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(FEBEKRAFE 4L 100049)

(Bt ESHALRTHTELERE  JE 100190)

5 B HHSCAREN AR E A A M A WA E 56 B R N5 SR E L i
BRERRWH G E, GHER, LEAE R AN RS N RS T N A A 56
Zom R R E TR, RXR Y — A BB T mE & (DPA) F G
MBI SG LR, ZEME RS R T ERE S N B 34T T
AEYA, R HATHRITAERASC A BHRELERE, THEREV A4
RN ERTERXREOHEREEFRR LS AREGT, HECLESETH TR
28.3% A TEEE T HIEF 38% . ££0.5 ms W9 B R B B E T, AR SCZE A B B4R AL AL
HEHE KT 2000 &/s, T UHELNS5C ARG T EEFRBEXENE X,
Kbkl Tk 5G; MR WHOAIE; i #

0 3 7

T X AR R KM B A% S B T B K
S TR 3 4 AN BT T B 1 4% 208 b 55 R FH 37
S S RESEGEHA (SG) Mgmid ", A
TR SRS H AR 56 ML I 5 %5 M AE5E
MAS B RIIANSY W5, 5C K
Ja— W EIR R BB B Tolk 3838 ARl
BT R 25 AT 45 MDA & 8 1 Bl 4 28
SEEEG T N )RR R 5G LIRS B,
U1 Ghps B9 1A 56 3 3% | T 1) /)N 58 1 e 22 R0 4
AR S B I AE L K% 99. 999% 1AL 4 ] Sk R
VBT3B | B B 4 R I Ak R S %
T RUAS THIAGEUR D) FE AR AT 32 30 7™ A% B il (1) ¢
IR R — A R PR

O FEZE AL (2020YFB1807803 ,2021C01040) WEBHI H

Ftr 8 ( XFK Modem ) 1Ry 5G A 45 (1%
O R 23 5 A 1 38 15 2 RE A RE B 4 R 1
AOFEF o DR RS 2% 045 5 A BB R S P Y
A BRI A 5 5K T8 R L T BORE B3 [ 1 54 SoC (sys-
tems—on—chip)}féifm”%] o FEH N A LR R S
b FRANBIM AL BRI 43, Hli 5 S A B2 R
HF ASIC (application specific integrated circuit ) [
REPE I ek SE L, O HAA R B A R A X
5T SCHk [ 12 ] 42— i AR 3 5K 3 1) RT
FEHAZ AL BE A%, 7T LA /2 5G XF FFT (fast Fourier
transform ) /IFFT 7 2 3G PERISE A7 T AORR SR . 3¢
BR[ 13 it —Fhsh 25 n] {145 19 Z2 4% SoC(MPSoC ) K
i 2 5G 155 A0 FRAEAT i 8 AN 2 48 A5 7 T 35 8L
MECRFI ST, DTS R IR R %, 3¢
BR[ 14,1510 BI%F 56 T 17 [F) 22 53 H LDPC (low-
density parity-check ) ¥ 5k @ 1 5L T 44 o 2k
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W T8 TR RN & 9 Tl 56 BMSUE BRI

LI R TIT

ESEX T EMSCEL BE , fn e J2 P T 2 (12, lay-
er 2) , FHAYFEAE RO ALERAL i fige 2 R e A vk
PRI (0 BB A i D BE , X BIp IS Ab B %) B 474 i
FERAE 3 Rl BRI 8 SCHR[ 6 ] 42 ) — 5k
Thns g B | FE 241X LTE (long term evo-
lution ) BIMSAHICAE {1165 5 40 21, IS T — E RO PERE
Wagk . SR, BEE SG A IZ B, JCHORAE Tl 45
S, R T SEA I AE | R RE M AR R 3 A5 5 Y
BORWAEAWTHE w1 B sCAd B2 A 1
BT SRR RE RO T P B
TR LA PR 8 2, 5G WML SCAE 22 T 8] J32 1) it 1)
B, fc/INAT 21 0. 125 ms , 78 AIH/INE I 1] 247 oA 2 0E
PR A RS2 b B, BT 24T 55 1 Al AR B s Ak
PHAUAEIXE L PR GIE I S RS | X A6 2 Tl 5G N H]
A — N R HK, O T 3R T R To e 25 1 5t
TREIFI AR 56 Db B A7 2 B9 P Bk T BER Z LA
AR B AE S, CPU SRR DT TR R AE 5 X 57 1Y
B ORI A5G DR R ol 55 £ 8
M2 RETE I E S B R AR AR K L 1T
SR BRI AROME, SR it A 3l 25 R ) 22 B
AR X, I T AT BOMERE . A GE L CPU R
A PR B AR TC VA 1 v RE RS L AT T A4 AR
EPERFAEL

