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Abstract: Location service features are enabled in 5G to allow new and innovative location-based services to be de-

veloped for kinds of scenarios and the key performance requirements are identified by 3GPP. Firstly, the planning of

location service feature in each standard release of 5G was introduced based on the standard process of 5G

high-accuracy positioning in 3GPP. Secondly, 5G network-assisted BeiDou navigation satellite system was studied,

including the positioning technologies and the standard progress of A-BDS in 3GPP. Thirdly, the network architecture,

key technologies and the standards progress for sidelink positioning in 5G were introduced. Finally, the evolution of

6G positioning was analyzed.
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JE . EARES G A e A MR A S R
TEZBM (vehicle-to- everything, V2X) 5 T,
BR A& 2 /0 SR K 1.5 ms EH 3 m E AR
FE; 7ETAEYELM (industrial Internet of things,
oT) it F, KT EMRZEED/NF 1 mP, [
EA =52k PR FH RGN A g It T iE
%5, 3GPP SCRFRHB) P e R Tk =5
SHUERRE, BAEEARRME . PERERHER—EL
PR bR, R Bl 2o 2 1 K (R R L
e VAN

1 5G EfFrEHRKX

3GPP £ 2017 SF5E /K T 28— DNRAN 5G #r
HEHIVE Release 15 (Rel-15), FE5ENIEHEAL D)
Bt (enhanced mobile broadband, eMBB) V5%
R B] 55 B ACES SE 38 {5 Cultra-reliable and low-
latency communication, URLLC) FEANV 55, ¥ 2
oy 5G MR, FHFARIIAET 5G FraiH (new
radio, NR) {5 SHIENBIAR . BKlIL Rel-15 % A7
T TH ] FR) 2 L 7 53 ) P 19 8% B B 4 sk A 12
fE R4t (assisted global navigation satellite system,
A-GNSS) EMHARME SR, WiFERkIESFH RS
(GNSS) sEfrsgmAEf AR AR #E5Thhe, it
UE RENSTE 5G RN T SCFF GNSS ks E L.

Rel-16 72 5G bRt EE —ANWUA, SCRERE AL
TR AL E T 08 8 W e AL AT T I 58 ) E 7
PRERLELART ). P T 5G SR S
MEN=ER =L DA AT [ S A S VA W o o = o > S
B GHIHES BIC. 3GPP Rel-16 /2T NR 155
(2R — NI g e L RRAS, BT R R 4k R 4t
CRHBLZ N\ Z i (multiple input multiple
output, MIMO) FAR) [dsoH & g v] LU L]
AL 3R A 8 1) 2 TR A B, 5 I i) 0 2 2 AL 2
ShTE REE, BT NRESHKT LTEFS
5 LS SE AER I P g An,  mTRASCHRE 2 R
W (EA AR UM A UMa @iE R R

AZ A AL HOR Cl S 4755 RS FK N ] 2 (downlink
time difference of arrival, DL-TDOA) i J5 %A
AT = T/ (downlink angle-of-departure,
DL-AoD) &7 775, FATHERE Bk 7] % Cuplink
time difference of arrival, UL-TDOA) 3.} %A1
ATHE R B3k A Cuplink angle-of-arrival, UL-AoA)
ENTTE, Z/NXAERATRER (A (multiple-round
trip time, Multi-RTT) sEfrJ7i%, BAAIE 5/ X
PRiRE A B,

5G FREEEE R Rel-17 B, 5G 1 TAE H A2
FETHIE B8 W E AL BOR RS o PRI S A T 2%
o (A S 3R T IRE AL = 5 23k S
SEIXUIE S B2a A1 B31. ] [l 55 9 (1) 47
FERKE R T, FEA R E CGE I ZE)
W, WIRA TR T, RS, R E
PLRCRI T R85 B REHEH I E M7 EMN S
#1559 (downlink positioning reference signal,
DL-PRS) %, MALKSCHFARBUES T HIEN .

3GPP £ 2023 4E58/% T Rel-18 3 AL H 7L
HE, b de TR SR 3 2 e b b F 3% R
Ko H—, EftERedt— B R, WEEAEALE
fr ARDIAE SRS BEE AL AT E RS 5 B S G
B, SRR B N SRt AN E A N S s R B
MATHERE (sidelink, SL) Ef7 fRAE 15 2 £
(RedCap UE) &7

2 MBI £k DESFMEMRA

W24 B AL T A FH RS (assisted BeiDou
navigation satellite system, A-BDS), seigifil#
A P 45 4 b 2 T R SCAE BN B 5 B S it
g, BB pUE A I A B e R
Ty WONERLRIE, $ETHEMREE. HBAH M
WAL LR SH RS (BDS) ML, A-BDS
TR SHUE 5 R R RER L RE 5l LIRS T 2
3, JF HU AT AR T ] DX sl 52 3 — g M )
THOL T LI LR FHUERL. A-BDS HAT 5E A7 [1]
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B FEHREC. REUES
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K37 3 52 AL B (LTE positioning protocol,
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SENL UL-AoA 5ENL Multi-RTT 5& 17 F1HE 5 /8 X
PRGNS, BLIER) LPP 4 4 SCfpdt Tkt
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ity 78 B A A s A - 2 ity B AR AR B AR =
A BT A A 8 AR 55 4 32 1 4 Bh s mT BAK
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S A B s . DR 2. PAEE
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(real-time kinematic, RTK) %% FlIfE 55,
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JIEEAE 1B« SLPP A g 23 i) & 7 BV FH 118 2
H1) UEA. UEB. UEC. UED ZJil, ti NRPCS
Pe7K#. [FINS SLPP i&4E UE S & HI)he
(location management function, LMF) 2 [8] 4%
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JIEE R 55 4 2 i, 8T IR 55 4 28 i 1 58 AR UE L
TERZ 5 A R S . ARE, A E AR
YR TR I% SL €SI 2% (sidelink positioning
reference signal, SL-PRS) 155 [\ £ 141 57 I &
20, SFTTINRE A S5 KIE SL 5545
B, FRFAK SL E@ALE S HCE, (AT 5 B fioil
& SL EMNZSHEE T . RIS A E R IE 1
E HAr&unfs B, Kik SL @S EES. &h,
I 2w e N B 5, R AR AL EAE B4 IR 55 A
Ay, BB TR B MR IR S5 A L Ik i
(07 AT IR 145 H b3, 56 AR IR SL g frid
Mo b, RSG5 a5 2t v] LR A A 2, AT
DA i & 0, B P] DURAE 50 =7 2
3.3 IEHER

