? + x + 1 (107h) (Q.2)
The initial value is 0.
The final CRC is not complemented.

NOTE: A CRC-8 implementation operating on an integer number of bytes can be used by applying 4
leading bits (set to 0) before the 20-bit content.
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Q.2.4.3.1.9.8 FEC Parity CH1 (28 bit) and FEC parity CH2 (28 bit)

The fields FEC parity CH1 and FEC parity CH2 are part of the forward error correction coding of the
coded header. The FEC parities for the coded header each have a fixed length of 28 bits. See subclause
Q.2.4.5.2.

Q.2.4.3.1.9.9 FEC Tail CH1 (6 bit) and FEC Tail CH2 (6 bit)

The fields FEC tail CH1 and FEC tail CH2 are part of the forward error correction coding of the coded
header. The FEC tall for the coded header each has a fixed length of 6 bits. See subclause Q.2.4.5.2.

Q.2.4.3.2 Downlink Structure and Synchronization

Q.2.4.3.2.1 Overview
All downlink transmissions of Burst Mode shall apply the burst structure shown in Table Q.13.

Table Q.13 — Downlink structure of Burst Mode

Coded
Preamble Sync Header Data
Bpgg bits Bgync bits By bits L, bytes

All fields are transmitted with MSBit first. The byte order of Data is MSB first.

Q.2.4.3.2.2 Preamble
The preamble field has a fixed length, By, of 32 bits and the following fixed value: 55555555h

Q.2.4.3.2.3 Sync
The sync field has a fixed length, By, Of 32 bits and the following fixed value: C1FA4C6An

Q.2.4.3.2.4 Burst type —downlink (2 bit)

The Coded Header in downlink is identical to the Coded Header in uplink as defined in section
Q.2.4.3.1.9 except for the burst type field.

The value of the burst type field in downlink shall be as specified in Table Q.14.

Table Q.14 — Burst type field for downlink coded header

Name (Sl::iz';) Description / range
In case of Single-burst (Burst mode = 0)
0 Downlink Single-burst, FEC rate 7/8
1 Downlink Single-burst, FEC rate 1/2
2 Downlink Single-burst, FEC rate 1/3
3 Reserved for Future Use
Burst type 2
In case of Multi-burst (Burst mode = 1)
0 Downlink Multi-burst
1 Reserved for Future Use
2 Reserved for Future Use
3 Reserved for Future Use
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The burst type field specify in the case of downlink Single-burst also the FEC code rate. For timing, see
section Q.2.4.6.
Q.2.4.3.2.5 Data

The Data of length L, bytes is the interleaved Coded Payload. See subclause Q.2.4.4 for details on
Coded Payload. The interleaver is specified in subclause Q.2.4.5.3.

Q.2.4.4 Coded Payload

Q.2.4.4.1 General

The structure of the Coded Payload for Burst Mode depends on whether Single-burst or Multi-burst is
applied. For Single-burst the Coded Payload is transmitted in a Single-burst. For Multi-burst three
different Coded Payload are generated and transmitted in each of the three individual bursts.

The structure of the Coded Payload in uplink (UL-B) and downlink (DL-B) is identical.

Q.2.4.4.2 Single-burst

For Single-burst, the frame consists of one Single-burst with the Coded Payload shown in Table Q.15,
Table Q.16 and Table Q.17. The three situations show the Coded Payload in case of the three different
available FEC coding rates 7/8, 1/2 and 1/3.

Table Q.15 — Coded Payload of uplink/downlink Single-burst, ULO/DLO, FEC rate 7/8

PHY 7/8-padding | FEC parity | FEC tail O

Payload 3A

Padding

By bits Bpaars bits ZLEC bits 6 bits 2 bits

Table Q.16 — Coded Payload of uplink/downlink Single-burst, ULO/DLO, FEC rate 1/2

PHY
Payload

FEC parity 1

FEC tail 1

Padding

Bp bits

6 bits

2 bits

Table Q.17 — Coded Payload of uplink/downlink Single-burst, ULO/DLO, FEC rate 1/3

PHY
Payload

FEC parity 1

FEC tail 1

Padding

FEC parity 2

FEC tail 2

Padding

Bp bits

6 bits

2 bits

6 bits

2 bits

25

Q.2.4.4.2.1 PHY Payload

The PHY Payload field of length B, bits is the protocol payload to be transmitted. The length B, divided
by 8 is always an integer as the payload contains an integer number of bytes, L, = B?P. The PHY Payload

length in bytes, L, is transmitted in the coded header.
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Q.2.4.4.2.2 7/8-padding

The 7/8-padding is a padding field that is added to the Coded Payload only in case of FEC rate 7/8. The
value of the bits of the 7/8-padding is 0. The length of 7/8-padding, B,,q47s, range from 0 to 6 bits and is

calculated as:

Bpaazs = (—Bp)modulo 7 (Q.3)

NOTE: In case of FEC rate 1/2 or 1/3 the 7/8-padding is not present, and the length of the 7/8-padding,
Bpaazs, 1S therefore considered as 0 in these cases.

Q.2.4.4.2.3 FEC Parity

The fields FEC parity 1, FEC parity 2 and FEC parity 3A contain variants of the FEC parity output. See
section Q.2.4.5.2 for details on FEC encoding. FEC Parity 1 and FEC Parity 2 each has a length of Bgg,

bits. FEC Parity 3A has a length of @ bits.

Q.2.4.4.2.4 FEC Tail

The fields FEC tail 0, FEC tail 1 and FEC tail 2 each of fixed length of 6 bit, contain the tail-bits of the
FEC encoding. See section Q.2.4.5.2 for details on FEC encoding.

Q.2.4.4.2.,5 Padding

The padding field is added to ensure the full Coded Payload to always be an integer number of bytes.
The padding field has a fixed length of 2 bits and the value of all bits of the padding field shall be Op.
Q.2.4.4.2.6 Calculating length of the Coded Payload

This subclause describes how the length of the Coded Payload is calculated. A summary of calculation
of all length fields of Burst Mode is provided in Appendix Q.E.

The length of the data to be FEC-encoded, By, is calculated as follows for the three different coding
rates:

FEC rate 7/8:  Brgc = Bp + Bpaars Q.4

The length of the Coded Payload, B.p, is calculated as follows for the three different coding rates:

FEC rate 7/8: Bcp = Bp + Byaars + 25 + 8 = By > + 8 Q.7)
FEC rate 1/2 BCP = BP + BFEC +8= BFEC -2+8 (Q.8)

Q.2.4.4.3 Multi-burst

For Multi-burst three different Coded Payload for the three individual bursts are generated as shown in
Table Q.18, Table Q.19 and Table Q.20. Each individual burst of Multi-burst provides a FEC coding
rate of 7/8, however by combining two or three bursts, FEC coding rates of 7/16 and 7/24 can be
achieved.
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Table Q.18 — Coded Payload of uplink/downlink Multi-burst, UL1/DL1

PHY 7/8-padding | FEC parity | FEC tail 0 Padding
Payload 3A
By bits Byaars bits ZLEC bits 6 bits 2 bits

Table Q.19 — Coded Payload of uplink/downlink Multi-burst, UL2/DL2

FEC parity 1 FEC parity | FEC tail 1 Padding
3B

Bpgc bits ZLEC bits 6 bits 2 bits

Table Q.20 — Coded Payload of uplink/downlink Multi-burst, UL3/DL3

FEC parity 2 FEC parity | FEC tail 2 Padding
3C

Byge bits ZLEC bits 6 bits 2 bits

NOTE: FEC parity 1 and FEC parity 2 cover both PHY Payload and 7/8-padding.

Q.2.4.4.3.1 PHY Payload

The field PHY Payload of length B, bits is the protocol payload to be transmitted. The length B, divided
by 8 is always an integer as the payload contains an integer number of bytes, L, = %" The PHY Payload
length in bytes, Lp, is transmitted in the coded header.

Q.2.4.4.3.2 7/8-padding

The 7/8-padding is a padding field that is added to the Coded Payload. The value of the bits of the 7/8-
padding is 0. The length of 7/8-padding, B,447¢, range from 0 to 6 bits and is calculated as:

Bpaazs = (—Bp)modulo 7 (Q.10)

Q.2.4.4.3.3 FEC Parity

The fields FEC parity 1, FEC parity 2, FEC parity 3A, FEC parity 3B and FEC parity 3C contain variants
of the FEC parity output. See subclause Q.2.4.5.2 for details on FEC encoding. FEC Parity 1 and FEC
Parity 2 each has a length of Bpg. bits. FEC Parity 3A, FEC Parity 3B and FEC Parity 3C each has a

length of BFTEC bits.

Q.2.4.4.3.4 FEC Tall

The fields FEC tail 0, FEC tail 1 and FEC tail 2 each of fixed length of 6 bit, contain the tail-bits of the
FEC encoding. See subclause Q.2.4.5.2 for details on FEC encoding.

Q.2.4.4.3.5 Padding

The padding field is added to ensure the full Coded Payload to always be an integer number of bytes.
The padding field has a fixed length of 2 bits and the value of all bits of the padding field shall be O.
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Q.2.4.4.3.6 Calculating length of the Coded Payload

This subclause describes how the length of the Coded Payload is calculated. A summary of calculation
of all length fields of Burst Mode is provided in Appendix Q.E.

The length of the data to be FEC-encoded, Bgg., is calculated as follows:

Brgc = Bp + Bpaars (Q.11)
The length of the Coded Payload, B.p, is calculated as follows:
B 8

BCP =BP +Bpad78+%+8 ZBFEC ';+8 (Q12)

Q.2.4.5 Functions
Q.2.4.5.1 Modulation

Q.2.45.1.1 GMSK Modulation

All UL-B sub-modes defined in Table Q.6, shall be GMSK modulated with the modulation parameters
defined in Table Q.7. In the case of GMSK transmission using a GFSK transceiver, where a
modulation index of 0,5 cannot be achieved, the GFSK deviation frequency limits in Table Q.7 apply.
NOTE: For details on how to receive and transmit GMSK using a GFSK transceiver, see Appendix Q.D.

Q.2.45.1.2 Precoding

Prior to modulation, all UL-B transmissions defined in Table Q.6 must be precoded. The precoding

operation is defined by
cr = dj—1 D dy (Q.13)

where d, is the kth bit in the UL-B transmission, c, is the kth precoded bit (chip), and @ denotes the
exclusive-OR operation. For all cases, the seed bitis d_; = 0b.

Figure Q.2 illustrates the precoding operation applied to a UL-B transmission.

Preamble Sync CL Data A Midamble calan Data B Uplink radio burst
Header
i Add seed bit
. Coded
0 Preamble Sync CL Data A Midamble Header Data B
d.1 do d31
\i l Precoding
Precoded
o Uplink radio burst

i To GMSK modulator

Figure Q.2 — Precoding applied to a UL-B transmission

Test vectors are provided in Appendix Q.Z.
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Q.2.4.5.1.3 Signal Mapping of Precoded GMSK

1 0
Im Im Im Im
1 Re 0 Re 0 Re 1 Re
0 1
t=T, t=To+AT t=To+2:AT t=To+3-AT

Figure Q.3 — Signal mapping of precoded GMSK

Figure Q.3 shows an idealized signal mapping between phase and data bits for precoded GMSK. The
binary values in the figure denote the data bits in the UL-B transmission, Ty is the start time, and
5 AT = 1/fenip i1s the chip period. The representation repeats every 4 bits.

Q.2.4.5.1.4 GFSK Modulation

All DL-B sub-modes defined in Table Q.6, shall be GFSK modulated with the modulation parameters
defined in Table Q.8.

Q.2.45.1.,5 Signal Mapping of GFSK

10 A transmitted Op shall use the lower frequency deviation -fgey and a transmitted 1» shall use the upper
frequency deviation +fgey (see Figure Q.4).

Op 1y
| | |
| | |

'fdev fc +fdev

Figure Q.4 — Signal mapping of GFSK
Q.2.4.5.2 Forward Error Correction Coding (FEC)

15 Q.2.45.2.1 Common FEC Encoding Scheme

All forward error correction (FEC) of Burst Mode is enabled using convolutional coding. Independent of
whether the bursts to transmit is Single-burst or Multi-burst and independent of whether to encode the
coded header or the Coded Payload, the calculations are based on the same common encoding
scheme.

20  The basis for the coding is a recursive systematic convolutional encoder (RSC) with a code rate of 1/4
and a constraint length of 7. The computation is illustrated in Figure Q.5.