TEMCTE 5T A SCRETT 17—l i~ 20CRet 7 3 ]
AR DM Ak PR SR AL, M) P A7 o e 48 260 B3ORE IS Ak
S CPU He )7, 7E42 T+ 5G DU I 7 i A ik 2
F18 ] N e AR Ak B IS A2E N} 2y, AR SCAY 32 2 TR 4
T

(1) $2 i —FEAE PR 5G DML BRAERY , 58
IR A A R BT IR, R ECREF I REHEAT 145 BRI
O3 IS0 BICRE PR Z [RS8 15 0T , 32 TH R SR A TA%
R,

(2) BT EE X 5G PR ISCAY ECAJE T 54 4% ( data
path accelerator, DPA) 5 F ™ i B 80 85 047 HL
USRI Y BRI A A D RE AL SE 0 AR b
ST R FEREAIR CPU SR A R Al |, 327 1o
02 A PR AR

(3) K H DPA 524 N# 4% ( security, SEC) Bk

it , e CPU 1A Fi 42 T 52 BLEMSCEUR i
BRI 2 RV E R TC S 157 12, RIE 1 408 F Ak B e S
AR EPE

WCHYHARTBATHLW R 2 1 WA T A
P2 B AR O ) 0 I TR A0 AR A S 5 2 T T4
FEIR T HCRTE A DI ] ) IS Ak B ARAR A A O B R
PETH N ( DPA ) BB THAH 15 FIFAT AL SR w5 55 3
NIRRT SRR IR S HT s 5 4 e ST
24 4

/h=H o

1 B o PO AL B R

ISR BE T R G B A TP R O AR
—, FEATT 5G br e J2 B T A s b
B, HARGEEMME 1 PR A 7 5 AL
A4 2580 (protocol stack , PS) B KHB4T .

Test
Ctrl

Software ' RTOS = VOS NR L2 PS

stack
_ ‘DPHA‘ ‘SEC ‘ UGDMA
: 1 1 1

Iperf(UL)

I
Hareware
Platform | PPDR4X| | “op AN | [PHY Emulator(DL)
DMC
I I I I
PCle UART = Mail-box | PLIC

E1 hilahIB RS

1.1 BEHFE

BEPEF- & %0 & — A 4 B/ CPU, AT $2 {1t
128 Bit [ AXT &£k 3% 45 = 3 DDR 5 4i #4% , JF i i
— AN R R A I A RIS, BT B
AFELL TS

o BAEHE N AR (DPA) , 7 5T UMUER 2 2 (lay-
er 2) RSB ARHT Sz SEC insd a4z

o SEC inlids, H FL &% m 2516
A P TINE fif F 58 BE PR DR AP TEAS SCEE H Y 2R A v
SEC finyd % B ol LA i CPU J3 8l , th il LLR 25
CPU ELHzH DPA #1733l , LAk G 26 v b e A 17
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EEAGEIN 2023 £ 10 H %33 & 45 10

AN

o i T 4R ) A% RS A AR EE D, 4 PLIC,
UART FI PCle %,

® UGDMA (uplink gather DMA) , #5 %l DMA $k
11 EATEAE W S S PR % RS

Hor DPA (935311 K DPA 5 SEC sk 2 14 3F:
TR A ST T H A
1.2 HURmEMnES

AT Tl 5G BRSO Ak 3 ) 7 ik 3R R 1423
R AR SCHT AR P 1T A AEXT R A 2 R
Ay I [ FEAT 0 55 RIS 20 A ) BE Al b (A B SR T
DLER 3 797) , X D R A R 1 Dh BB AT T A BRI
R4y o B, A SCBETT— 3L A B SOR $idh
T INHAS ( DPA ) |, 42 P 1 b o A2 SRUAT 3% 4 A 6T
A B HL LU BB B A& i B (transport block , TB) 45 )2
PSUEE 59T (protocol data unit, PDU ) f# B T HE M
PO B vhoph <7 ok o I 2 s, DPA 1 53

---- Control

— Data
PS M N ____[SDAP || _
cpU |Processing|  |Processing Processing | 7/ |
T F
i
H L
1 i

®!

