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5210 Before selecting a downlink base station to send downlink
messages with regard to uplink messages to a node, select a
receiving window of the node on the basis of a link transmission
delay between the downlink base station and a network server
and of a processing delay of the network server for uplink
messages

5220 Send downlink messages for the selected receiving window

(57) Abstract: The present invention provides a data transmission
method, apparatus and device and a storage medium. The method
comprises: before selecting a downlink base station to send down-
link messages with regard to uplink messages to a node, selecting
a receiving window of the node on the basis of a link transmission
delay between the downlink base station and a network server and
of a processing delay of the network server for uplink messages;
and sending downlink messages for the selected receiving window.
In this way, for a node operating in ClassA mode, a suitable receiv-
ing window can be self-adaptively selected for downlink data of the
node, thus maximizing the success rate of a downlink data packet.
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Hopfeiarris, 8. R IFENR
AHTEEER 2018 4F 12 A 20 HIEZ M HES N 201811565108 X KGR N “%
WAL BEE . WA AN T F R R S R, AT 2 i 51 A
G IEAHIE T

TR

AW SR AR SIS, 3 A i R B A T B B A A I

HRHEA

7£ LoRaWAN w1, i) TAERIR /- A =F: ClassA. ClassB Ml ClassC. 7E ClassA
B, KiRIEE FATEIRG, 20k Rxdelay FPTJF Rx1 32U 1, WRZAE Rxl 4%
BT PR T RATERE, Rx2 WA BT WIRAE Rxl & ARIRCE] FATEERE,
—HRATE 1s JEFTIT Rx2 $2U0A Do RIA Rx2 5 048 ] 2 A4 0 A%, dn SR pr
ARRITATHIEH Rx2 @1, #Hu 2 FEMZ 0 AR B, MRS T N8R
LRI

BUAT (K75 4% NS Al 45 Rx1 AT Rx2 & O N R AR 364, R &u7E Rx1 & 145
BT FATHRS, Rx2 & AL, Zim ARk B E S NS . R&RE Rxl
WA ENEEE, S7F 1s FHE Rx2 #2005 M. NS ML [FRF 25 Rx1 1 Rx2 XA
&N AR RS, RIFA s B/ — NG DRI T 17184, R 7 B A2
FuhkiE VIR T AR, FE T B En .

KWW
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2S5 AT EATIROCHARBESEIR, SRS RHRILE 1 BN IE R RORRICE D AOE T
(E[ 38
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AL, AR A A RO B DR BRI FEPE Y R R IR DR
BB NMATHROCRIE O, RS RE T, Hoh, BRI E D O UK S BAT
RSCSG 5 — RO A BRI 1 AR 8 28— Rl DRI B AT RO, B RS
THRE DR HAL B MTIROCHIE BT, R w0, e, B IR DA
AR IESE EATHROCE S OO BERICE D

AL, 7 tp+2 X delta<<Rxdelay HIE LN, JA) 8 55— WO BT D B Ul B AT 4R,
E#TE tp+2 X delta<<Rxdelay-T1 TGN T, Al S8 s DR HL S BATHIROC, 72
tp+2 X delta<Rxdelay+T2 HIIEIL R, HIE S —HUCE D BN 3] AT, BRETE tp42
X delta<Rxdelay+T2-T1 FH5AL T, J0E 55 8l i HBe Rk B BATHROL, Ho, tp oy
AbFEAEIR, delta AFERSALMIAEIR, Rxdelay AT RUKIETE FATHOCE HFFE 5 —RIE 1
HIZEIEISTE], T1 AMEKER LB, T2 5 m e 5 — Ui a5 5 1 0 55 8k
TR REIR T[], S — WSO O RURIE S8 EATIROSCR 55— O A il s 1, S
FRUSCE 1 R R S8 EAT RS 8 O A RIS E 1 .
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AR, Kb B AE IR A N 4 iR A5 A U B AT AR SRV % W I AT Sk Y Uk
TATIRSCZ R o

AR, B AL AR AR T 2 T T B () YA (0 T A7 Bk 5 R IR 5% 2 [ PR —
AN BB AL AT AT SRS BN
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Bl B T AT E A0 FATHR SR R B, IO A eSS ) A i e 2
HI Az —, W N AT R W R 45 25 2 (8] B BE RS AL HAE I

AU, Z VAR R TR B TR PR 1 AT AR D 4t i 4 2 T — AN B
ZABEHAL AT BT R TE,  DAMS B N AT Rk 1 W 4% IR 55 2% 2 IR PR B I A B IR