Test vectors are provided in Appendix Q.Z.
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o e e e ]
Input: Data | . | . Output: Systematic FECTail 0
(Brec bits) T 1/g0 > 80 i > (Brec bits) (6 bits)
| o 1 | Output: FEC parity 1 FECTail 1
| > g i > (Brec bits) (6 bits)
| o 2 | Output: FEC parity 2 FEC Tail 2
| > & i > (Brec bits) (6 bits)
| o 3 | o Output: FEC parity 3 FEC Tail 3
| > & i g (Brec bits) (6 bits)

L |

Figure Q.5 — Block diagram of systematic convolutional encoder, rate 1/4

The length of the four outputs, Brgc, is always identical to the length of the input. In addition, each
encoding also outputs 6 tail-bits.
Q.2.4.5.2.2 FEC Polynomial
A total number of four polynomial are used for the generation of the four outputs:
0o = 4Dn (115 octal)
g1 = 73n (163 octal)
g2 = 67h (147 octal)
0z = 5Dn (135 octal)

Q.2.4.5.2.3 Input Data

The Input Data is the data to be FEC encoded. The length of the Input Data is denoted as Bpg.. For
Coded Payload, the Input Data of length B is the PHY Payload field of B, bits and the 7/8-padding of
Bpaa7s bits, field if present, Brgc = Bp + Bpqq75- Se€ subclause Q.2.4.4 for details on Coded Payload.

For Coded Header, the Input Data has a fixed length of Bpz. = 28 bits. See subclause Q.2.4.3.1.9 and
Q.2.4.3.2.5 for details.

Q.2.4.5.2.4 Systematic Output

The systematic output is identical to the input data and with the same length, Bgg.

Q.2.4.5.2.5 FEC Parity

The output FEC parities are all of the same length, Bz, as the input data. In this protocol different
subsets of the three output FEC parities are used. These subsets are generated using puncturing as
described in the following subclauses.

Q.2.4.5.25.1 FEC Parity 1/ FEC Parity CH1
The full output FEC parity 1 / FEC Parity CH1 of length Bpg. without puncturing.

Q.2.45.25.2 FEC Parity 2/ FEC Parity CH2

The full output FEC parity 2 / FEC Parity CH2 of length Bpg. without puncturing.
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Q.2.45.25.3 FEC Parity 3A
A punctured subset of output FEC parity 3 with length @ using the following puncturing pattern:

P, = 1000000b

NOTE: Then length of the puncturing pattern is 7 bits.

Q.2.4.5.25.4 FEC Parity 3B
A punctured subset of output FEC parity 3 with length @ using the following puncturing pattern:

P = 0100000b

NOTE: Then length of the puncturing pattern is 7 bits.

Q.2.45.25.5 FEC Parity 3C

B
h FEC

A punctured subset of output FEC parity 3 with lengt .

using the following puncturing pattern:

P;c = 0010000b
NOTE: Then length of the puncturing pattern is 7 bits.

Q.2.4.5.2.6 FEC Talil
All FEC tail-bits have a fixed length of 6 bits. To generate the FEC tail-bits the convolutional encoder
shall be terminated in an all zero state.

Q.2.4.5.3 Interleaving

Q.2.4.5.3.1 Common Interleaving Scheme

The Coded Payload for all individual bursts (both Single-bursts and Multi-bursts) are interleaved using
a common interleaving scheme. The interleaver rearranges the elements of its input vector (Coded
Payload) without omitting or repeating any elements to its output vector (Data) using a pseudo-random
permutation.

Test vectors are provided in Appendix Q.Z.

The computation is illustrated in .

Input: Content Pseudo-random Output: Data
(Bcp bits) interleaver (Bgp bits)

4

Figure Q.6 — Block diagram of pseudo-random block interleaver
The length of the output vector is always identical to the length of the input vector.
Q.2.4.5.3.2 Pseudo-random Interleaver
The pseudo-random permutation is calculated using the following equation:
s(i) = (188527 - i) modulo Bgp fori € {0,1,2, ... Bop — 1} (Q.14)

where i is the bit index of Coded Payload and B, is the total number of bits. The output, s(i), denotes
the corresponding bit index of the Data.
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Q.2.4.6 Timing

Q.2.4.6.1 Uplink Timing

The timing of uplink transmissions between the individual bursts is depending on whether uplink Single-
burst or uplink Multi-burst is applied. Information on whether an uplink frame is applying uplink Single-
burst or uplink Multi-burst is contained in the uplink coded header, see Q.2.4.3.1.9.

An uplink transmission can be a part of an uplink communication session used for the transmissions of
multiple datagrams (see Q.3.3.6).

Q.2.4.6.1.1 Uplink Single-burst

For uplink Single-burst, the synchronous timing, tacc, of [EN13757-4] shall be applied as shown in
Figure Q.7.

X X X

uLo uLo uLo

tacc tacc
Figure Q.7 — Synchronous timing of uplink Single-burst

For uplink Single-burst an uplink frame consists of only one individual burst, ULO. The synchronous
timing of [EN13757-4] is in this case applied between ULO of one frame and ULO of the following frame.
No further definition of uplink timing is required in case of uplink Single-burst.

Q.2.4.6.1.2 Uplink Multi-burst
For uplink Multi-burst, the synchronous timing, tacc, of [EN13757-4] shall be applied as shown in

Figure Q.8. The synchronous timing is applied between frames.

TXO X1 X2 X0 X1 X2 X0 X1 X2
uLl uL2 uL3 uLl uL2 uL3 uLl uL2 uL3

tacc tacc

Figure Q.8 — Synchronous timing of uplink Multi-burst

For uplink Multi-burst an uplink frame consists of three individual bursts, UL1, UL2 and UL3. The
synchronous timing of [EN13757-4] is in this case applied between UL1 of one frame and UL1 of the
following frame.

The timing between the individual bursts of uplink Multi-burst is shown in

Figure Q.9.
TX0 X1 TX2
uLl uL2 uL3

ta tg

Figure Q.9 — Burst timing of uplink Multi-burst
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The timing between UL1 and UL2, t,, is calculated as:

TIV-64
ta = 0,75 tyypse + itter * ot (le)
The timing between UL2 and UL3, tg, is calculated as:
TIV-64
tg = 1,25 - tyyrse + Litter T ez (Ql6)

The timing input value (T1V) is included in the coded header. This value ranges from 0 to 127. See also
subclause Q.2.4.3.1.9.4.

The other timing parameters are as specified in Table Q.21.

Table Q.21 — Timing parameters — uplink Multi-burst

Parameter Ulrjllll_rjll?fls,uL?Lr-%OZC,ie Uplinltjil_Jéal-lmode
UL-B3

tyurst — Short spacing 9s 3s

tyurst — Medium spacing 27s 9s

tyurst — lONQ spacing 48 s 16 s

Liitter 3s ls

The selected Multi-burst spacing is indicated in the uplink coded header, see section Q.2.4.3.1.9.

A bidirectional OMS end-device operating on UL-B1/UL-B2/UL-B3 should support short or medium
spacing. If only long spacing is supported, the response to a command should remain in the application
layer for at least 500 seconds.

NOTE: Long spacing on UL-B1/UL-B2/UL-B3 may cause a delay between TX0 of a SND-UD and the
TXO0 of the REQ-UD of more than 255 seconds (see command timeout defined in [OMS-S2], 8.2.5). To
ensure that the application's response to the command in the SND-UD does not timeout before the
REQ-UD?2 is received, the command timeout needs to be extended.

Q.2.4.6.2 Downlink Timing

The timing of downlink transmissions of Burst Mode is depending on whether uplink Single-burst or
uplink Multi-burst is applied and whether downlink Multi-burst is supported or not. Information on whether
an uplink frame is applying uplink Single-burst or uplink Multi-burst is contained in the uplink coded
header, see subclause Q.2.4.3.1.9. Information on whether downlink Multi-burst is supported or not is
contained in the MAC layer of the frame, see subclause Q.3.5.

Q.2.4.6.2.1 Downlink Single-burst after Uplink Single-burst

If uplink Single-burst is applied and downlink Multi-burst is not supported, only one downlink option at
RXO0 is applied as shown in

Figure Q.10.

X0 RX0 >0

= ;

tro tem

Figure Q.10 — Downlink options — downlink Single-burst after uplink Single-burst
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In this situation the gateway can transmit a downlink Single-burst, DLO, at downlink option RXO.

The response delay, tgo, can be chosen between fast, medium or slow response delay as shown in
Table Q.22. The response delay is indicated in the MAC layer of the uplink frame, see subclause Q.3.5.

Table Q.22 — tgo, downlink Single-burst after uplink Single-burst

Uplink sub-mode

Uplink sub-mode

Parameter UL-B1, UL-B2,

UL-B3 uL-B4
tro — fast response delay 45s 15s
tro — medium response 135s 45s
delay ' '
tro — Slow response delay 27s 9s

An uplink burst following the downlink burst can be transmitted after a precise response-to-uplink
delay, tzy- A total number of 3 different tg,, timing values can be requested by the NW-Manager, see
Table Q.23. If precise timing is not requested by the NW-Manager, the OMS end-device is free to choose
any tg, value up to the maximum response-to-uplink delay. See subclause Q.3.5 on details how to

manage precise tg,, timing.

Table Q.23 — tgy, uplink Single-burst after downlink Single-burst

Parameter

Uplink sub-mode
UL-B1, UL-B2,

Uplink sub-mode

UL-B3 UL-B4
tau — fast response-to-uplink 135s 45s
delay , |

try — Medium response-to- 27's 9s
uplink delay

try — Slow response-to-uplink 54 s 18s
delay

tgry — Maximum response-to- <50s <50s
uplink delay

Q.2.4.6.2.2 Downlink Multi-burst after Uplink Single-burst

If uplink Single-burst is applied and downlink Multi-burst is supported, three downlink option at RXO,
RX1 and RX2 is applied as shown in Figure Q.11.

DLO
DL1

DL2 DL3

X0

I

tro

tro tam

Figure Q.11 — Downlink options — downlink Multi-burst after uplink Single-burst

In this situation the gateway can transmit downlink Multi-bursts, DL1, DL2 and DL3, at downlink option
RX0, RX1 and RX2. Alternatively, the gateway may choose to transmit a Single-burst, DLO, at downlink
option RXO0. For this reason, OMS end-devices supporting downlink Multi-burst shall also support

downlink Single-burst.
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The response delay, tgy, can be chosen between fast, medium or slow response delay as shown in
Table Q.24. The response delay is indicated in the MAC layer of the uplink frame, see subclause Q.3.5.

Table Q.24 — tgo, downlink Multi-burst after uplink Single-burst

Uplink sub-mode :
Parameter UL-B1, UL-B2, Up"”ti‘_’é’;lm"de
UL-B3
tro — fast response delay 45s 15s
tro — medium response 1355 45s
delay ' '
tro — Slow response delay 27s 9s

An uplink burst following the downlink burst can be transmitted after a precise response-to-uplink delay,

5 tzm- A total number of 3 different tg,, timing values can be requested by the NW-Manager, see Table
Q.25. If precise timing is not requested by the NW-Manager, the OMS end-device is free to choose any
tgzy Value up to the maximum response-to-uplink delay. See subclause Q.3.5 on details how to manage
precise tg,, timing.

Table Q.25 — tgy, uplink Single-burst after downlink Multi-burst

Uplink sub-mode ;

Parameter UL-B1, UL-B2, Up“mtli?é);‘rmocje
UL-B3

trw — fast response-to-uplink 135s 45s
delay | ,
tgm — Medium response-to- 27 s 9s
uplink delay
tri — Slow response-to-uplink 54 s 18s
delay
try — Maximum response-to- <50s <30s
uplink delay

10 Q.2.4.6.2.3 Downlink Single-burst after Uplink Multi-burst

If uplink Multi-burst is applied and downlink Multi-burst is not supported, one or two downlink options at
RX0 and RX3 are possible as shown in

Figure Q.12.
™ RX3 ™ ™ RXO ™0
iNch) i)
/T/ tro tem
15 Figure Q.12 — Downlink options — downlink Single-burst after uplink Multi-burst

In this situation the gateway can transmit a downlink Single-burst, DLO, at downlink option RX0 and
RXS3.
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The response delay, tzy, can be chosen between fast, medium or slow response delay as shown in
Table Q.26. The response delay is indicated in the MAC layer of the uplink frame, see subclause Q.3.5.

Table Q.26 — tgo, downlink Single-burst after uplink Multi-burst

Uplink sub-mode :
Parameter UL-B1, UL-B2, Up"”ﬁﬁ‘_’é’;lm"de
UL-B3

ty ty
tro — fast response delay tro = > tro = >
tro — medium response P b=t
de|ay RO — *A RO — *A
tro — Slow response delay tho =21 tro =21,

An uplink burst following the downlink burst can be transmitted after a precise response-to-uplink
5 delay, tgy- A total number of 3 different tz,, timing values can be requested by the NW-Manager, see
Table Q.27. If precise timing is not requested by the NW-Manger, the OMS end-device is free to
choose any tg,, value up to the maximum response-to-uplink delay. See subclause Q.3.5 on details
how to manage precise tg,, timing.
Table Q.27 — tgy, uplink Multi-burst after downlink Single-burst

Uplink sub-mode ]

Parameter UL-B1, UL-B2, Up""'l‘Jf‘_‘BbAmOde
UL-B3

try — fast response-to-uplink M ta —_— ta
delay RM — 2 RM — 2
trm — Medium response-to- b — ¢ fou =t
uplink delay kM = "4 kM = "4
try — Slow response-to-uplink
d}gilay P P try = 2° 0y try =278
tgry — Maximum response-to- <50s <50s
uplink delay

10  Thetime interval, t,, is as defined in Q.2.4.6.1.2. Whether additional reception options is enabled or not
is indicated in the MAC layer of the uplink frame, see subclause Q.3.5. The downlink options of these
two situations are shown in Table Q.28.