IGMAC/PClIe|
DMA

e ®

TB Data Buffer
(MAC/PHY Share Memory DDR/SRAM)

2 HAPEMERLERE

InteIT’U_Pt-

|——Next CE——
RLC SDU

decode

Next |

Macspu| |
decode

]

Interrupt

DPHA

ST

SDU i

HW(DPHA) PDch/cgdleP 1
| E—
i HW(security) |

P FATHERS A B, 2 T T RE . — 2
Xof I 38 WA 1 P i b T DR A BT R AL B
PRI, IR 45 A b 1A R BT B R — 5 A =X
(€ XK HFD , header field descriptor ) 577 A R H
I A7 5 B g CPU PRAT P T 12
(Layer 2) £ )2 MY INBE ; — 216 TB Sefihrid 72, &
M R B9 PDU BT J& A9 PDCP ( packet data conver-
gence protocol ) AT FF 1 hn %5 56 - T G, Wl DPA
% PDU e B 4 FH N 14 580 30 A 4% 2500 M bk 45 2
B, B 3l SEC s 28 BT 58 B M DR 47 R i 2 15
e,
1.3 HEHERFIITHIET

AR TE R T PS4k B A B A AR I E O T
DPA F)4CHE By [ D LA B AR 154 T 54T 4L Y B
Brigeit, ZEERFES FIH CPU + AISC S48 % IR X}
DS SHEAT T I T4 53, B DPA SEATRE AL 1Y)
ST AL BREE S 5y & 45 CPU I SEC il #5435l
AT UMSLAL SRR S8 AR . AR DM SUER 2R A
O LT I 7 26 A PDU S8 B AT 45 2 &
FERAT AR AL B A 2 S 4, X RP AL 3 7 U AR
A LU B 2 A% 43 A A AT IR 5 T8 B K AR T
PRt (HAS IR 22 [0 28 B R e A 4R 5 R
TR, M0 L2380 B A PR SE A SCR Y
5T DPA BRAE PR FHEAG W 2 A SCHER T 1T
B HET T IR T A, aniEl 3 iR

#ﬁ%z

SEC processing

* Deciplicring and Integrity Ven'ﬁcation' Interrupt

_______ 4

3 TRt

(1)MAC CE( control element) ZbFE5 MAC SDU
(service data unit) b FATAE, BRBURRIKEI MAC
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W T8 TR RN & 9 Tl 56 BMSUE BRI

i ' DPA — Hf#Hr5€ MAC CE, 76 7 BV 0 Hpi
AT MAC CE 19 J5 £ 40 311 [R] s AT AR S0 73
il MAC SDU Bf#HT, X HER] LIAARIEPRSARXT MAC
CE BY4LFE 5 DPA XF MAC SDU Y f@ AT [l i 47
MAC CE 38 % ¥ S5 2 Jo 2R 98 I 4 ol fic B S 50
P, R RESR AT AL BE MAC CE 7] ¥y B2 K 5t
S i 4P HBCEE 2 (14 M S i [

(2) Pk RLC (radio-link control ) /PDCP 4L
PSP T80 BN i 2 2 IR B IR AT AR AL 3L, S DPA
5¢ i RLC ., PDCP Fl SDAP ( service data application
protocol ) ISR AT , B8 U — 70 — . —J5 T DPA
NI T RLC 43 Br 8 4 . ARQ (automatic re-
peat request) Al PDCP 35 HEFF WML ThE™ ' 5
—J5 16l DPA Ji3 3J) SEC B &5 P04 T A %5 A1 56 PR 95 IE
. R SEC sk 5 4 B8 52 55 b i A B Rk
PDCP, PDCP #7388 22 56 A% 35 45 R 1E 1 1 4008 45
SDAP #AT/RS2ab ¥, B 2 A8l AT 4T, B
fiff 5 AL BRAER 4, DR R SRR 58 B T RLC , PDCP
FAH DG 3 2 )5, 45 fiff 8 Kb 38— 52 WU mT LA 34 22 4
Pt W XFIEAT R, AT DA A e R R ]
A 2 AT P T I A PR IS Ak AT 55, 17 REALR P 1L
FR A SR AL FR SE
2 FE ik At
2.1 BFZEH