WRAEA KIS AT, IR T — M B, A R M AT AR b
T RRGERE AT EATIROCH) N AT HROCHT, R IR s B e BRI R 1 kA
TR
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R 55 2 RAE I ATIRIC, AW N ATIRSCHIIZRI TR 75 K T M ATIRSCH B R E R W5 7E
FIERRWO TELR T AOEMS R IGO0, 131 48 AR 552 A i g, JF B/elas 8758 Hion)
(] /N T DR T ORI TR IR DU ARG [ AT IR

RIGA KB VIATT I, b fett | — Bt imoris, Qb [ M7 AL
REE R TR AT R THRICE I AT SR AR A, 1) AT S AR R R
BRI DR M ATIROC, b, AR R AR R B T AT IR O RO TR T2 T AT
O R ACE I I RE DL B A& R, 53R DO R RS e AT IROCE 5 0T A
ORISR 1, 58 3T DO RUARIE 58 EATIROSCR 55 0T A FHRICE 1

A, AT AR AR RN S R CE DU AT IR R B AT S RE S
RS SR IR B M ATIR G A T R RE TR 5 AT T A R T AT IR SC I
U, A AT R A 5 IR R R ATIR L.

MRIEA KSR TANTT I, B4R 7 —Fh B fedm e B, 0. BRUlcs IR FEsi,
PRI 58 AT Hedf 1) 11 U SOR BT X EATIROCH NAT HROCHT, ST T AT Rk 5 A IR SS
o [ PR B A S IE S AT 268 R 5528 B0 _EATIROCHOAL BIEEIR , I deiT R @ s &
SRR, TR RN BRI B 1 RS R AT RO

MRAEA K HRIZE AN SePEft 7 — MR feimae B, i lloh M Fepise,
FETAEIRRE N AT el 1709 RURIE R AT EATIROCH) MATIROCHT, R RARIE 15 K
AR, T BRI & FUAE P AT

WRIEA R M-, Rt 7 —FhE i B, Wi AW, M1
N2 RSB W 4 5 254 SO K N ATIRSC, I M ATHR SRRSO )2 5K T M AT R C
HIACEINTa) s Rastgitle, TR @ SRS TR) T A I B TG 0T 5 1) R 48 iR 95 4 K
HER, I H/ s A E SR A ()N TS T A TR R B0 T, FE AR T A& T 4T
WAL

MRAEAK B AT, 3Rt 7 — e i B, W 5ok, H
T AT 2R SRR S R R DR R AT RGBTk, AT TR T
AT ACE R, [A M AT AR AT 5 TR DR MTIRG, Hrh, TR SR
PR N AT RTINS TR K T i MATHRSCH B AR TR O0 T AR, S — 320K
B R AIE SE EATIR SR 35— ROT R R RT 1, 3% 32RO R R85 AT
WSCJA 2 =0T 8 R A P

MRAEAR BB ST, IR0 T — Rt i, G MBS BLALE D
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H EAAEA AT AATAURS, 0] PAT AU A B AAT I, A B2 AT QA K B 2 — A
3 T 5 DU AN D T AR AN TR K ik

MRIEAK BB AT, IR 7 — ARG N EL RS i A A i, e EAF AR
A HATAS, AT HAT AL B AL BRI AT I, {30 Ab B 2S AT AR A B A — A
77 1 5 PUAS T T AR N5 A K R T

A B RE S B G NN TARAE ClassA BEUH A Gl B AT EER G £ A a Rl O,
Mt e KA T AT it L %

et Pl

T 2 B R AR A T e it 77 AU HEAT B R I R, A AT BIR AR H
I RHAERR SRS MR, Hod, 7EARATFRGIM T, MRS HER
SR AR A

B 1 7R T R AE ClassA BT A8 EATEE . NS 208 AT ER bR KIS T AT
B4 R .