H il 3GPP Rel-18 IEFEHEAT SL 5 5 HIARHELL
TAE, SL @Aif5 5 R MbrdEf TAE AT
BRI EALE 5B AR DL BRI B T

SL-PRS XM Gold FF¥ll, CFFea K
FULE I ST S, SRR e ST
¥ M>N I (M /& SL-PRS 5 I IEAS A4 52
FHIAH| Corthogonal frequency division multiplex-
ing, OFDM) fF5%(#&, N /& SL-PRS i1 R
s} (comb size)).

XtF SL-PRS {55 1&4, A LA HIME—H) SL
{55 #5487 (sidelink bandwidth part, SL BWP)
H (P BB L A BRI L S R R, AT R
el

T SL sEfif HBtiiithrdr, A5 SL i3t
{518 (physical sidelink shared channel PSSCH)
1 SL ¥ mif51E (physical sidelink feedback
channel, PSFCH) MA{5iE. X SL At
B, {3 g SL G
information, SCI), J H. SL #¥ #% l{5 1& (physical
sidelink control channel, PSCCH) F1IAH L)
SL-PRS Z7E[F—I PR 732 A (time division

. (sidelink control

multiplexing, TDM). 7£%& F Bt it v A SCH¢ H
FEME Cinter-UE coordination, TUC) 154

FEFLEBHE M, ¢ T PSCCH A1 SL-PRS (1)
SRR, G TDM. fEdtsE &g, 4
SL-PRS. H5<HtH) PSCCH Al PSCCH A FE
PSSCH #¢ (FEAE R — B i, XS KF PSSCH
A1 SL-PRS 2 [ TDM. fE3t=ZZ B EMF, 4
SL-PRS. H5HtH) PSCCH Al PSCCH A FE
PSSCH %t 45 7E [F] — I B Fh isF, PSSCH FH T4 %
g% SCI 1 SL L= {518 (sidelink shared
channel, SL-SCH). XTI 1) SCI 5
4, UE &% SCI1-A 1 2nd SCI H-T- SL-PRS &

Re RTILZFRPFMAN SCLEL, LRE—FoF

#3501 2nd SCI H 487~ SL-PRS &4, % 352
TYR, EH SL HEam A X Scheme 1 A
Scheme 2 FIELA TUC 54

X} T SL-PRS HRSMC, SL-PRS 327 Hi Jk ki
4T SL-PRS BEUE A FE Scheme 1 B /3B 77 2\
M UE #HT H % SL-PRS #HEFE Scheme 2
BIR L 7 2. XFF Scheme 1 [ SL-PRS &5
ic 7720, &% UE AJ LA gNB #2105 SL-PRS %284
M54, BFASENEES R EREER 1
FKA 2, XFF Scheme 2 ) SL-PRS T 7 lic /7 5K,
SCREAE [F] — /> B2 Ut v 5] I 750 B 5 3 e ) %
U5 73 Bie 7 20 A K R T B AL 5% 1 R R 4 I
3o X T 3 22 B IRt 1) 2 T B R ) R R
SL-PRS # H & T /& E1 1) PSSCH % sk £ 1 72 .
Xof T FH BT IR 1 2 TR ) SR A T, SR
HA TR P2 B0 TR 1 B IR AL A
VAL L IS
4 LHRIE

3GPP HAETIEFEHEAT Rel-18 &ML IbRHELL T
B, M 2024 FFF4, TG 23T Rel-19 271
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. ¥ BISL (extended reality, XR) 7. i
5 AL A LA R AR B 58 A 55 07 11 7% B8 4k
SEEAT € ALARUE A3 9 TAE .

RKIE 6G TLLIEE RA MG kSt 1T %
RLFRAE R TAE . 6G R — AN m BER e fb 1) o
LRG0, Kol AL 5G HEiER a5 KT 58 DA
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AT, e SR AL v R e R 1 20 1 3 R
MRk . 6G MK AEERAM AL E R B
WU A BRI AR B BRI R S, K IA
BRI ENREE . AUML FoARM 72 Ho i
6G H1, FEIFRDFIH 6G BB FI =& [t 5
BRR AR 6G TR 2 48 R aE B i)
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WG R R A (R AL BT AUML 8 e ALk
MG ATRERCN 6G IBRANEIE KA EEAM e R A
U7, [R5 s LA (simultaneous localization and
mapping, SLAM) 77544 A8 SEI 2 FEAG I Sk
XR R PL K H B 3R AR AP S &
PRSP BEE . 2B E A EIA AR
HAT BT kS P e Ao B R K i A
B HRER o K215 5 SE A K SR B S 40 7 1)
(I RFR R LRI (I REAIAE ) 0, NSl
o0 T [ A SR A S Y. Bl AN KR 2415 5
TR AR LD DhAR SR FIPH 28, 7525 L e
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BT 8 LIS P B B R AU
P S A w220 [ O A R (=05 A s AR oy i

ZR1H (reconfigurable intelligent surfaces, RIS) ,
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