WA 4 firz, DPA 3 240 5 45 ) 50T Al Ak
PR 3 ARy, B oT b E T DPA R
EAAE 5B 15 3H  PDCP delivery Count {H
HFD ZEA7 HbhH5 8 B A MAC TB 3 ik Al DPA

APB
interfaccﬁ HW Clkl Resetl AXIBUS ﬁ RQ T

| AXI interface / WDMA&RDMA Engine |ee

Registers

1 T
LCID configuration| | InputFIFO | [ Output FIFO |

| RDle% sewp | | WDML setwp | || 2
i :
1IFD buffer size =
IMAC TB base address| Z
MAC TB base size
DPIIA control PDCP Count
IRQ status calculator U

E 4 DPA TEHZEH

(R Tl PR A7 AR 55 . BUR AL BT AL 1 DM 45 )2
PDU AT EE (1525 DMA (direct memory access)
a1 L K i Y FIFO (first-in first-out) #84F, #1124
TCALFE A ST B IR A2 A AR B S DL 2 APB (ad-
vanced peripheral bus) Fl AXI(advanced extensible in-
terface ) A2k,
2.2 ETF DPA-SEC th R EIR TR

DPA 5P A% CPU , SEC il £ 177 fif 4 e
(41 SRAM/DDR) B4, BT P I N ATk 55 1Y
FRCAL TR, Wi S BR LA DPA AT B BB
TALER S A LAF 4 BB

pEm—

[ oo f o) [ o]

< [ I Tes l Drew I
PS-CPUO

PS-CPU1 || PS-CPU2 | | PS-CPU4

PS.Cul || PS-DL(aMBB) PS-DLGRLLC) UL :
RISC-V
—(% N | AXI-
@ | Br2 | 5 1

l \ 3 ~ Jaaaxay = I
el |2 @ e [
@ ruivox | N PLIC DMAC
L leg —
" T msar Y Mailbox et Timer
®/[=] \ [ 4 e
| ' ! [V4E 2
\ I ! \
\ 1 ]
| I 1
| [StacRez | ! [ configRez Status Reg ,'
i |
@, i DLDPHA ; |
/ el / y
g p—] . PCIe30-2
1 ’,‘ \ //
¢ g
| [ﬂ] ) M AP
: ssc s
1
H [ 7
1

p— = =
’ ‘ MACTB data aren LpDDR4x-DMC | PS/APIP dataarea }_ |

(111

LpDDR4x

== == < Control
e—p Data

5 DPA Bk

MrEz 1 b BEERS & DPA WIR L

BRI S AR 1~ 2, DR R A
JZ1 TB £d B3k B, % DPA #EFT01 46 4k . S0
® 53 DPA,

BBz 2 DPA BT PMSEE fAT -4 11 HFD

BN B A B 3 ~ 6, —J5 T DPA 4l
RDMA 7E¥A M DDR H 32 B — 7 < B2 19 TB 040 il
AW EREA FIFO, UL Y B i PR SUAR TIC &
Z IR ERUGEEUR K E i DPA AR b — Y8 ab B
P RHATEh A RE R 2 R IR DPA R UCHRRE
M DDR iz i —A~58 3 MAC sub PDU B9 4% B2
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EEAREIR 2023 410 H 4533 % 45 10

PDU 3k, 5 —J7 1, DPA X} A FIFO ) $i 95 4
MO X AT i A, £ 95 MAC CE HI MAC sub
PDU BT, TR BRI A9 HFD A% 28 (LR 35 4
W) Wi f b4t HaE i DPA RIS 1 FIFO Al WD-
MA (write DMA) 5 A L5 SRAM, 3¢ i 80k i
TR E b3, DPA SCRFIC &M 57 1 MAC CE 58 i
HiEi I MAC SDU f#r 56 b 7 . X AR 319 2% 18
BT KL SE ¥ MAC CE 4 3145 5 38 58 25 il
B, AERTE MAC 24 i e 1o fr) e

MrEE3 PhALEES SEC % ITAT

AR BRAL R T ~ 10, A5 P RAL B A, — 2
PISARIE T DPA (f#HT 45 3 XF 4% )2 PDU #£47 RLC
ek SR A ARQ #R45, LL K PDCP HEF (£
A EFEERAE , —JE DPA AFTA TIF T N g
TRINAEM PDU L& v 55 SEC TN 25 75 B2 1Y) ik 26 55
BAESEUG A 81 SEC IR AT i 2% | 52 IR I 56
AR