Pl 2 3% 7 R A B S 90 PR B A B 77 (s e PR

3 3t 7 AR A B 5 St B A i v I s R MR R P

4 3 7 R A B 5 St R B A 7 v I s R MR R P

5 3t AR A B 5 St ] B A 7 v PR s 2 MR AR P

6 st 7 MR A 2 9 57— St ] 1 B0 A 2 ) 50 P 2 o A

B 7 7t 7 R A A I 57— St ] B0 A s T ) 50 B 2 A

Bl 8 73t 7 AR A 2 B 53— St A7) 1) 5 A i ) 2 ) ) i e A

P 9 7 T AR A Bl SR I T SRR I 2 A s B

FLAAR Sy 5

I T RE 2 B B B A R IR A AT AR M S U7 e BORMY I BOR T A
TFHIPE L St 7 30, PRI N 12 B, ] BL LSRR s AR 2 O i A B A ] AR
(¥ i 7 sCBTBR 6 A B, JRAGIX S Sl 7 502 9 1A A JF g A Se %, 5F
HL B0 A% 2 TF (10900 [ 56 B A% 08 45 A SO B R N B

[REfFEFE]
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LoRaWAN: LoRa ¢ B34 th iy — N5 F IR MAC JEHh SR TRE T 3N (Low
Power Wide Area Network, LPWAN) Hp#fE. 3X—$HAR W] DL il A i 0 28 % 46 31
B MRZIAE . W R B TC R 4

NS: Network Server, %IR35 #%, fEWIk MRt 7 5 b OB 70— M

sEuhs RIS, AT (BRI WCR MG S B e 4, 55
NS H %

TR T RIS N ATIROCK 2Rl NS FRE .

Rxl: #& 3 BAT 30 Ja TT 8 M58 — N EUCE 1, L RIA R Bk & B 56 — Bedlcsd 1 s

Rx2: v BATHOR 51 5 58 AN lcE 1, o B0 AR R B0k B A — e 1 .

Rxdelay: #um/kik58 EATHERE)S, JTAE Rx1 & HREEIRIN A .

Rxpk: [FATHRSC, BIEEES B 45 NS IR SC .

Txpk: TFATIRIC, BI NS FAT 4 Bl (84 4% 5.

A T7 %, %1 LAEFE ClassA B 1T £, NS 7Em) Hk 2 T AT 54
i), S ICZERIHET X Rx1 A Rx2 N AR AR FES, 43R K1 TR £ 70
£, PR 7B E A

FHETIE, AR, TR T T A7 30 w37 SR BATIR SO N AT ST
i, AT RAGG R U ICR . AN, AT RARR 4 Ll 55 0 2% iR 5% 4 ) 1) B 6 A i 4
IR 28 R 25 95 B1 AT FATIRSCRIARBRAEIR , W7 7 S AN BRI DR BRI EI T
7R3 7E Rx1 Al Rx2 B HU B T A7 SCS, WTRALIE Rx1, #FX) Rx1 KIETAT
WO 7E Rxl AT i, fH Rx2 SEWSFRUR BN T AT OO, 189F Rx2, #HXF Rx2 Kik
TR, B, AT RAMRUE R AT MO R & ki ik, [AIN AT LA 4 Rx2 A R E AT A
fefE TR AR R, FR AT PR T AT B L R R

AR BIE TR, B8 IR 5530 72 RS T AT IR, AT BLBRIA K& AT X Rx1 BT AT
RO FRBEFERCE AT, o] LA A7 RS E WO T2 & KT F AT
R RIS A, 7 54 2 RSN B) AN T B A T R I B AR 0 T, AT LAAE R I (8]
BERATRL, 78 R RSO ) KT R B 1) AR 0 R, ] DA ) 9 45 i 45 i O HH L R
P 26 iR 2% # AE FRUSCRIE AN 5, A0 B R %08 SR N AT ZREE BN RxL B9 R ATROCK T
7, AT RAE] T A7 235 ACGE BT R Rx2 B AT IR C, W0 A R %8 R & T 47 Rl B Rx2
MINATIROCKR G, W EFE. Ik, ] BUGRIE B uE H 2 R0k — Ik M AT, [FIRS
FDAEE G Rx2 HIREAEM, $em MATHEE BB 3, JF ] DUBRAR S 47 Sl 1 1 il
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i = <8

A K KR & T s — R B

Bl L 7et 7 RAE ClassA BN kiE FATHUHE NS 4038 EATHU B UL K IE T
TR AW e . BRPE RS e B A LSS Rx 1 DB Rx2 & A AR 48 3E4T 0 0T

1o 5 G7E t (ref 1) IS 2T U kak BAT 8, oAt miz i & 1 Bs AL,
b T 0R RSB £ .

2+ WRAE t (ref2) I 2R E 58 EATHARE, JF t (ref2) IFZITT AR T .