Table Q.28 — Downlink options — downlink Single-burst after uplink Multi-burst

érclj:litligdnal reception options Downlink options
No RX0

Yes@ RX0 + RX3

a Only fast response delay, tg,, shall be applied (see Table Q.26)
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Q.2.4.6.2.4 Downlink Multi-burst after Uplink Multi-burst

If uplink Multi-burst is applied and downlink Multi-burst is supported, three or six downlink options at
RX0, RX1, RX2, RX3, RX4 and RX5 are possible as shown in Figure Q.13. The downlink options are
grouped; RX0 + RX1 + RX2 form the first group and RX3 + RX4 + RX5 form the second group.

TX0 RX3 TX1 RX4 RX5 TX2 RX0 RX1 RX2 TX0

DLO DLoO
bL1 DL2 DL3 bL1 DL2 DL3

tro tro tro tro tro tro tam

Figure Q.13 — Downlink options — downlink Multi-burst after uplink Multi-burst

In this situation the gateway can transmit downlink Multi-bursts, DL1, DL2 and DL3, at downlink option
RX0, RX1, RX2, RX3, RX4 and RX5. Alternatively, the gateway may choose to transmit a downlink
Single-burst, DLO, at downlink option RX0 and RX3. For this reason, OMS end-devices supporting
downlink Multi-burst shall also support downlink Single-burst. The OMS end-device can, if needed,
indicate a maximum receive duration as described in Q.3.5.2.4 to allow an appropriate hardware design.

The response delay, tgq, can be chosen between fast, medium or slow response delay as shown in
Table Q.29. The response delay is indicated in the MAC layer of the uplink frame, see subclause
Q.3.5.

Table Q.29 — tgo, downlink Multi-burst after uplink Multi-burst

Uplink sub-mode .
Parameter UL-B1, UL-B2, Up“”'ijitlgglmOde
UL-B3

ty ty
tro — fast response delay tro = > tro = >
tro — medium response P A
delay RO ~ '4 ro = la
tro — Slow response delay tho =2ty tho =2ty

An uplink burst following the downlink burst can be transmitted after a precise response-to-uplink
delay, tgy- A total number of 3 different tz,, timing values can be requested by the NW-Manager, see
Table Q.30. If precise timing is not requested by the NW-Manager, the OMS end-device is free to
choose any tg), value up to the maximum response-to-uplink delay. See subclause Q.3.5 on details
how to manage precise tg,, timing.
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Table Q.30 — tgy, uplink Multi-burst after downlink Multi-burst

Uplink sub-mode .

Parameter UL-B1, UL-B2, Uplmlﬁ,ijg;m()de
UL-B3

try — fast response-to-uplink A ta M ta
delay ) )
trn — Medium response-to- o = ¢ to =t
uplink delay Rm 4 R4
try — Slow response-to- _ . — 9.
uplink delay L =2 ta faw = 2t
try — Maximum response-to- <50s <50s
uplink delay

The time interval, t4, is as defined in Q.2.4.6.1.2.

Whether additional reception options are enabled or not is indicated in the MAC layer of the uplink frame,
see subclause Q.3.5. The downlink options of these two situations are shown in Table Q.31.

Table Q.31 — Downlink options — downlink Multi-burst after uplink Multi-burst

Additional reception options Downlink options

enabled P

No RX0 + RX1 + RX2

Yesa RX0 + RX1 + RX2 + RX3 + RX4 +
RX5

a Only fast response delay, ti,, shall be applied (see Table Q.29)

Q.2.4.6.3 Timing Tolerances

For the OMS end-device, the timing tolerances of all timing parameters of Burst Mode, t,¢c, t4, tg and
try, Shall follow the definition of both the static and the dynamic tolerances according to [EN13757-4]
subclause 12.6.2. The mentioned non-accumulative jitter shall only be used for tacc. For the other
parameters, a hon-accumulative jitter of up to +0,5 ms shall be applied.

For the gateway, the tolerances of the timing parameter, tro, shall be limited to -20/+30 ppm. A non-
accumulative jitter of up to £0,5 ms shall be applied.

If the gateway only received the first individual uplink burst at TX0 of a Multi-burst transmission, it can
still respond in RX0 as long as it complies with the required tolerances. The time from gateway reception
to gateway transmission will in this case be trxoorxo = ta + tg + tro-

The OMS end-device shall consider the scenario where only the first individual burst is received in the
gateway together with its own timing tolerance when opening the listening windows.

Example 1:

An OMS end-device transmits Multi-burst using sub-mode UL-B4 with long spacing, a TIV-value of 64,
and applying fast response delay. It has a negative timing tolerance of max. -30 ppm and a positive
tolerance of max. +80 ppm. If only the first individual uplink burst at TX0 was received, the downlink in
RXO0 will be transmitted with following tolerance:

(Q.17)

trxo-rxo = (t4 + tp + tro) - (1 £ total tolerance) t tyon-acc.jitter
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20+ 30
106
30+ 80
106

trxo-rxo(min) = (12 +20 +6) - (1 - ) —0,0005=37,9976 s

trxo-Rrx0(max) = (12 +20 +6) (1 + ) + 0,0005 = 38,0047 s

Example 2:

Given the same situation as in Example 1, but where the reception happens in last reception slot RX2,
the downlink tolerances are:

trxosrxz = (b4 + tg + 3 - tro) - (1 L total tolerance) * tyon—acc jitter (Q.18)

20+ 30
106

trxo-Rrx2(min) = (12 +20+3:6) - (1 - ) —0,0005 =49,9970 s

30+80

Erxoorxzman = (12 +20 +3-6) - (1 +222) 40,0005 = 50,0060 s

Q.2.4.6.4 Synchronous Transmission

The OMS end-device shall support a synchronous uplink transmission timing according to [OMS-S2],
4.3.2.1. The individual transmissions interval t,-. of the synchronous transmission shall be calculated
from the nominal transmission interval tyoy, according to [EN13757-4], 12.6.2. The nominal
transmission interval shall be less or equal to the limits in Table Q.32.

Table Q.32 — Nominal transmission interval

Mode tyom (Max)
UL-B1

UL-B2 120 min
UL-B3

UL-B4 15 min

Q.2.4.6.5 Reference time point

Q.2.4.6.5.1 General

Reference time point is used to enable precise timing of PHY-layer and for application means.

Q.2.4.6.5.2 PHY layer reference time point

To enable precise timing of the physical layer, a reference time point within a transmission is defined.
For Burst Mode only one reference time point within a burst is needed. All PHY timing like t,, tg, tgo
and tg,, refer to this reference time point within a burst.

The reference time point within a burst in both directions is defined as the time point after the complete
transmission of the Sync-field. Which burst to be considered is shown in the respective figures of clause
Q.2.4.6.1and 0.

The reference time point within the first burst of a Multi-burst transmission is called To. The reference
time point within the last burst of a Multi-burst transmission is called T2. In case of Single-burst
transmission there is only one transmitted burst. In this case To = Ta.

These definitions of To and T2 are mainly used for the definition of timings and delays on the MAC-layer,
see subsection Q.3.
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Q.2.4.6.5.3 Application reference time point

To enable precise timing of the application in the case of a Multi-burst transmissions scheme, a
reference time point is defined. Reference time point of application is e.g. needed for the timing of data
elements in the uplink direction or the timing of a clock setting command in the downlink direction. The
time point within the burst is as defined in subclause Q.2.4.6.5.2 and the burst of interest is defined as:

Uplink Single-burst: The single burst, ULO (To).

Uplink Multi-burst: The first individual burst, UL1 (To).

Downlink Single-burst: The single burst, DLO, transmitted in the primary time slot, RXO0.
Downlink Multi-burst:  The first individual burst, DL1, transmitted in the primary time slot, RX0.

In some situations, the downlink transmission is received in another receive time slot than RX0. In such
cases, the time difference, At, to the reference time point in RX0 shall be calculated as follows:

DL2 reception at RX1: At = —tgg (Q.19)
DL3 reception at RX2: At = =2 -tpy (Q.20)
DLO/DL1 reception at RX3: At =t, + tg (Q.21)
DL2 reception at RX4: At =ty (Q.22)
DL3 reception at RX5: At =ty — tgo (Q.23)

The gateway shall use the start time To for assigning a timestamp to a received radio frame of an OMS
end-device. Only with this concept the correct time assignment e.g. to metering values contained in the
radio frame is guaranteed.

Q.2.5 Technology — Splitting Mode (UL-S / DL-S)

Q.2.5.1 Introduction

Splitting Mode is an OMS variant of the TS-UNB protocol family defined in clause 6 of [ETSI 103 357].
The Splitting Mode specification uses references to [ETSI 103 357] wherever applicable. It uses the so-
called TSMA (telegram splitting multiple access) technology. Deviations from [ETSI 103 357] are clearly
defined in the following subclauses.

The term “symbol” is introduced for the Splitting Mode to enable a consistent description with
[ETSI 103 357]. Here a chip is mapped on one symbol, hence the chip rates are of the same value as
the symbol rates. Accordingly, chip time periods are of the same value as symbol time periods.

In Splitting Mode, the transmission of a radio-frame is split into several short radio-bursts, which are
distributed over time and frequency within the radio-frame. The functional set of radio-bursts belonging
to one datagram are called radio-frame. A radio-frame is further divided into a core frame and an
extension frame. The radio-bursts within a radio-frame are spread over time and frequency by defined
hopping patterns.

Figure Q.14 and Figure Q.15 provide an overview of the Splitting Mode technology for uplink and
downlink.
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The transmitter parameters for Splitting Mode shall be as given in Table Q.33 for uplink (UL-S) and
Table Q.34 for downlink (DL-S).

Table Q.33 — Uplink transmitter parameters for Splitting Mode, UL-S

Characteristic | Symbol e min. nom. Max. Unit Note
mode
Reference
Frequenc frequency
tolgrancey frol UL-S (all) -20 0 20 ppm | tolerance of the
OMS end-
device
Carrier spacing fear UL-S (all) e 2380,371 e Hz
Carrier spacing Across 24
accuracy fear_arife | UL-S (all) -20 0 20 Hz :::(;ze&l:rté\ﬁ
GMSK
bandwidth- BT UL-S (all) 1,0 1,0 1,0
time product
GMSK _ +/- 100 ppm
chip rate fenip UL-S (all) | 2380,132 | 2380,371 | 2380,609 cps tolerance ¢
Data rate DR UL-S (all) fenip
GFSK 2
deviation faev UL-S (all) 590,0 595,093 600,0 Hz
Burst drift @ Epurst_arife] UL-S (all) - 105 trp(s) 105 HS
a If radio equipment is not directly supporting a GMSK, it can be achieved by using a GFSK and
selecting an appropriate frequency deviation. Only in this situation this value is applicable.
b Includes spreading of carrier spacing caused by the crystal tolerance up to +/-15 Hz for 20 ppm
crystal offset
¢ Also Includes the crystal offsets of up to 20 ppm
d Tolerance of the pairwise transmission time of radio burst to nominal time over 24 successive radio

bursts. Includes spreading of time positions caused by the crystal tolerance, which is 70 ps at
20 ppm crystal offset.

e Absolute tolerance is depending on the number of bursts respecting the carrier spacing accuracy.
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Table Q.34 — Downlink transmitter parameters for Splitting Mode, DL-S

ovMsS|°

Characteristic | Symbol rﬁgge min. nom. Max. Unit Note
Reference
Frequency DL-S i frequency
tolerance Jrol (all) ! 0 ! PPM 1 tolerance of the
gateway
DL-S1 -250 0 250
Centre DL-S2 -250 0 250
frequency Jorec Hz
precision a DL-S3 -500 0 500
DL-S4 -2000 0 2000
Carrier spacing fear 3;‘”)8 d 2380,371 d Hz
DL-S1
DL-S2 -2 0 2 Hz
Carrier spacing f _ Across 18 radio
accuracy cararift | pL-S3 -4 0 +4 Hz bursts
DL-S4 -16 0 +16 Hz
DL-S1 | 2380,359 2380,371 2380,383 +5 pom
GMSK i DL-S2 | 2380,350 | 2380,371 | 2380383 | _ toTergﬁce .
chip rate chip DL-S3 4760,718 4760,742 4760,766 P
DL-S4 | 19042,873 | 19042,968 19043,063
Data rate DR [2;‘”)8 fenip
DL-S1 590,0 595,093 600,0
GFSK ® f DL-S2 590,0 595,093 600,0 Hz
deviation dev DL-S3 1180,0 1190,186 1200,0
DL-S4 4720,0 4760,74 4800,0
a Centre frequency precision denotes the precision of the centre frequency of downlink transmissions

relative to the tolerance of the end device measured on the preceding uplink transmission.

b If radio equipment is not directly supporting a GMSK, it can be achieved by using a GFSK and
selecting an appropriate frequency deviation. Only in this situation this value is applicable.