MrEE 4 Philkie ) rissc

B RR 11 ~ 12, PMSRARYE SEC g%
AbFRZE I X e ORI e T LR A T 25 A, P
P28 0t RLC 2 A0 9 H 58 R AR 50 il B 19 6346 38
25 SDAP AT QoS Vit B SFHEAE J5 1 24 1oy FH AL $R 2%
(AP),
2.3 DPA HFD EX

HFD J& DPA 5 Z [ #4715 B 58 B 4L
P 2, ¢ R BNERBE (4 FLH R0 43 1 A 20 XS
BRCRA I, 6% X HFD #8201, 1580
24— TB BdEms X, WK 6 Uros, 4 T 17 TB
H Al & 25T MAC subPDU, 3145 3 Fh2E %, MAC
CE MAC SDU Fl padding, H:H4:1> MAC SDU {7
FHAFZEAI RLC PDU PDCP PDU #1 SDAP PDU,

TB
[RTF] _LCDD Acc]  Mac FRLE] Lenlﬁ(l?lD
[RTF] LD | - RLC [SHEEReENeu
[ TLength |- PDCP SN
AC SDU| SDAP D/CITRT QFL
IPDat Payload[0]
a Payload[L-1]
N MAC-I[0
Inlegrily MAC-I[1
Proleclion| MAC-I[2
[AC SDUJ| < MACSI[3

Padding|

6 MAC TB &z
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DPA T5 B %A BEAY HED #2030 10 6 A o v 452 1
25 BdE 2% PDU AR E RLC 83X F1 SN (sequence
number ) K B ESHIN AL,

S 4% 2 Z 18]Sk F B TUAR AR B, DPA 1Y)
HFD SR T 82 m it =e L, B 7 /T AM
7B PDU , #£ F RLCUM ( unacknowledged mode ) [
PDCP 1 PDU Fil SDAP %4l PDU ixX 3 Fh 2 7l {1y
HFD #5320, ILAMAFT LUE L MAC CE J H A 4528
U HFD 3 10 B, BT LRSS 42 B 35 A o K2 19 BT
HIMLLZEAL L UM SDAP  DATA M|, Hi3
/NiZ HFD 2 — A EE B3 F RLC UM {38 By
SDAP kil 55 Bdi 0, & HE LT PDCP count fH
SN 25 A5 KL T RLC SI( segment indication ) Fl1H:
AR S v ) — S £ B 7 B s Bk, DAk b 4 A
di .

Number of MAC subPDU

subPDU LCID MAC
Length of subPDU infomation
Type of HFD(eg. AM PDCP DATA)
RLC SN RLC
SubPDU ) RLC Polling Bit(P) infomation
#l PDCP Count obep
PDCP SN infomation
Integrity Verification Result
Addr offset of PDCP sdu(1P data) IP data
L Length of PDCP sdu(IP data) infomation
subPDU LCID MAC
SubPDU RLC SN RLC
#n-1 PDCP Count PDCP
 Addr offset of PDCP sdu(IP data) IP data
subPDU LCID MAC
SubPDU RLC SN RLC
#n PDCP Count PDCP
 Addr offset of PDCP sdu(IP data) IP data

&7 DPA HFD EX

AN, A ARAIE CPU Xt HFD %4 i 32 B s iF
HFD 44 F B K B #4948 CPU F K, IF FL
HFD (% g = SO T #8751 A7
ittt , JFAE HFD 22 i X (11 L4675 DPA M TB fi#
Friti i MAC sub PDU 9 B8, J7 f CPU B4R
U 75—~ PDU B9 HFD,

2.4 WEHIEBNFSEITIE

DPA 5E UM BERT I , 552 nT LIAS 3] MAC

TB H R4 Mk 55 Bodls (B TP £2) {5 2. &> TB



W T8 TR RN & 9 Tl 56 BMSUE BRI

Hf & K TP 4, I X 26 1P 4 R SR T 35
|, 1M PDCP BEARUEFR T 356 58, P I PSR A5 AN 5
GEAFIX L P AL, O PE K BN AE B R, fe
FE A S B — A TP AL B A TS N AF, X R
DPA JIH 5 52 B — A A BRI AR XA I 1
WITE RS REUNE LSS CPU Z ML= N 7
S A7 [R) (1 [A] 8, AR SCOR B — b BCE 1 O 1, T
DPA Ja shZ ik i CPU T5E 43 Bl 4f 2 LAZE 40 MAC
TB H A M 55 B A2 10 KB R A7 23 ] (B H Rl 55
Z2A7) ,DPA HEFE A 1P A1) NAF I B I
£ HFD 1 CPU H114 PDCP {155 3% 5388 58— 1P
FEARC RIS | R BT A b 55 B34 A0 34 9l sk 22
J& O 95 2 A7 205 F8 R IR D T N A 43 e 1Y
UL, vT LIS THEM R b R R