B EEUAAE t (ref2) +t1 I 2RI SE A EAT R, IR0 = F AT 28 tmst 1o

4, FEuEBICGREIR RS, ¥ EATEIR WA rxpk, RIXEE NS. rxpk £ BERE
fEHIHEIR 12 F)35 NS,

5. NS 3 AT EAE S, B AR SE —A ack MR, R 5 AR AL B AT B4R AL

6. BT HUECAAE SR G, WRA MTHESLY, NS A TATH txpk, £ txpk
v o Bk T R IE AT BT S 2] tmst2. ARE A txpk KIELS Hut .

7. fREFEIETE t (ref3) I ZIFEUL E] txpk, [BIE NS —A ack Wi, JAJ57E tmst2
) 20K S AT B B R g S O B R IE B IE, ER t (ref3) <tmst2.

8. TAM t(ref2) W ZITF4RTHI, #2IR Rxdelay J5JF)8 Rxl & 0, W AR A
RN ATEE, s JGTF/E Rx2 BURE Do R SIFEE DR t(refd),
HATEIF o Rx1 $20H O, t (ref4) =t (ref2) +Rxdelay, 7EJF)5 Rx2 U E MY,
t (ref4)=t (ref2)+Rxdelay+1.

9 ABGETT ST EAE Rl B DB T ATHE , Dy 7 ORAIE SR Ik A R 4R S e
YA BN R, tmst2=t (ref4) —t1. KW AR 3] tmst2=tmst1-2%t1+Rxdelay.

10, BT Zmibotm L%, t1 ] LA ATE . bl e Bk 575 5 2 8] [ R
R b Al B4 tl RA 16.6ns, THE HKITE RZEAL+/-20ms, KIS LLZBS . %
7% tmst2=tsmt1+Rxdelay.

10 . B & " Ll M e t(ref3)-tmstl<tmst2-tmstl=Rxdelay . i
t(ref3)-tmst1=2%t2+t3, R 2%t2+t3<Rxdelay.

Mk PA B MRl DA 21 A0 45 Rx1 A Rx2 B4R HE, 5 ZR 5 H0 NS T8 Y
BERR AR S ATIS DL NS B BEAEIN A 5%, 5 TATE ST 7 BaREKESER R
TR

B 4% 7 1% 1
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K 2 om th 7 MR A e B — St B S5 1 i T VA K R MR . Fo, 1B 2
Fros i 071 0] L P 28 IR %6 3% (NS AT .

Z 0 2, FERER S210, FEiGE AT AT KRS BATIROCH M AT IR
T, T AT R0k 5 0 45 I 55 45 18] A B i £ B S8 38 R ) 2455 1 25 25 B 0 _EAT 4R ST Ak
BEAEIR, BFET R RICE 1.

I 9 TR B B S B R R TARAE ClassA #E Y Ao 4% IR 45 28 7 B e 3 4
R AN B AN ACE I EATIR R, TR TR AR BLE A (A B AT R
MR AL BZ ) X FATIROCHEAT AL, JRAE T SR RUR IS AT RO, R
T SR N AT ORI S (RN AT AR RS o DT N AT AN IR BUE R, ANTEA
KR BB N, AR

TE W 465 I 45 28 106 .8 D AT ZE 5 1) 0 SR IR AT EATHICCHT N ATROCHT, A AR 4
AT AR5 ) 45 IR 55 A TR TR B A% A0 35 AT o) 2% il 55 i B0 B AT 4 ST IR AL B EGR
e KB E

FEA R WY, Kb PRGEIR AT LAFRAE ) 45 I 55 2 616 _EAT OO AL BRAE I, 4
Ab PR SEIR T DA T 90 2% IR 25 2% 4 W B AT IR ST o A% I TR AT Bk 1) Y URE TR AT
L2 T B I

BE I A5 A 3R ) DA AR Je i A NS (0] PR BE o AR S AB I o ) R, RJ RORE R — IR
T RE B T AT 2 0 5 X 4 IR 55 A 2 TE B B AL A AS I CHBED IR 1L iy t2) R VBt
B GEIR o Y Ah, BRI A IR AT DL X 2w U IS ) AR e T AT BR k5 R 5 IRk
55 o Z ) — A B S BER AR SRS I #EAT ST AR B . BN, AT DU,
BOF-29. tp99. tp999 455 1A kE