¢ The +- 5 ppm are relative to the expected data rate of the end node. The base station is adjusting
the data rate after an uplink Reception.

d Absolute tolerance is depending on the number of bursts respecting the carrier spacing accuracy.
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Q.2.5.3 Structure and Synchronization
Q.2.5.3.1 Uplink Structure and Synchronization

Q.2.5.3.1.1 Radio Burst

The Splitting Mode uplink transmission consists of several radio bursts in each radio frame. Each radio
burst shall consist of one 12-bit long pilot sequence (PS field) and two accompanying 12-bit long data
fields (DATA_A, DATA_B) according to Table Q.35.

Table Q.35 — Uplink Radio Burst format

DATA_A PS DATA B
12 bits 12 bits 12 bits

The DATA fields are filled according to the rules described in Q.2.5.5.5.

A 36-byte long synchronization sequence is split into pilot sequences (PS) of 12 bit, distributed over the
core frame and recombined in the gateway for proper receiver synchronization. The PS field shall be
filled with the resulting 12-bit pilot sequence (0,1, 1,1,0,1,0,0,0,0, 1, 0).

The PS field of each radio bursts in the extension frame (clause Q.2.5.3.1.2.3) shall be filled with the
sequence (0,1,0,0,1,1,1,1,1,0,1,0).

NOTE: The “sync-burst Data Unit” of [ETSI 103 357], clause 6.4.2.1.2 is not supported by the Splitting
Mode as the approach of low complexity receivers are solved by the respective sub-modes of the Burst
Mode.

Q.2.5.3.1.2 Radio-Frame

Q.2.5.3.1.2.1 Overview

The radio frame of the Splitting Mode uplink transmission shall consist of a core frame, followed by an
additional extension frame, if the PHY payload length exceeds the minimum of 186 bits (see Figure
Q.14). The maximum PHY payload length that can be transmitted is 2066 bits

Q.25.3.1.2.2 Core Frame

The uplink core frame shall consist of 24 radio-bursts transmitting the minimum PHY payload length of
186 bits.

Q.2.5.3.1.2.3 Extension Frame

The uplink extension frame structure shall be derived from the information of the core frame according
to clause Q.2.5.7.4.2. For each additional byte in the PSDU, the frame shall be extended by one radio-
burst.

Q.2.5.3.2 Downlink Structure and Synchronization

Q.2.5.3.2.1 Radio Burst

The radio burst of the downlink transmission in Splitting Mode shall be formatted according to Table
Q.36. The optional DATA_B and DATA_C fields shall not be used for transmission of the core frame,
only for the extension frame.
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Table Q.36 — Downlink Radio Burst format

10

15

20

25

30

DATA_B PS_DA DATA_A PS DB DATA_C
Optional Mandatory | Mandatory | Mandatory Optional
12 bits 8 bits 12 bits 8 bits 12 bits

The radio burst in the downlink shall consist of at least one 12-bit data field DATA_A, accompanied by
two 8-bit long pilot sequence fields PS_DA and PS_DB. The data fields DATA_B and DATA_C shall be
added dependent on the PSDU length (see clause Q.2.5.3.2.2.3.1). The optional DATA_B and DATA_C
fields shall not be used for transmission of the core frame.

The DATA fields are filled according to the rules described in Q.2.5.5.5.

NOTE: The “sync-burst Data Unit” of [ETSI 103 357], clause 6.4.3.1.2.2 is not supported by the Splitting
Mode as the approach of low complexity receivers are solved by the respective sub-modes of the Burst
Mode. Also, the downlink Single-burst (DL-SB) mode of [ETSI 103 357], clause 6.4.3.1.1 is not
supported by the Splitting Mode as the approach of low complexity in the downlink are solved by
respective sub-modes of the Burst Mode.

Q.2.5.3.2.2 Radio Frame

Q.2.5.3.2.2.1 Overview

The radio frame of the Splitting Mode downlink transmission shall consist of a core frame, followed by
an extension frame (see Figure Q.15). The core frame is used as wakeup and provides the timing
information for the following extension frame. The succeeding extension frame shall be indicated in the
core frame.

The maximum PHY payload length that can be transmitted is 2066 bits, the minimum is 82 bits.

Q.25.3.2.2.2 Core Frame

Q.2.5.3.2.2.2.1 Introduction

The downlink core frame shall consist of 9 radio bursts according to the structure described in clause
Q.2.5.3.2.1, where only the first 9 carrier numbers of the downlink pattern according to Table Q.59 and
the first 8 time differences according to Table Q.58, or Table Q.60 shall be used. Pilot sequence field
PS_DA and pilot sequence field PS_DB of each radio-burst in the core frame shall be filled with the
encoded bits of the Sync field (see Q.2.5.3.2.2.2.3) according to the interleaving described in
Q.2.5.5.5.

Q.2.5.3.2.2.2.2 Format

The downlink core frame shall have the format according to Table Q.37.
Table Q.37 — Downlink Core frame

Sync CRC

48 bits

PHY Payload of Core frame
26 bits

4 bits

The PHY Payload of the Core frame is explained in detail in Q.2.5.4.2. Other fields not contained in the
PHY payload are explained in the following subclauses.
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Q.2.5.3.2.2.2.3 Sync

The Sync field shall be filled with the pilot sequences PS_A and PS_B of the extension frame radio-
burst (Table Q.39) according to Table Q.38.

Table Q.38 — Sync field in variable MAC mode

Bits: 0-7 8-15 16-23 24-31 32-39 40-47
PS A PS B PS_A PS B PS_A PS B

Q.2.5.3.2.2.2.4 Downlink Core Frame CRC

The downlink core frame CRC shall be 4 bit and calculated (see Q.2.5.5.3) over the 26 bits “PHY
Payload of Core frame” shown in Table Q.37.

Q.2.5.3.2.2.3 Extension Frame

Q.2.5.3.2.2.3.1 Introduction

The extension frame is used to transmit the PSDU data with a minimum of 56 bits (7 bytes) and a
maximum 2040 bits (255 bytes). The extension frame shall be divided into blocks of at most 24 bytes of
PSDU data per block. If the overall PSDU size is more than 24 bytes, multiple blocks shall be used for
transmission. Each block of the extension frame shall comprise 18 radio bursts according to clause
Q.2.5.3.2.1.

The radio burst of the extension frame shall use the pilot sequence PS_A to fill the pilot sequence field
PS_DA and the pilot sequence PS_B to fill the pilot sequence field PS_DB for all radio-bursts. PS_A
and PS_B are defined in Table Q.39.

Table Q.39 — Downlink Extension Frame pilot sequences

Pilot Sequence A (PS_A) (0,1,0,0,0,0,1,0)

Pilot Sequence B (PS_B) (1,1,1,0,1,0,0,0)]

The number of optional data symbols in data fields DATA_ B and DATA_C utilized for data transmission
is dependent on the number of symbols transmitted in the respective block of the extension frame.

The PSDU data shall be spread byte-wise evenly over the number of extension frame blocks required
to accommodate for the whole packet.

The number of blocks B that shall be used for the transmission shall be determined according to the
following formula:

B = [2’;4] (Q.24)

where P € {7,8 ...255}, shall be the PSDU size in byte.

The extension frame blocks shall be numbered in ascending order to their respective transmission time.
Block b = 1 shall be the block directly transmitted after the core frame, block b + 1 shall be transmitted
after block b.

The number of PSDU data bytes assigned to one block n, is a result of spreading the data evenly over
all blocks. In case the number of bytes is not a multiple of the number of blocks, the remaining bytes

n,=P— [EJ - B shall be assigned to the blocks in ascending order.
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FJ +1, forb<n,
» (Q.25)

= ng,forb>nr

The data bits assigned to one block shall be spread over the radio-bursts by filling the field DATA_A of
all bursts first and then consecutively filling the optional data fields DATA_B and DATA_C of all radio-
bursts evenly. The procedure is described in detail in clause Q.2.5.5.5.

Q.2.5.3.2.2.3.2 Format

The extension frame is sliced in maximal 11 blocks that shall have the format according to Table Q.40.

Table Q.40 — Downlink Extension Frame Blocks

PSDU |Reserved | CRC PSDU [Reserved |CRC PSDU [Reserved | CRC
Block Block Block
56 ... 2 bits 8 bits 96 ... 2 bits 8 bits ... 192 2 bits 8 bits
192 bits 192 bits bits
Block 1 Block 2 Block b

The overall PSDU (as shown as PSDU (Payload) in Table Q.42) is sliced into PSDU blocks of at most
24 bytes according to clause Q.2.5.3.2.2.3.1. A PSDU block is the variable size part of the overall PSDU
that is assigned to one block. The two bits after the PSDU block are reserved and shall be setto 0. The
8-bit CRC checksum shall be calculated over the used bits of the block PSDU (not the padding bits, see
Q.2.5.4.2.9) and the reserved bits according to clause Q.2.5.5.3.

The first byte of the overall PSDU will be located as first byte in the first PSDU Block (Block 1) and
accordingly for all following bytes.

Q.2.5.4 Content
Q.2.5.4.1 Uplink Content

Q.2.5.4.1.1 Introduction
The PHY Payload in uplink shall consist of the following fields in Table Q.41.
Table Q.41 — Uplink PHY Payload

PHR
PSDU (Payload) MMode
Header CRC | Payload CRC PSI
8 bits 8 bits 8 bits 160 ... 2040 bits 2 bits

Header CRC, Payload CRC and PSI form the PHY Header (PHR) influences the radio-burst
transmission time and frequency of the extension frame (Q.2.5.7.4.2).

Q.2.5.4.1.2 Header CRC
The Header CRC shall be 8 bit and calculated over Payload CRC and PSI as shown in Figure Q.16.
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]
' —
Hifdir P::yiid PSI PSDU MMODE
Size (bits) 8 8 8 160...2040 2

Figure Q.16 — Calculation of Header CRC

Q.2.5.4.1.3 Payload CRC

The payload CRC shall be 8 bit and calculated over MPDU and MMODE field as shown in Figure Q.17.
In case of zero padding (of PSDU) the padded zeros shall be omitted for the CRC calculation.

Y SR
CRC PSI MPDU Zero Padding MMODE
Payload
Size (bits) 8 8 8xPSI 160-8xPSI 2

Figure Q.17 — Calculation of Payload CRC

Q.2.5.4.1.4 Packet Size Indicator (PSI)

The Packet Size Indicator (PSI) field shall be 8 bit long and shall indicate the length of the MPDU
(= PSDU without zero padding) in bytes. According to the MAC layer definition (see subclause Q.3) the
valid value range for MPDU is from 6 to 255 bytes.

Q.2.5.4.1.5 PHY Service Data Unit (PSDU)

The PSDU may hold a variable length of up to 255 bytes of data. The minimum PSDU length shall be
20 bytes and shall be covered by the core frame.

The PSDU shall be filled with the MAC Protocol Data Unit (MPDU, see Q.2.5.4.3). If the MPDU size is
below 20 bytes, the PSDU shall be filled to 20 bytes by zero padding behind the MPDU. Therefore, a
minimum number of 20 bytes is always transmitted, regardless of the actual MPDU size. For CRC
calculation, the padded zeroes shall be omitted.

Q.2.5.4.1.6 MAC Mode (MMode)

The 2-bit long field MMode shall indicate which MAC mode is used. The MMode bits shall be set to (0,1)
to indicate the variable MAC mode as described in [ETSI 103 357], clause 6.4.2.3.6.

Q.2.5.4.2 Downlink Content

Q.2.5.4.2.1 Introduction
The PHY Payload in downlink shall consist of the following fields in Table Q.42.
Table Q.42 — Downlink PHY Payload

PSDU
EFI PSI TSI TDN THB | Reserved | MMode | FTM (Payload)
1 bit | 8 hits 5 bits 4 bits | 3 bits 2 bits 2 bits 1 bit | 56...2040 bits

It is based on the PHY Payload of [ETSI 103 357] Table 6-39 but provides additional options for
optimized energy buffer design and computing performance of the endpoints. The indication of these
different formats can be recognized by the FTM field (see Q.2.5.4.2.8).
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NOTE: By applying the timings defined for [ETSI 103 357] compatibility (see Table Q.45) any (already
existing TS-UNB) endpoint can understand the downlink frame.

The two reserved bits between THB and MMode shall be set to 0.

Q.2.5.4.2.2 Extension Frame Indicator (EFI)

The Extension Frame Indicator (EFI) field shall be one bit and indicates, that the core frame is followed
by an extension frame. The EFI bit shall always be set to 1 as Splitting Mode needs an Extension Frame
in any case.

Q.2.5.4.2.3 Packet Size Indicator (PSI)

The packet size indicator (PSI) shall be 8 bit long and shall indicate the length of the downlink MPDU
(= PSDU without zero padding) in bytes. According to the MAC layer definition (see subclause Q.3) the
valid value range for MPDU is from 6 to 255 byte.