3 RERSMN

3.1 T5G e HBEB ST

SEE Tl 5G AN [l 55 455 R B skl bl Ak 3
BEWRAY o5 FG 00, A SCHE P IR B AL & 19 56 P
A TR IERR ST . WA 1 T | affic config
R AT IR 75 K O A [ 9l 55 2880, A SCrbog
SCT R ARV AN RATT 98 2 Fh M A 1) Tolk 56l 55
Yy, JER ) EZ B AR (PHY emulator ) 25 BIAS
[l 55 5 5 1) MACTB A3 & 3% A BMSURR (12) i#F47
AR, ) s X i 1A Ak B B R 2R A7 0 R SE i,
Pl 8 IS, A A~ 18 2 [ gy A 5008 4 000t 1 722 (i
10842/ TTL) B IE &L T, B % B0a A 3 K, 22 19

X104
—&— L2 time
—+— Header parse

12

10t RLC i}
" —<— PDCP o 2
kS ~— SDAP e 4
> 8r e e
2 1l o——o
) b
=
Z 6}
=
L . —
if b ‘V——,A‘,v,.,—»""% —— v =Y
0 4t *
7 e
oy * e

—r

2F

32 64 150 300 450 600 750 900 1000 1500
fKJ# /Bytes
B8 AEEKAAEMERE

AL ERIS] (12 time ) K538 (4 A0 LA [a] 4 1 5P 2%
G 40 225 AR, PR SORR P T A 4 2
cycle B A AR B2 4% 1 W E9 fr 7w, X T & A
YR/INEE Y 55 (4 500 4/ TTL) |, 78 4545 58 AL 84
10 FERE LT, BRUERJZE 2 AL BT cycle 238 T
2910 £, X UERT PR BSURR TP T EOHE ) Bl L
BHHURE, Tl 56 A /N B Ml 55 1™ E 1 2
DML AL PR A 5

s
35 X10 .

3t —o— L2 time
—#— Header parse

RLC /
—%— PDCP P

~— SDAP Pd g

N
19

PS L2 4bHINSE/ cycles
T
\ i
\ \\
\ \
[
\
\
i G
\
\
X 9
%

0.5 -//l//v// P e o
el -
0 v _ ° o—4 :
50 100 150 200 250 300 350 400 450 500
FTTIHEL

B9 AE/NEHELEERE

3.2 HEHEHISERAERE ST

SR SR UE AR ST A 5T R - B ] F I AL Ak 3
2, IF R T SG P I PR BN £ DPA
SEC Mg %s, JE 5T EDA #5817 #Chf b [7] 5630 36
B, HIIRe A AN E 1 FR, AT EHE B A
b FEE 5 T TR DPA AR SCHE S I E R AR A E A 7
PERESMT, BRUEIREE R CPU MRTEIAS R K 1.2 GHz,
SEC i #% \DPA Jinsk &5 it i 4 %4 500 MHz,,
3.2.1  IEEFI Y oA

TS EE T R R] (9 SR PR B X R AT
b 55 B AL BREA T B A 53 N 43T, B8 B
JAT, AT VRO 220 i B2 I Ak B A B —
MAC TB £, Z3 Ui i AL B TB A il 55 %k
PEARHT % PR T 1828 45 AP,

MR 1 R, T 64 FAT L A B ) B
(TTT) 500 1AM 55 1 48 X6F & 55 A7F Ak R R0 6 A ol [
AbFR (TR SCRTARPMFE SRR ) 2 T SR AT TR
AL PR SE AL/ BT, HH Interrupt Delay 1838 A9 &
MAC/PHY D) J SEC Jin#f #% 5 CPU Z [u] iy rf Iy HF
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EEAEI 2023 4210 H 5533 % %10 )