YRR R, B % A% B 2 3R VT DA S T 1 3 P B VR de I — IR S 19 T AT 2
W@k HmMEBEBREMMENETLABIN. HELAXWT
delta’ (t)=alphaxdelta+(l-alpha)xdelta’ (t-1), H 1 alpha & &%, HUEICH
071, delta /& it — IR & ) 2 0 5 0 4% I 55 4 2 6] ) B B AR S FE R, delta’ (©)
& G vE AT B I B S AL SRR I TN, delta’ (t-1) 52 B — T EA3 2 85 2%
A% 0 A P RO TR o

AT LASR 4 AT Jk ol 55 P 245 Ik 5% 45 1) 1) B B A B S0 A5 T Y 288 il 98 A 6 B AT 4R S
HISEBEGEIR , P A B W S EATIR ORI YR 1, PR R IR AT 45 2R, 4%
FRWCE o AR, AR R — IR 1 (Rx DD BERSHEW B TATIRSCHIE T,
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A AR S — 4 1 o 7R AE SR — IR RV B R AT RO, BT R
Pl s 1 (Rx2) BRBE IR FATIRCSCITE 0T, AT RGBS w1 . 52,
A AR ) 5 B — el AT F ISR, ORR AR R E 1, 7RSS R DT AR
TE R B T AT IOSCITE B R, TR B E 0. dk, T RUBRE T AT B R
SRIE—IR. A RE G T RS B B O, BRI T AT B R R Al 2

B GE L #HEAT AR BB n A, T B tp+2 X delta<<Rxdelay HI1h
LT, FEH —HURCE PR R B AT, £E tp+2 X delta>Rxdelay FIIEHL T,
e 5 — I D AR RE B B AT IR C. AT BAYE tp+2X delta<Rxdelay+T, IR
™, JE A HACE D R I B BATHOC, 7E tp+2 X delta=Rxdelay+T, B UL T,
FlE 5 Bl E DA R B AT . Hoh, tp NALBEZEIR, delta NBEMGAR
iR, Rxdelay AT fUR LS FATIRSCIE T8 55— 4080 E HI BRI ], T, 30 s 7E
B BUNCE DR R TS 5 I D B EIR ), — RSB R ToN Ls.

TEU S, T AR RYIE KB &R T AR D (Rxl, Rx2) BB
e 3 AT A 2, 7E AT A U S U IR 1 RS R B R AT R OC A
S8, T LA S Bt o B e, 7E AW 2 s S U B SO, T LUH) e I R
g U ) AT G, A DUAE B R O AN BRI R R AT IR, W AR & B AR
PR E o

4, TEAITT SRR B AT IR S I BRURCR FON T RLKE I 4% L 3 A T
RGN B, TLAFE tp+2 X deltasRxdelay-T, fU1F 0L T, HEH —HEUCE 1
RE IR B EATIR L, £ tp+2 X delta>Rxdelay-T, KIEOL T, FIEHE —4&icE 1 A
BERU B AT RO Hoh, T B ah R, W LA E R, T DARR R ) 4 A i)
BlahtBm % E . me L, Wl A7 tp+2 X del ta<Rxdelay+T-T, IE ML T, HIE 8 —
BRI B EAT NG, 7E tpr2Xdelta=Rxdelay+T,~T, KITHLL T, FIE S
TR DR e R B EAT RO

fE25 B S220, EFXTEBEIEIE DR IE FATHRC.

H Uk, A BH AT DS I AR Y 2% G5 A7 BRAE,  FE JE B M D 7R ) ClassA B
T RURGE I T AT AR PR A G R E 1, NI R T AT S T R

B, AR AT BB R R ATIROCS, TR S S TR Oy TE T X 4
A LARRY Rl D o RATHERBS R R NATIROCS 2 n g IR AR R —
AN L, LU ) £ IR 55 A K B DRI AT RS e BT R B R AT A
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SRR BT IR R AT R SC o ma R R, AT R S R TR R TE T IX 9y, "B
CEERET D o W EoCEEE R L BRA TR, 5 N ) A I ) R 22
Gy, BIONZRIR T AT B3G5 Pl ) 4 il 5 285 22 1) (R0 B i AL S AE I o

TEAF BUAR IR FAT 5535 5 W45 IR 55 2 22 TE) IR0 B i AR B RE IS IS, ) LUK 2085 6 £ 4
FEIN A Sy 2k 3l 15 ) 28 I 55 45 2 TB) ) B A% i SE 3R, ] DA T4 3l o1 3 B Roxt
AL SRR AT A0 2R, DAAS B Rk 5 2% IR 45 2% 2 IR (KBS B A A A8 IR o AR IRAF B
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