Q.2.5.4.2.4 Transmission Start Time Indicator (TSI)

The transmission start time indicator (TSI) indicates the time interval between core frame and extension
frame. It shall consist of 5 bits, which are interpreted as an unsigned integer number ranging from 0 to
31. The time interval is measured from the last radio-burst of the core frame to the first radio-burst of
the first block of the extension frame and is measured from the middle of the pilot sequence of the two
radio-bursts. The time offset AT, (see Table Q.45) in number of chip time periods shall be calculated
from the TSI value according to the following formula:

ATrs; = Nrap * 512 - 1rgy, (Q.26)
with
1 for TSI =0
Trst = {(4 - TSI) for TSI > 0 @Q-27)

and N4 as the timing adaptation factor according to Table Q.46.

Q.2.5.4.2.,5 Time Delay Extension Frame (TDN)

The time delay extension frame (TDN) field indicates the time interval between blocks of an extension
frame. The time offset AT, (see Table Q.45) in number of chip time periods shall be calculated
according to the following formula:

ATgn = Npgp * 512 - rrpy, (Q.28)
with Ny, as the timing adaptation factor according to Table Q.46 and
rrpy defined by the 4-bit TDN field according to the following mapping Table Q.43.
Table Q.43 — Mapping of TDN field to rpy

TDN | 0 4 |56 ] 7819 10[411]12] 13 | 14 | 15
Trpn | 1| 6 | 10 | 14 | 18 | 26 | 34 | 42 | 50 | 58 | 70 | 82 | 94 | 106 | 118 | 130

=
N
w
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Q.2.5.4.2.6 Time Delay Half Block (THB)

The time delay half Block (THB) field indicates an additional time delay between the two radio-bursts
with index s=8 and index s=9 (the first radio burst starts at index s = 0 in number of chip time periods)
in each block of the downlink extension frame. The additional time delay ATy, (see Table Q.45) in
number of chip time periods shall be calculated according to the following formula:

AThb = 2 04‘8 ' T‘THB, (ng)
where rry5 is defined by the 3-bit THB field according to the following mapping Table Q.44:
Table Q.44 — Mapping of THB field to ryyg

THB] 0 | 1 | 2 | 3 | 4|5 | 6 | 7
remg| O | 4 | 7 | 10 | 13 | 16 | 19 | 31

Q.2.5.4.2.7 MAC Mode (MMode)
This field is as defined in Q.2.5.4.1.6.

Q.2.5.4.2.8 Flexible Timing Mode (FTM)

The FTM field shows the applied downlink timing mode. For the Splitting Mode it shall be set to 1 to
indicate the flexible timing mode structure as shown in Table Q.42.

Q.2.5.4.2.9 PHY Service Data Unit (PSDU)

The PSDU may hold a variable length of up to 255 bytes of data. The minimum PSDU length shall be 7
bytes. It is filled with the MAC Protocol Data Unit (MPDU, see Q.2.5.4.3). If the MPDU size is below 7
bytes, the PSDU shall be filled to 7 bytes by zero padding behind the MPDU. Therefore, a minimum
number of 7 bytes is always transmitted, regardless of the actual MPDU size.

Q.2.5.4.3 MPDU

The PSDU of uplink and downlink contains the MPDU (see Q.2.5.4.1.5 and Q.2.5.4.2.9 ). The first byte
of the MPDU is the MAC-TYPE field as defined in [ETSI 103 357] for the so-called variable MAC (see
Q.2.5.4.1.6). The pre-defined value of the MAC-TYPE for the introduction of the new wireless M-Bus
MAC according to Q.3 is 02n.

The length of the MPDU is minimum 6 bytes (MAC-TYPE, MHCTL][0], MAC CRC) to a maximum of 255
bytes.

NOTE: The following byte after MAC-TYPE will be the MHCTL][O] of the MAC layer.
Q.2.5.5 Functions
Q.2.5.5.1 Modulation

Q.2.5,5.1.1 Precoding

Prior to modulation, all Splitting Mode transmissions defined in Table Q.6 must be precoded. The
precoding operation is defined by:

C =dj—1 D dy (Q-30)

where dy, is the kth bit in the Splitting Mode transmission, c, is the k" precoded bit (chip), and €@ denotes
the exclusive-OR operation. For all cases, the seed bit is d_; = Op. Figure Q.18 illustrates the precoding
operation applied to a Splitting Mode transmission.
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Uplink radio burst Downlink radio burst
— = —
DATA PS DATA DATA PS DATA PS DATA radio burst
* Add seed bit
— —
0 DATA PS DATA 0 DATA PS DATA PS DATA J
d.1 do d-l dU
\i ¢ Precoding \i
c c Precoded
0 0 radio burst

* To GMSK modulator

Figure Q.18 — Precoding applied to a Splitting Mode transmission

Test vectors (of Burst Mode that applies an equal precoding) are provided in Q.Z.3.

Q.2.5.5.1.2 GMSK Modulation

5  All Splitting Modes shall be GMSK modulated with the modulation parameters defined in Table Q.33
and Table Q.34. In the case where a modulation index of 0,5 cannot be achieved, the GFSK deviation
frequency limits in Table Q.33 and Table Q.34 apply. A transmitted Op shall use the lower frequency

deviation —ff+i” and a transmitted 1p shall use the upper frequency deviation +ff+“’ as shown in Figure
Q.19.

Ob 1b
| | |
| | |
10 fe-fenip/ 4 fe ftfenip/4

Figure Q.19 — Signal mapping of GMSK

NOTE: For details on how to receive and transmit GMSK using a GFSK transceiver, see Appendix Q.D.

Q.2.5.5.1.3 Signal Mapping of Precoded GMSK

Figure Q.20 shows an idealized signal mapping between phase and data bits for precoded GMSK. The
15 binary values in the figure denote the data bits in the Splitting Mode transmission, T, is the start time,
and AT = 1/fcnp is the chip period. The representation repeats every 4 bits.
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t=To t=To+AT t=To+2-AT t=To+3-AT

Figure Q.20 — Signal mapping of precoded GMSK

Q.2.5.5.1.4 Chip Rate
The chip rate f;, of the (G)MSK Modulation shall be:
Uplink

. whinS = 3-26-10°-271" = 2380,371 cps for all UL-S modes

Downlink:
o fhnSt=3:26-10°-2715 = 2380,371 cps for mode DL-S1/DL-S2
. ohip>? =3-26-10°-27"* = 4 760,742 cps for mode DL-S3
. iy *=3-26-10°-271% = 19 042,969 cps for mode DL-S4
All chip rates can easily be derived from a 26 MHz reference frequency. The chip time period
Tenip COrresponds to the inverse chip rate of the respective mode, i.e. Tepip = 1/ fopip-
Q.2.5.5.2 Data Whitening
Data Whitening shall be done using the PN9 sequence defined in [IEEE 802.15.4].

In the uplink the complete PHY payload as shown in Table Q.41 shall be whitened.

In the downlink the core frame as shown in Table Q.37 as well as each extension frame block as shown
in Table Q.40 shall be whitened.

Q.2.5.5.3 CRC
The CRC code is defined by a polynomial of degree n:

Go(X) =x"+ gy x" 14+t g x2+ g xt+1 (Q.31)
with gi€{0,1}, ief{12,..,n—1}

The CRC calculation may be performed by means of a shift register containing n register stages,
equivalent to the degree of the polynomial. At the beginning of the CRC calculation, all register stage
contents are initialized with 1. After completion of the CRC calculation the CRC bits shall not be inverted
(no XOR).
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All 2-bit CRCs shall be calculated with the following parameters:
. 2-bit length (CRC-2)
e Polynomial: x2 + x* + 1 (Q.32)
e Initial value: 3n

All 4-bit CRCs shall be calculated with the following parameters:
e  4-bit length (CRC-4)
e  Polynomial: x* + x* + 1 (Q.33)
e |Initial value: Fn

All 8-bit CRCs shall be calculated with the following parameters:
. 8-bit length (CRC-8)
e Polynomial: x® +x” + x* +x3 +x* +1 (Q.34)
. Initial value: FFn

Q.2.5.5.4 Forward Error Correction Coding (FEC)
Forward error correction in uplink shall be done according [ETSI 103 357], clause 6.4.4.5.

Forward error correction in downlink shall be done according [ETSI 103 357], clause 6.4.5.4.2.

Q.2.5.5.5 Interleaving

Interleaving in uplink shall be done according [ETSI 103 357], clause 6.4.4.6. Interleaving in downlink
shall be done according [ETSI 103 357], clause 6.4.5.5.

Q.2.5.6 Timing

Q.2.5.6.1 General

Downlink data can only be transmitted after the reception of an uplink transmission. After sending an
uplink packet to the gateway, an OMS end-device may enable a 2-way session by opening a downlink
window for the reception of a gateway transmission. The downlink transmission shall start after the
response delay tg, (equals to AT, in [ETSI 103 357]) after the reception of the uplink transmission. All
necessary timing information are provided by the OMS end-device within the MAC layer (see
Q.3.5.2.1.2).

The NW-Manager can advise the OMS end-device with the downlink about an expected response-to-
uplink delay tgy (equals to ATy, in [ETSI 103 357]). This can be beneficial for the timing management
in the gateway, especially for battery driven gateways. If the NW-Manager does not request this precise
timing the OMS end-device is free to select any tg,, value up to the maximum response-to-uplink delay
of 50 seconds. See Figure Q.21 for an overview of the uplink/downlink scheduling.

The response delay tg, is defined as the time between T2 of the uplink transmission to To of the downlink
transmission. The response-to-uplink delay tg,, is defined as the time between T2 of the downlink
transmission to To of the next uplink transmission (see Q.2.5.6.4).
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Figure Q.21 — Uplink/Downlink Scheduling

Table Q.45 gives the time intervals for the uplink/downlink scheduling and provides the values for a full
[ETSI 103 357] compatible setup (see Q.2.5.4.2.8).

NOTE: Table Q.G.1 in Appendix Q.G shows the resulting absolute times for information.

5 Table Q.45 — Uplink/downlink time intervals
Para- Range of values Values for Associated Description
meter compatibility | Parameter Field
to [ETSI 103
357]
tro Ngap - 2 048 - 2870, 16384 DL-AC Time interval between UL and DL
with RTO according to Table Q.84 | @ RTO=3 (MAC Layer transmission in number of chip time periods
Melement_UA)
ATrg; Npap - 512 - gy, 2048 TSI Time interval between DL core frame and
with rrg; € {1,4,8,12,16, ... 124} > rrg =4 (DL-PHY DL extension frame in number of chip time
Core Frame) periods (see clause Q.2.5.4.2.4)
ATy, Nrap =512 - rrpy,s 512 TDN Time interval between blocks of DL
with rrpy according Table Q.43 = ryppy =1 (DL-PHY extension frame in number of chip time
Core Frame) periods (see clause Q.2.5.4.2.5)
ATy, 2 048 - rryp, 0 THB Additional time delay between the two DL
with rry € {0,4,8,12,16,20,24,48} 2> oy =0 (DL-PHY radio-bursts with burst index s=8 and burst
Core Frame) index s=9. The first radio burst starts at
index s = 0 in number of chip time periods
(see clause Q.2.5.4.2.6)
trm Ngur * 2 048 - 2RTO, No RTRM Time interval between DL and UL
with RTO according to Table Q.84 requirement (MAC Layer transmission in number of chip time periods
MElement_DA)
NOTE:  The chip time period T, = 1/fensp is based on the mode specific DL chip rates f.p,;,, (see Q.2.5.5.1.4)
Ng,r and Ny 4p are the adaptation factors as specified in Table Q.46.
RTO is the response timing option as specified in Table Q.84
Two mode dependent adaption factors are defined. These are the symbol adaption factor Ng,» and the
timing adaption factor N;,. They are defined as follows in Table Q.46:
Table Q.46 — Adaptation Factors
Sub-Mode Ngur Ny
DL-S1, DL-S2 1 1
DL-S3 2 1
DL-S4 8 2
OMS GROUP
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Q.2.5.6.2 Tolerances
The following Table Q.47 and Table Q.48 show the timing tolerances for uplink and downlink.

Table Q.47 — Timing tolerances uplink

Parameter Tolerance Description

ATgp 15t 1ast +/- 105 us Overall summed up tolerance from timing
of 1t radio burst to last radio burst within
the core frame and within each
consecutive 24 bursts of the extension
frame

trm +/-2ms Timing tolerance between downlink and
following uplink, see Table Q.45

Table Q.48 — Timing tolerances downlink

Parameter Tolerance Description
[chip time
periods] 2
tro +/-2 Timing tolerance between uplink and
following downlink, see Table Q.45
ATy, +/-2 Timing tolerance between downlink core
frame and extension fame, see Table
Q.45
ATy, +/- 0,5 Timing tolerance between blocks of
downlink extension frame, see Table Q.45
ATgp1 18 +/- 0,125 Overall summed up time tolerance of each
block for AT, =0
ATgp1 +/- 0,06125 Time tolerance of each half block for
ATRBlO,lB ATy, #0
ATy +/- 0,125 Time tolerance of half block distance, see
Table Q.45
a The chip time period T,y = 1/ fchip is based on the mode specific DL chip rates
fenip (s€€ Q.2.5.5.1.4)

Q.2.5.6.3 Synchronous transmission

The OMS end-device shall support a synchronous uplink transmission timing according to [OMS-S2],
4.3.2.1. The individual transmissions interval tacc of the synchronous transmission shall be calculated
from the nominal transmission interval ty,,, according to [EN13757-4], 12.6.2. The nominal
transmission interval shall be less or equal to the limits in Table Q.49.