B4, DPA Setup {3 CPU H AL B I )5 o DPA B4b
RIS AE , PDU Parser {0 F#4F 77 2 528 DPA )
AEAY AL B ], MAC-RLC-PDCP1 42 B8R MAC
\RLC DA}z PDCP 2 3% HE 7 Dy GE (1) &k $ i [a], PD-
CP2-SDAP .3 PDCP R 45 5 4 1 56 25 SR 047 504
A3 32 A B Ab B B 4E | Decipher ( AES) 83 3k F
AES ff# 55505 10 SEC I8 5 X S0 5 17 ik 2% A 3
FRBAE 5 AR 156 Y A A2, 2 AP Ty 8 R 1 [ B2 4
HP R A 2 PR A X e R R I AR e, 3 Ak, i T
PRI SR FE T AT A AL B, PR Ok A B B (D
PAIFAT AR tp AT I [R5 1) B AR H 3R AR 83t
SR8 SR A RSl FH R 2 IR ) 1) 7 8 b B A W] L R
1% 28.3%

F1 BESH
et BATTTR/ s PRI 2L/ s
Interrupt Delay <1 <1
DPASetup -- <1
DPA - 8.1
PDU Parser 85.1
MAC-RLC-PDCP1 121.5 121.5
Decipher( AES) 48.1 48.1
Pdep2-SDAP 66.4 66.4
Total pocessing time <276.2 <198

WE 10 Fi, DPA SR H B I ATt (15
DPA SERCEMSUEURE AT 5 SEC fif 2% 5 4E 5 B il 4k
PR PRIEATHEAT AN T AT AR B 58, AT
A TE) AT LR R 48. 1 ps,

| Downlink pocessing time |

MAC-RLC-PDCPI

Mac/phy interrupt 121.5 ws
<lps SEC

Decipher(AES)
48.1 s

DPA 8.1 s |

Pdcp2-SDAP
66.4 s

DPA setup

MAC TB 2ps  SEC/CPU interrupt
arrival <Ips

CPU

AISC
TTI: 0.5 ms

E10 AE/NEHELEMHEE
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3.2.2  AIALEEE RSB

AR SCH A P B O R TTL N AT LAAE 3
PR, N 11 R B XHRES TT AR R
Bl 55 1 I, % Lo B T 28 P IR ) 7
PERESE AR B, M 55 T K PR R SR fy 1k 4R
B gs i A FVERE - Y42 T 38% o I3 AbE R
A B S 6] 24 TR BRI AE 200 s P, DI ) 2440 4 40, 4k
HUE T T 20 67% , 9535 1000 £1/s, Ti%F Tl
5G BIZ% 0.5 ms [ IR IC S, B[R] 2244 1Y) 60,38
HIRT 2000 £/s, A] LU 2 Tl 56 R

S EIE R AR TR
350
300} [—o— mHuE o |
—— Py /
- 200 psHLz 2
5 250
: wa
& 200 e -
= ) ;
2 150 A A
Q // o +
N 4 S
z 100 e g
/Q// A 4
50 ,//, e

0
50 100 150 200 250 300 350 400 450 500
FFTTIEEL
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High-performance protocol processing architecture with
HW/SW collaboration for industrial 5G

YANG Xining, ZHOU Yiqing, CHEN Yang
(State Key Lab of Processors, Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100090 )
(University of Chinese Academy of Sciences, Beijing 100049 )
(Beijing Key Laboratory of Mobile Computing and Pervasive Device, Beijing 100190)
Abstract

With the continuous evolution of 5G standards and the large-scale deployment of commercial networks, 5G has
become a new engine leading the high-quality development of intelligent manufacturing in China. At the same time,
industrial applications characterized by high bandwidth and high frequency packet communication also pose challen-
ges to 5G terminal baseband chip protocol processing. In this paper, a high-performance protocol processing archi-
tecture with collaboration of software and hardware based on data plane accelerator ( DPA) is proposed. The archi-
tecture divides the software and hardware functions of 5G protocol processing reasonably, and improves the perform-
ance of 5G user plane data processing greatly through parallel design. Experimental results show that compared with
the pure software implementation scheme, the cooperative architecture proposed in this paper can reduce the packet
processing delay by 28. 3% and increase the packel processing flux by 38% on average under different traffic
loads. Considering the time slot configuration with 0.5 ms, the packet processing rate of the proposed architecture
is greater than 2000 packets/s, which can meet the centralized data collection of a mass of factory nodes for indus-
trial 5G.

Key words: industrial 5G, SW/HW collaboration, protocol processing, accelerator
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