Table Q.49 — Nominal transmission interval

Mode tnom (Max)
UL-S1

UL-S2 180 min
UL-S3
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Q.2.5.6.4 Reference time point

Q.2.5.6.4.1 General
Reference time points are used to enable precise timing of PHY-layer and for application means.

Splitting Mode has two reference time points in each uplink or downlink radio frame called To and To.
The start time To is defined as the middle of the first radio-burst of the core frame (see Figure Q.22 for
the explanation of “middle”). The end time T: is defined as the middle of the last transmitted radio-burst
of the radio frame.

Q.2.5.6.4.2 PHY layer reference time point

Several PHY timings refers to the two reference time points as explained in the respective chapters, e.g.
Q.2.5.6.1 for the definition of tz, and tgy.

Q.2.5.6.4.3 Application reference time point

The precise timing of the application requires the management of the reference time points in the OMS
end-device and in the gateway. As Splitting Mode radio frames can have a longer on-airtime (up to
minutes) it is essential to use the correct reference time point for the application.

The gateway shall use the start time To for assigning a timestamp to a received radio frame of an OMS
end-device. Only with this concept the correct time assignment e.g. to metering values contained in the
radio frame is guaranteed.

The OMS end-device shall use To of the downlink frame for its internal processing of the application
data. This is especially important in case of a time adjustment command (providing absolute time)
contained in the application data.

Q.2.5.7 Splitting Mode Details

Q.2.5.7.1 Scheme

The radio-bursts within a radio-frame are spread over 25 carriers in the uplink extension frame and 24
carriers in all other cases with a carrier spacing step size of Bg,.

In the uplink core frame, the downlink core and downlink extension frame the way the radio-bursts are
distributed over time and frequency is called pattern. A pattern consists of a set of carrier numbers and
time spacing defining the transmission time and frequency of the radio-bursts within the radio-frame.
The carrier numbers are chosen from a set of 24 carriers (C=0...23) with a carrier spacing of B.,. In
uplink the core frame of a radio-frame shall consist of 24 radio-bursts and in downlink the pattern shall
consist of 18 radio-bursts. In downlink the same pattern shall be used for the core frame and each block
of the extension frame.

In the uplink extension frame all 25 carriers are used for the transmission of radio-bursts. The carrier
numbers and time spacing are derived from the Header and the Payload CRC.

In uplink one pattern group called UPG with 8 different patterns is available.
In downlink one pattern group called DPG is available.

For the transmission of a radio-frame one pattern out of the pattern group shall be selected as described
in clause Q.2.5.7.4.1. The pattern shall vary from radio-frame to radio-frame. The start time To and the
start frequency f; of the pattern are varying between the different OMS end-devices.

[ETSI 103 357], Figure 6-17 shows a scheme of a radio frame.
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The radio-frame shall be transmitted on a channel with the channel centre frequency f, taking crystal
tolerances (see Table Q.33) and pseudorandom carrier frequency offset f, (¢ (see clause Q.2.5.7.3)
into account.

NOTE: If no frequency offset applies the nominal carrier frequency of carrier 12 is denoted as centre
frequency f. of the channel.

The transmission frequency frz(s) of radio-burst s (Radio-burst Frequency) is defined for the Splitting
Modes as:

fre(8) = fo + forrset + Nt - (Crp(s) — 12) * Bgg (Q.35)

where: Crp is the radio-burst carrier number according to the UL- or DL-pattern chosen
for the transmission of the radio-frame according to Table Q.51 for the uplink
pattern group (UPG) and Table Q.56 or Table Q.59 for the downlink pattern group
(DPG);

B¢y is the fixed carrier spacing step size of 2 380,371 Hz
Ny, is a stretching factor depending on the mode, where:
— N, = 1for all UL-S modes and DL-S1/S2
— N, = 2 for modes DL-S3 and DL-S4
When 24 carriers are used per UL or DL-pattern, the occupied bandwidth per radio frame is

— 57.13 kHz for sub-modes UL-S and DL-S1/S2 (BW_ 4 rier = 2 380,371 Hz).
— 114.26 kHz for sub-mode DL-S3 (BW_ gy rier = 4 760,742 Hz)
— 128.54 kHz for sub-mode DL-S4 (BW gy rier = 19 042,969 Hz)

The used bandwidth BW,,,...., Of one carrier in up- or downlink is considered to correspond to the
respective chip rate f.,;,, (see Q.2.5.5.1.4) and is shown in brackets.

The frequency offset f, ... is a variable radio-frame offset, which is calculated according to the following
formula:

foffset = Cgr " Beo (Q.36)

where: Crr determines the additional frequency offset in integer mulitples of B, selected
by the OMS end-device and set for every radio-frame depending on 7 bits of the
payload CRC in case of uplink (see clause Q.2.5.7.3).

If two radio channels (secondary channel; UL-S2, DL-S2) are used, the frame transmissions shall be
alternated between the two channels. The channel to be used for transmission in UL and DL shall be
derived from bit 7 of the payload CRC according to Table Q.50.

Q.2.5.7.2 Radio-burst Time

The start time T, of the first radio-burst s=0 of a radio-frame is chosen by the OMS end-device and
defined at the middle of the radio-burst. The distance time between two radio-bursts DTy (s) is defined
as the time difference between two radio-bursts measured from the middle of radio-burst s to the middle
of the previous radio-burst s-1 in number of chip durations as illustrated in Figure Q.22.
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Radio Burst s-1 Radio Burst s
PS-Start PS-End PS-Start PS-End
Y A A\ A\
Uplink Radio Burst Oa PS 0b Oa PS 0b
12 12 12 12 12 12
PS-Start PS-End PS-Start PS-End
N o _ Y Yy
r r
Downlink Radio Burst | Ob PS Oa PS Oc | Ob PS Oa PS Oc
- — - —
0.12 8 1 8 0..12 0..12 8 12 8 0..12
4 DTgg(s)————————— ™

Figure Q.22 — Definition of Radio-burst Time DT gg(s)

The distance time between two radio-bursts Time DTgg(s) is calculated according to the following
5 formula:

DTgp(s) = Trp(s) + Toffset (S) (Q.37)
where:
Trg is the initial radio-burst time in number of chip time periods according to the UL- or
DL-pattern chosen for the transmission of the radio-frame according to Table Q.52 for
10 UPG and Table Q.57, Table Q.58 and Table Q.60 for DPG

Torrsee  Is an additional delay of the time difference between two neighbouring radio-bursts in
number of chip durations. It shall be assigned according to:

- Toprsec(s) =0 for s € {1,2,..23} for all UL-S modes

For all downlink modes (DL-S1, DL-S2, DL-S3 and DL-S4), Tysss.: Shall be set as
15 follows:

Toffset(s) =0 fors #9 AND
- Toffset(g) = ATy for s =9
ATy, are specified according to Table Q.45 in clause Q.2.5.6.

Q.2.5.7.3 Carrier offset

20  For OMS LPWAN Splitting Mode a pseudo-random carrier offset Crr will shift the selected pattern start
frequency fr5(0) for every radio-burst of a frame as exemplarily shown in Figure Q.23. The resulting
transmission frequency fzz(s) is calculated as shown in formula (Q.35).
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Figure Q.23 — Carrier offset

Cgr shall be derived from payload CRCs (see Q.2.5.4.1.3). According to Table Q.50, bit 1 to bit 7 shall
be used as carrier offset random value v, to calculate the carrier offset Czr. Bit O of the associated
payload CRC shall be used for the selection of the channel if dual channel operation is activated (see
Table Q.6 and Table Q.80).

Table Q.50 — Bit representation of Payload CRC

Payload CRC Value Used as
Bit O (LSBit) 0/1  |Channel selection for frame transmission in dual
channel for mode UL-S1/S2 and DL-S1/S2
0: DL-S1
1: DL-S2
Bit 1 to Bit 7 (MSBIt) 0...127 |Carrier offset random value v,,

The variable carrier offset Cgrr shall be limited to a range in order to keep the signal within the channel
bandwidth B,. Depending on the transmission mode, the range of the carrier offset is configured by n.,
as follows:

- ng = 3 for all modes UL-S and DL-S1/S2 (carrier offset Cpr € {—1,0, ... 1})
- ng = 19 for mode DL-S3 (carrier offset Cxr € {—9, -8, ...9})
- mng =5 for mode DL-S4 (carrier offset Cpr € {—2,—1,...2})

The carrier offset shall be calculated for up- and downlink according to the following formula:

Crr = (v, modulo n,,) — [nc"/zj (Q.38)
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Q.2.5.7.4 Uplink Pattern

Q.2.5.7.4.1 Core Frame

The following Table Q.51 and Table Q.52 give the sets of radio-burst carrier Cxz(s) and initial radio-
burst time Ty (s) of the uplink pattern for all uplink modes UL-S. The used abbreviations are:
e s =radio burst index
e p =uplink pattern index
Table Q.51 — Radio-burst carrier set of Uplink Pattern Group (UPG)

S Crp(s)
p 0 1 2 3 4 5 6 7 8 9 10 | 11
1 5 21 |13 6 22 |14 1 17 9 0 16 8
2 4 20 | 12 1 17 9 0 16 8 6 22 |14
3 4 20 | 12 3 19 | 11 6 22 |14 7 23 | 15
4 6 22 |14 2 18 | 10 7 23 | 15 0 16 8
5 7 23 15 4 20 12 3 19 11 2 18 10
6 3 19 | 11 6 22 |14 2 18 | 10 0 16 8
7 3 19 11 1 17 9 5 21 13 7 23 15
8 0 16 8 6 22 |14 3 19 | 11 2 18 | 10
S Cre(s)
p 12 |13 |14 |15 |16 |17 |18 |19 |20 [21 |22 |23
1 7 23 | 15 4 20 | 12 3 19 | 11 2 18 | 10
2 7 23 | 15 2 18 | 10 5 21 | 13 3 19 |11
3 0 16 8 5 21 | 13 2 18 | 10 1 17 9
4 1 17 9 4 20 | 12 5 21 | 13 3 19 |11
5 6 22 | 14 0 16 8 1 17 9 5 21 |13
6 7 23 | 15 1 17 9 4 20 | 12 5 21 |13
7 0 16 8 2 18 | 10 6 22 | 14 4 20 | 12
8 4 20 | 12 7 23 | 15 5 21 |13 1 17 9
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Table Q.52 — Initial Radio-burst time set of Uplink Pattern Group (UPG)

S Tgp(s)

p 1 2 3 4 5 6 7 8 9 10 11 12
1 |330 |387 |388 |330 |387 |354 330 |387 |356 |330 [387 |432
2 |330 |387 435 |330 387 |409 |330 |387 [398 |330 387 |370
3 330 | 387 |356 |330 387 [439 |330 |387 |413 |[330 |387 |352
4 330 | 387 |352 |330 387 |[382 |330 |387 |381 [330 |387 |365
5 330 | 387 |380 |330 |387 |634 |330 |387 |360 [330 |[387 |393
6 330 | 387 |364 |330 (387 |375 |330 |387 |474 |330 |387 |355
7 330 | 387 |472 |330 |387 |546 |330 |387 |501 [330 |387 |356
8 330 | 387 |391 | 330 387 |[468 |330 |387 |512 (330 |387 |543
S Tgp(s)

p 13 14 15 16 17 18 19 20 21 22 23

1 330 | 387 |352 |330 (387 |467 |330 |387 |620 |330 |387

2 330 | 387 |361 |330 (387 |472 |330 |387 |522 |330 |387

3 330 | 387 |485 | 330 (387 |397 | 330 |387 (444 |330 |387

4 330 | 387 |595 | 330 (387 |604 |330 |387 |352 |330 |387

5 330 | 387 | 352 |330 (387 |373 |330 |387 490 |330 |387

6 330 | 387 |478 | 330 (387 |464 |330 |387 |513 |330 |387

7 330 | 387 |359 |330 (387 |359 |330 |387 |364 |330 |387

8 [330 |387 |354 |330 |387 [391 |330 (387 |368 |330 |387

For uplink, the Pattern 1-6 shall be used for uplink communication with the pattern sequence order
(1,2,3,4,1,2,3,4,5,1,2,3,4,5,6). The sequence is cyclically repeated. Pattern 7 shall be used for high
priority messages (e.g. alarms). Pattern 6 may be used for dedicated OMS end-devices which have high
coupling loss due to the radio channel and are typically located far from the base station. Other OMS
end-devices located near to the base station don’t use this pattern and does not introduce interference
for the dedicated OMS end-devices. The pattern 8 is reserved for future use.

Q.2.5.7.4.2 Extension Frame

The pattern for the extension frame in all UL-S modes is derived from information of the core frame. The
pattern of the extension frame is generated using a pseudo random number derived from the core frame
information.

A 16-bit Linear Feedback Shift Register (LFSR) shall be used to generate a random number R[s,] for
every s,-th radio-burst of the extension frame. The initial 16-bit seed for this LFSR R[0] shall be the
concatenated Header CRC and the Payload CRC as shown in Table Q.53. The highest bit of this seed
shall be always set to 1.

Table Q.53 — LFSR Seed R[0]

Bit 15 (MSBit) Bit 14 -8 Bit 7 — 0 (LSBit)
1 Header CRC [7 LSBits] Payload CRC

The polynomial for the Galois-LFSR in hexadecimal notation shall be B4F3h. For every radio-burst of
the extension frame, the LFSR shall be applied to derive the next 16-bit number. For radio-burst s, of
the extension frame, the number is given by:

R[s.] = LFSR(R[s, — 1]) (Q.39)
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where s, shall be (1) for the first radio-burst of the extension frame. The radio-burst time of radio-burst
s, in the extension frame shall be calculated by:

Trglse] = (337 + (R[s.] modulo 128)) (Q.40)

For the first radio-burst in the extension frame, this time denotes the delay between the centre of the
pilot chips of the last radio-burst of the core frame and the centre of the pilot chips of the first radio-burst
of the extension frame. The radio-burst carrier number for deriving the transmission frequency of the
radio-burst of the extension frame shall be calculated by:

Crglse] = I(R[s.]/256)] modulo 25 (Q.41)

It shall be emphasized that the carrier indices here range from C=0 to C=24, i.e. covering 25 carrier
indices, while for the core frame they range only from 0 to 23.

Q.2.5.7.5 Downlink Pattern

Q.2.5.7.5.1 Downlink Transmission Pattern Overview

Every downlink transmission starts with a core frame, which may be followed by an optional extension
frame. The extension frame shall be indicated by the core frame. The core frame consists of 9 radio-
bursts, each carrying 28 coded bits, as described in clause Q.2.5.5.5. The DATA B and DATA_C fields
of Table Q.36 are not used. The extension frame is subdivided into 1 to 11 blocks, each block comprising
18 radio bursts. The number of blocks B that shall be used for transmission is defined by the amount of
user data as described in clause Q.2.5.3.2.2.3.

For the core frame 8 fixed time-frequency patterns for the transmission of the corresponding radio-bursts
are specified in terms of tables. One of these must be selected for a downlink transmission.

The gateway shall select the downlink pattern based on the bit representation of the Header CRC (see
Q.2.5.4.1.2) in the preceding uplink transmission of the OMS end-device. The OMS end-device and the
gateway shall apply this downlink pattern index pp; according to the following formula:

ppr. = (vpymodulo 8) + 1 (Q.42)
vp,, IS specified according to Table Q.54.

Table Q.54 — Downlink pattern selection based on Header CRC

Header CRC Value Used as
Bit 0 (LSBit) to Bit 3 n.a. |Not used for pattern selection
Bit 4 to Bit 7 (MSBit) 0...15 |Downlink pattern selection value v,

The same pattern index pp, shall be used for the core frame and each block of the extension frame.
The start time of the extension frame may vary and shall be indicated by the 5-bit TSI field in the downlink
core frame (see clause Q.2.5.4.2.4).

The pattern index is calculated independent of the uplink mode (all UL-Sx). However, based on the
selected downlink modes the resulting pattern index leads to different downlink patterns (as explained
in Q.2.5.7.5.2 and Q.2.5.7.5.3).

The downlink transmission shall start at predefined time (see Q.2.5.6) after an uplink transmission.

The centre frequency f. p, of the downlink pattern is determined as:
feor = feuirx + for-ue (Q.43)

where: fcuLrx IS the centre frequency of the received radio-frame in the gateway, whereby
oscillator frequency deviations are considered here
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foL—u1 is the offset frequency between uplink channel and downlink channel centre
frequency as denoted in Table Q.55.

Table Q.55 — Uplink downlink frequency offsets

Uplink Uplink Downlink Downlink fpL-uL
Mode Frequency Mode Frequency

[MHz] [MHz] [MHz]
ULS1 868.180 DLS1 869.575 1.395
ULS2 868.080 DLS2 869.475 1.395
ULS3 868.520 DLS1 869.575 1.055
ULS3 868.520 DLS2 869.475 0.955
ULS1 868.180 DLS3/DLS4 869.525 1.345
ULS2 868.080 DLS3/DLS4 869.525 1.445
ULS3 868.520 DLS3/DLS4 869.525 1.005

Q.2.5.7.5.2 Downlink pattern for DL-S3 and DL-S4-mode

5 In downlink modes DL-S3 and DL-S4 each block shall consist of 18 radio-bursts, where 3 consecutive
radio-bursts are seamlessly joint together. Therefore 8 different pattern sets with 6 different carrier
frequencies for each group of 3 contiguous radio-bursts according to the following Table Q.56 shall be
used.

10 The used abbreviations in the following tables are:
e s =radio burst index
e poL = downlink pattern index

Table Q.56 — Radio-burst carrier set of Pattern Group for downlink modes DL-S3 and DL-S4

S Cre(s)

porN\)O |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15 |16 |17
1 |0 |0 |0 |21 )21 |22 |7 |7 |7 |16 |16 |16 |4 |4 |4 |19 |19 |19
2 123123123 |4 |4 |4 |13 |13 |13 |22 |22 |22 |2 |2 |2 |10 |10 |10
3 |3 |3 |3 |11 |11 |11 |20 |20 (20 |5 |5 |5 |14 |14 {14 19 |9 |9
4 |13 (13 |13 |20 |20 |20 |1 |1 |1 |15 |15 |15 |8 |8 |8 |17 |17 |17
5 |16 |16 |16 |2 |2 |2 |10 |10 |10 |23 |23 |23 |6 |6 |6 |18 |18 |18
6 |5 |5 |5 (1919 |19 |3 |3 |3 |11 |11 |11 |21 |21 |21 |12 |12 |12
7 (14 |14 114 |7 |7 |7 |22 122 122 |9 |9 |9 |17 |17 |17 |0 |0 |O
8 |12 |12 |12 |18 |18 |18 |6 |6 |6 |1 |1 |1 |15 |15 (15 |8 |8 |8

15  Table Q.57 and Table Q.58 show the initial transmission times Ty for the two downlink modes DL-S3
and DL-S4. The first 2 time durations Trz(1) and Tzz(2) in each table specify the 2 time differences
between the middle of the first radio-burst to the middle of the second radio-burst and from there to the
middle of the third radio-burst. In case of a core frame those durations are constant

Trp(1) = Trp(2) = 28.

20 For extension frame blocks the times are variable because the radio-burst size depends on the PSDU
size P € {1,2...255}. The equivalent applies to the other transmission time pairs Tgp(s) with (s =
{4,5},{7,8},{10,11},{13,14},{16,17}) of the remaining 5 groups of three consecutive radio-bursts for the
extension frame blocks. Table Q.57 and Table Q.58 show fixed time durations Ty for all core frame
radio-bursts and for extension frame radio-bursts with index s € {3,6,9,12,15}. The 5 associated Tgg

25 numbers represent the “inter-group” time distances.
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Table Q.57 — Initial Radio-burst time set of Pattern Group for downlink modes DL-S4

S Tgp(s)

po\] 1 |2 [3 [4 |5 [6 [7 |38 9 [120 [11 [12 [13 |14 |15 |16 ] 17
1 |core 500 |core 350 |core 400 |extension |450 |extension 300 |extension
2 |frame: 300 |frame: 450 |frame: 500 |frame 400 |frame 350 |frame

3 |Tgp =28 |450 |Tggp =28 |500 |[Trg =28 | 300 |block: 350 |block: 400 |block:

4 350 300 400 |variable 450 |variable 500 [|variable
5 |extension |[500 |extension [450 |extension | 350 |distance 400 |distance 300 |distance
6 |frame 400 |frame 350 [frame 300 500 450

7 |block: 350 |block: 450 |block: 450 300 450

8 variable 300 variable 400 variable 350 450 500

distance distance distance

NOTE: The chip time period T, is based on the DL-S4

Table Q.58 — Initial Radio-burst time set of Pattern Group for downlink modes DL-S3

S Trp(S)
poN] 1 |2 [3 |4 |5 |6 |7 |8 9 [10] 112 [12 |13 |14 |15 |16 |17
1 |core 250 |core 175 |core 200 |extension |225 |extension 150 |extension
2 |frame: 150 |frame: 225 |frame: 250 [frame 200 [frame 175 |frame

3 |Trp =28 |225 |Trgp =28 [250 |Tgp =28 | 150 |block: 175 |block: 200 |block:

4 175 150 200 |variable 225 |variable 250 |variable
5 |extension [250 |extension |[225 |extension | 175 |distance 200 |distance 150 |distance
6 |frame 200 [frame 175 |frame 150 250 225

7 |block: 175 |block: 205 |block: 205 150 205

8 variable 150 variable 200 variable 175 225 250

distance distance distance

NOTE: The chip time period T, is based on the DL-S3

10

15

20

For extension frame radio-bursts with (s = {1,2},{4,5},{7,8},{10,11},{13,14},{16,17}) the Tgy represents
the variable time distances. As the radio-burst durations depend on the DL payload size, these Tyy are
variable and computed as follows. First, the length of the data fields DATA_B and DATA_C is derived
based on the payload size, then the resulting middle-to-middle distance Tgg within each group of three
bursts is computed.

The interleaving of the extension frame is done block-wise, as shown in [ETSI 103 357] Table 6-45. The
maximal input length of the interleaver shall be 648 bits. In a first step an index vector I(i) is derived
from the interleaving scheme according to:

1(i) = 3(i modulo 6) + [EJ +15- L—sj fori €{0,1,...,647} (Q.44)

In a second step the interleaved bits are mapped to the symbols in the required DATA_B and DATA _C
field of [ETSI 103 357] Table 6-45. Let dg (m, s) denote symbol index m € {0,1, ...,11} of DATA_B of radio
burst s, which shall be filled with the reordered data corresponding to

dg(m,s) =I1(s+(2-m+12)-18) forse{0,,..,17}, me{0,1,..,11} (Q.45)
Accordingly, d.(m, s) denote the interleaved symbols of DATA_C and shall be filled according to
dc(m,s)=I1(s+184+ (2-m+12)-18) forse{0,,..,17}, me{0,1,...,11}. (Q.46)

The mapping of interleaved bits to data field DATA_A, as well as to the two pilot sequence fields PS_DA
and PS_DB is not relevant here, because their symbol length is always constant. As can be seen from
Figure Q.22, the total length of these 3 fields (PS_DA, DATA_A and PS_DB) together is 28 symbols.

The 12 payload-size dependent initial transmission times Tgz(s), s € {1,2,4,5,7,8,10,11,13,14,16,17}
from Table Q.57 or Table Q.58 are calculated for the individual blocks according to:
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Trs(h,s) = 28 + XL int(d.(m,s — 1) < n§2(b)) + int(dg(m,s) < n§e*e? (b)) (Q.47)

for be{1,..B}, se€{1,24,578710,11,13,14,16,17},

where d < n is a boolean expression, that returns true or false as result. In this formula the operator int()
yield a numeric “1” if the result of the operation “ <” is boolean true and a numeric “0” if it is false. This
determines the length of each burst data field (DATA_B or DATA_C). Depending on the length of the
PSDU, transmission times Ty Will range from 28 to 51 symbols.

B denotes the number of extension frame blocks that shall be used for the transmission according to
the following formula from clause Q.2.5.3.2.2.3:

B =[] (Q.48)

where P € {1,2 ...255}, shall be the PSDU size in byte. The blocks shall be numbered in ascending order
to their respective transmission time. Block b = 1 shall be the block directly transmitted after the core

frame, block b + 1 shall be transmitted after block b.
The number of encoded bits ni?¢¢ after the forward error correction assigned to block b are ranging

from 216 to 624 bits and can be obtained from the relation

ng2ted(b) = (8 npyre(b) + 10+ 6)-3  for b € {1,..B}, (Q.49)
where the number of PSDU data bytes n,,.(b) assigned to one block is a result of spreading the data
evenly over all blocks as shown in clause Q.2.5.3.2.2.3. In case the number of bytes P is not a multiple

of the number of blocks B, the remaining bytes n, = P — EJ * B shall be assigned to the blocks in
ascending order.

lg] +1, forb<n,

FJ forh > for b e{l,..B}. (Q.50)
B ’ T

Npyte (b) =

So, the sizes of the sub-packets can differ inside of one block.

An example of how the initial transmission time Ty is calculated based on the PSDU size P is given in
Appendix Q.H.

Once the pattern pp,; is selected, the first 9 values from Table Q.56 and the first 8 values from Table
Q.57 or Table Q.58 are used for transmission of the core frame.

Q.2.5.7.5.3 Downlink pattern for DL-S1 and DL-S2 mode

In the downlink mode DL-S1 and DL-S2 each block shall consist of 18 radio-bursts. Therefore 8
different pattern sets with each 18 carrier frequencies according to the following Table Q.59 shall be
used.

Table Q.59 — Radio-burst carrier set of Pattern Group for modes DL-S1 and DL-S2

S Cre(s)
poL 0 |1 |2 |3 |4 |5 |6 |7 |89 |10 |11 |12 |13 |14 |15 |16 |17
1 |19 |18 |12 |21 |15 |14 |22 |2 |5 |10 |17 |6 |8 |4 |7 |20 )13 |0
2 (10|14 |1 |7 |23|6 |3 |8 |17 |2 |18 |9 |22 |14 |11 |16 |5 |21
3 0 |16 |11 |20 |9 |13 |23 |21 |2 |19 |1 |15 |3 |7 |12 |4 |22 |6
4 (1419 |0 |15 |7 |5 |8 |18 |1 |12 |19 |23 |17 |16 |10 |2 |13 |11
5 6 |12 |19 |10 |4 |22 |13 |17 |11 |5 |23 |3 |1 |8 |14 |0 |9 |20
6 (16 |20 |3 |5 |21 |10 |17 |1 |12 |18 |15 [11 |0 |9 |2 |14 |6 |8
7 (15|10 |8 |18 |9 |23 |11 |20 |14 |3 |16 |22 |19 |13 |7 |21 |12 |4
8 4 |7 |16 |22 |13 |19 |2 |3 |6 |15 |10 |20 |23 |5 |21 |17 |18 |1
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The initial transmission time of a radio-burst is defined as the time difference between two radio-bursts
from the middle of radio-burst s to the middle of the previous radio-burst s-1 in number of chip durations
Tenip as illustrated in Figure Q.22.

Once the pattern pp, is selected, the first 9 values from Table Q.59 and the first 8 values from Table
Q.60 are used for transmission of the core frame.

Table Q.60 — Initial Radio-burst time set of Pattern Group for modes DL-S1 and DL-S2

(7]

Trp(s)

1 2 3 4 5 6 7 8 9 |10 |11 |12 |13 |14 |15 |16 |17

o
w)
r,

471 |595 |594 1496 |545 |445 |440 |535 |601 |522 |430 |545 |519 439 |484 |438 |605

512 |424 |649 |447 |550 |611 |624 |418 |501 [464 |606 |509 |636 |443 |465 |434 |431

625 |548 |540 |434 |520 |559 |488 |531 |501 [465 |459 (428 |444 (459 |505 |459 |633

457 1489 |612 |450 |457 |440 |567 |538 |516 |514 |540 |474 |592 445 |577 |444 |493

488 |643 |626 |541 |560 |550 |450 |475 |520 |456 |618 447 |455 440 |455 |510 (477

548 |444 |459 |529 |453 |525 |440 |553 [583 |527 |520 |461 |575 |457 |464 |533 |421

461 |607 |501 |534 |505 |569 |561 |472 |509 |450 |555 [440 [423 |494 |448 |525 |485

OINO|T|BWIN|F-

577 |611 |464 |552 |451 |508 |478 |438 |443 |507 |420 |553 |520 |576 |580 |564 |404

NOTE: The chip time period T, is based on the DL-S1 and DL-S2.

Q.2.5.7.6 Frequency and Burst Time Compensation

The downlink in the splitting mode shall be very accurate in time and in frequency. Therefore, the base
station estimates time and frequency deviations of the end-device during one of the last uplink
transmissions. Typically, the last uplink transmission is used. Normally the receive windows of the
downlink radio bursts is assumed to be generated by a time crystal running for example at 32768 Hz.
The carrier frequency for reception of the radio bursts is assumed to be generated by a high frequency
crystal running for example at 39 MHz. The deviation Afyr ;» between the low frequency signal (32768
HZ) and the high frequency signal (39 MHz) shall be measured within a hardware timer inside a
microcontroller of the OMS end-device.

The uplink bursts transmitted from the OMS end-device shall be transmitted with a time correction factor
based on the deviation Afyr ;. The distances between the burst DT shall be corrected according to
the following formula:

DTrg(s) = DTgg(s) 'AfHFLF (Q.51)
s is the burst number.
For example, if the DTz (s) is 1 second and Afyg, . is +50 ppm the time correction factor will be +50 us.

The gateway shall estimate the chip rate offset of the OMS end-device based on the received carrier
frequency offset:

fe, _fc,ex ecte
Afchip~ —eRX_"cexpected (Q-SZ)

fc,expected

or based on the timing offset of the received radio-bursts. Based on the estimated chip rate offset the
downlink chip rate and carrier frequency shall be adapted.

The downlink is transmitted with the adapted chip rate and the adapted carrier frequency. In this way
the OMS end-device receiver sees almost no frequency and chip time deviations.
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Q.2.6 Combination of Technologies

Q.2.6.1 Introduction

The uplink and downlink technologies of Burst Mode and Splitting Mode can be combined in one OMS
end-devices. This means the uplink and downlink technology can be different. This can be beneficial in
special situations where e.g. a very high robustness is needed in downlink (uplink Burst Mode, downlink
Splitting Mode) or when the end-device can only send but not receive Splitting Mode (uplink Splitting
Mode, downlink Burst Mode).

The following subclauses describe the applicable rules for the combination of technologies. The OMS
end-device will inform in the MAC layer of the uplink about the applicable and expected downlink
technology.

Q.2.6.2 Timing

The definition of the timing for downlink accessibility (see Q.3.5.2.1) is taken from the intended
downlink technology. This means a Burst Mode uplink applying a Splitting Mode downlink uses the
accessibility defined in Table Q.83. A Splitting Mode uplink with a Burst Mode downlink applies Table
Q.81.

The reference time points are defined according to the definitions for each technology respecting the
direction uplink or downlink. For Burst Mode this is defined in Q.2.4.6.5, for Splitting Mode it is Q.2.5.6.4.

Q.2.6.3 Burst Mode Uplink with Splitting Mode Downlink

The uplink can be Single-burst or Multi-burst. The additional reception window RX3 (see e.g.
Q.2.4.6.2.3) shall not be applied. The Splitting Mode downlink shall always be after the last uplink burst
at T2 (see Q.2.4.6.5) applying the response delay tg, defined by the intended Splitting Mode.

The Burst Mode uplink shall follow the rules for synchronous transmission as defined in Q.2.4.6.4
applying the tolerances of Q.2.4.6.3.

The Splitting Mode needs a selection of the pattern p,, (see Q.2.5.7.5.1) and the carrier offset Cy (See
Q.2.5.7.3) to be used for downlink. As the Header CRC and the Payload CRC of the Splitting Mode are
not available in Burst Mode uplink the 4 byte MAC CRC (see Q.3.2.5) shall be used instead to generate
the necessary random values. Table Q.61 shows the input values for the calculation of p,; and Cr as
explained in the linked clauses.

Table Q.61 — Input values based on MAC CRC

MAC CRC Value Used as
Bit O (LSBit) n.a. |Notused
Bit 7 to Bit 1 0...127 |Carrier offset random value v,
Bit 11to Bit 8 0...15 |Downlink pattern selection value vy,
Bit 31 to Bit 12 n.a. |Notused

The dual channel option for a Splitting Mode downlink in the case of combined technologies can be
applied. The OMS end-device can select the intended uplink sub-mode (e.g. UL-B1, UL-B2) and shall
inform about the intended downlink sub-mode in MElement_UA (see Q.3.5.2.1).

NOTE: The reception timing of Splitting Mode downlink only allows small tolerances as it is based on
SDR technology. As the OMS end-device has limited resources this leads to a challenge in terms of
power and memory calculation.
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If Multi-burst is used in the uplink, it can happen that just one out of three radio bursts is correctly
received by a gateway. In this case the downlink timing calculation is limited to this dedicated received
radio burst without having any additional timing information of the other two missing radio bursts. A too
high jitter created by crystal tolerances of this OMS end-device uplink will result in a too high tolerance
for the downlink timing of the gateway. This finally would end up in a too large reception window in the
OMS end-device that has to do an SDR-based reception. Therefore, the standard tolerances for Burst
Mode (see Q.2.4.6.3) are too wide when combining the technologies and must in this situation be limited
by the following additional definitions in Table Q.62.

Table Q.62 — Tolerance limitations

Parameter Tolerance Notes

Remaining frequency error of
OMS end-device after LF and HF +/- 2 ppm See Appendix Q.I
crystal calibration
Maximum frequency estimation

Referred to absolute gateway

error at SDR gateway +/-1 ppm HF crystal frequency
Referred to the ideal
reception time point expected
Duration of the minimum reception by OMS end-device.
time window of the OMS end- +/- 4 symbols According to Table Q.48 the
device tro tolerance of +/- 2 symbols
are already used by the
gateway.

By keeping this additional tolerance limitations any combination of UL-B4 with Splitting Mode downlink
is possible. Also, any combination of UL-B1, UL-B2 or UL-B3 with DL-S1, DL-S2 or DL-S3 is possible.

There is one special scenario for the combination of UL-B1, UL-B2 or UL-B3 with DL-S4. Considering
the remaining error of 3 ppm (sum of both errors after calibration, see Appendix Q.I) either the limitation
of the total time between up- and downlink needs to be limited or the minimum reception time window
has to be increased. The total time is calculated as the sum of t,, tg, tgo and the length of the downlink
core frame. If the reception time window shall not exceed the +/- 4 symbols the total time shall not
exceed 70 seconds. In case, the OMS end-device can handle a bigger reception time window for its
SDR-based reception also the total time can be higher than the 70 seconds.

As described in Q.2.5.7.6 the gateway shall estimate the chip rate offset of the OMS end-device based
on the received carrier frequency offset or based on the timing offset of the received radio-bursts. The
downlink chip rate and carrier frequency shall be adapted in the downlink transmission of the radio
frame.

Q.2.6.4 Splitting Mode Uplink with Burst Mode Downlink

The Burst Mode downlink can be Single-burst or Multi-burst. The additional reception window RX3 (see
e.g. Q.2.4.6.2.3) and therefore the access options #2 and #4 (see Table Q.81) cannot be applied. The
downlink shall start after the response delay tg, defined by the intended downlink Burst Mode. The
downlink sub carrier shall be provided with MElement_UC (see Table Q.86) if sub-modes DL-B1 or DL-
B2 are announced.

The Splitting Mode uplink shall follow the rules for synchronous transmission as defined in Q.2.5.6.3.

The dual channel option for a Burst Mode downlink shall not be used in the case of combined
technologies. The OMS end-point shall inform about the intended downlink sub-mode as usual within
the MElement_UA (see Q.3.5.2.1).
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Q.3 Medium Access Control layer (MAC)

Q.3.1 Introduction

The MAC layer offers different kinds of functionalities in a flexible and efficient way. The first functionality
that it provides is data integrity protection by use of a mandatory 32-bit CRC. The CRC covers the entire
PHY-payload.

The remaining functionalities are divided into two main groups:

e Communication sequence control and
e MAC services.

Communication sequence control contains all information necessary to run a two-way session via OMS
LPWAN PHY. The communication sequence control contains information about the applied downlink
channel including information like downlink technology, downlink sub-mode, and downlink timing. This
information is intended to be used by the gateway to localise where and when an OMS end-device
provides an access opportunity.

The MAC services are used to manage the OMS end-device. Using MAC services, the MAC layer offers
a limited set of functionalities like Link Management and Clock Management. Link Management is used
to adjust the bidirectional link between the OMS end-device and the gateway. The Clock Management
is used to manage the real time clock of the OMS end-device. MAC services require security and for
this reason a dedicated MAC key is used. MAC services are optional in an OMS end-device. The MAC
services are intended to be used by a NW-Manager. Such entity can either be located in the gateway
or it can be located behind the gateway in the cloud (or as part of the HES, see Figure Q.24).

HES-Application

‘ MNW-Manager

Application MAC
data Senvices

OMS End-device

Figure Q.24 — Communication Endpoints

The MAC Payload contains the LLC-layer and the optional upper protocol layers starting with the LLC-
layer in Frame Format C. An upper layer communication session can run independently from the MAC
layer services as the communication endpoints for upper layer session and MAC layer services are
independent from each other. A downlink frame from an gateway to an OMS end-device can contain
both a MAC service request and an upper layer request, or it can contain only one of them.

The structure of the MAC layer is described in detail in the following clauses.
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NOTE: Frame Format C is an extension to the existing wM-Bus frame formats; Frame Format A and
Frame Format B (see [EN13757-4], section 12.3 and 12.4) are not applicable for OMS LPWAN.

Q.3.2 MAC Structure

Q.3.2.1 Overview

The MAC consists of 4 clusters. The MAC Header and the MAC CRC shall always be present. The MAC
Body will be present if some additional MAC information is transported. MAC Payload is present if at
least the Logical Link Control and maybe other upper protocol layer exists (see Table Q.63).

Table Q.63 — Overview about MAC layer

10

15

20

MAC Cluster | MAC Header | MAC Body | MAC Payload | MAC CRC
Presence Mandatory Optional Optional Mandatory
Bytes 1.8 0..65 Variable 4

Q.3.2.2 MAC Header

Q.3.2.2.1 MAC Header Structure

The MAC Header starts with the MAC Control fields MHCT