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Abstract

With the development of the fifth-generation (5G) mobile communication technology, the applica-
tion and deployment of millimeter-wave communication systems and multi-antenna technologies
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have become increasingly widespread. The growing scale of antenna arrays in multi-antenna sys-
tems presents new challenges for the flexibility and feasibility of beamforming schemes. To achieve
flexible scheduling while controlling the complexity of antenna arrays, multibeam and transceiver
(TRX) beam splitting are investigated to support flexible scheduling under antenna complexity con-
straints. Both approaches enable the generation of a dynamic number of beams during the schedul-
ing process, thereby enhancing system performance. The single beam scheme is used as a baseline
to evaluate the performance of the two splitting schemes through system-level simulations, and
changes in system performance are analyzed before and after the introduction of a forced packet
dropping mechanism. The results show that, after incorporating the forced packet dropping mech-
anism, both beam splitting schemes achieve significant improvements in key metrics such as
throughput and transmission time interval (TTI) latency, with especially pronounced gains in la-
tency. Among the evaluated beam splitting schemes, the TRX splitting scheme delivers better over-
all performance than the multibeam approach.
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Figure 1. System-level simulation framework of 5G millimeter-wave systems
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Table 1. Basic parameter configuration for millimeter-wave system simulation

# 1. BRERGHEELASHEE

il E 24 e
WP DL 28 GHz
H 800 MHz
WL TDD
UTEET ) DDDSU
T A K 120 kHz
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7 5 1 %3k 3 /X
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ERGL L RMa LoS
Mk g5 AT Full Buffer
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BS HL: 5 R 2L 9 dB
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Figure 2. Schematic diagram of the antenna array
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I NIRRT EES o B SRR ENE T NG, BT REHIRE S P AR AGIETE, DR R gi 3L
B 4 MRSLIEIE . (ERE S R R, KR 4 AN R E RS E BT BRSO, AH G BT
VEECE LN 4ARBNum , #AKHE 2 AMEIE I EERSAE B AT BRI 20T, DR AH OC SR A & e
2RBNum
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Table 2. Procedure for acquiring the top 4 priority beams

F2. MERRSH 4 NRRIREURIE

BN: BT BRI PR B AR e )
fth: {b,b,,b,,b,} PN 4 KPR S

1  Foreachbeam b in BeamSet

2 U < Top 4 users associated with beam b
3 Priority, < Sum of priorities of users in U
4  End For

5  Sort BeamSet by Priority, in descending order
6  {b.b,,b,b,} < Top 4 beams in sorted BeamSet

7 Return {b,b,,b,,b,}

222. BIEHRSHR
PR 73— M R R BORIREAUE, 7228 () B AR AN TT BRI T 5. 0T 2 W ORI
B A EOBE YA — AR T 2O B U R BB B AT AR B, BT BL3RAS B S BB AR
1)
("): zft — (3)
[z
Horp, U R n WAL, £ SR A R SRR A R A R BB AE RS, 3R ie B, BN
VR 391 P 3 SE PR SR e S B
AT7RIGLMRYE 4 A EE PR (S B AT BB S, R D0 e 2RI DY AR 98 SR LA
4RBNum (50U, AEOR R AR S ERE, BT RILE 3.
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Table 3. Steps for generating the scheduled beam index set
3. ERAERRE SRS RIE
fN: {b,b,,by,b,} LSEHHT 4 PRI 5
TotalRBNum /3] F B EREL
otk FoELROREEERIROR g 5 RS

1 Sum <0

2 F«O

3 For n=1 to4

4 Compute 4RBNum b, //TFHEPH b, FITTIRHLTE R
5 Sum < Sum +4RBNum _b,

6 F«Fuib,}

7 If Sum/TotalRBNum >90%

8 Return F

9 End If

10 End For

11 Return F /UL EZAFIA RS, WIERIATEBE 45350 4 MR

223.TRX DR
XHF TRX /7R, BEMKHE 4 Nk 2 AMEIEFPRSE BT B YRH Bl iX i A ol , BIAR 3 2 20t
VU B AT 54 SR Y ARBNum « 2RBNum (S ECAE M, R AE R RS EES, BETRENE 4.

Table 4. Steps for generating the scheduled beam index set

4. EREEKRE SR ERIZ

BNz {b,b,,by,b,} IIHT 4 HIBHR S5
TotalRBNum 0] FH ¥ Y55
fth: F RO BOR R SRS
1 Compute 4RBNum_b, /[/iF5 b 1) 4 JBIE THFHLTE R

2 If 4RBNum_b, [TotalRBNum >90%

3 F« {b]}
4 Return F
5 EndIf

6  Compute 2RBNum _b, //TTH b 2 IIE IR K

7 Sum < 2RBNum _b,

8 Fe{b}

9 For n=2 to4

10 Compute 2RBNum_b, //iTH b, If] 2 818 FIHH TR

11 Sum < Sum +2RBNum _b,
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R F

g
12 F«Fu{b,}
13 If Sum/TotalRBNum >90%
14 Return F
15 End If
16 End For

18 Return F /UL EZ5AFIAN AT, WIERINTABE 45350 4 MR
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Figure 3. Beam pattern of the multibeam splitting scheme
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Figure 4. Beam gain pattern of the multibeam splitting scheme
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Figure 5. Beam pattern of the TRX splitting scheme
& 5. TRX #F 9 73 RIBRIB 5 E

5 5% TRX #3377 A TT MK, FIREAE T =023 (A AAAR R b, AFAE — Nl RS [ 4 2 i K T 59
PIN GRS . P 6 & TRX SRR TT RINBORE K, HrpBoRfi B Ghnid, SRS TR iR
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Figure 6. Beam gain pattern of the TRX splitting scheme
6. TRX KN KR EE

3.2. MEEIT

VA R IR0 7 R R RS, A SCR A FTP Model3 MV S5 B3 1T RGERAGT B, 2V ST RiE
SRHE AR, BA PSR ERRE, AR RN AR, BARE N BAEIEE RN
9 8kbit, i EJHHIY 2500 BFRE, DABLRLLE AR s TR RO R P K 5547 R0 X 24 S B R . 7 LA S
&7 HARQ UG5 BEIE RSN, W€ T SR T2 ARy 1 e, B4 SRR 60 76 80 8 B[R] 9 R g
LIS, WA B AL, N R A A IR R e SR “sm i RIS IE” o R, SN T RO X b
SRR, 7 BRSO BE LI 7 AT S, BRI R 7 /N X W AL B R R — B AR
AN BB T g B AR IE R E A 1000 ms. 8 ms 1AL M4 MR .

Table 5. Performance comparison of SU-MIMO splitting schemes
F 5. SU-MIMO $r 53 75 R REXTEE

PEREFE R TRX #¥5> LIRS FgE
SSB-RSRP (dBm) -104.08 -104.07 -104.07
PDSCH SINR (dB) 26.04 26.79 28.60
INX P E A I 3R (Mbps) 326.07 300.37 398.22
N7 2 (Mbps) 8.22 8.22 18.01
TTI i 4E(ms) 15.23 20.65 4.67
PRB Fll FH (%) 56.32 71.12 19.58

a3
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R %
g3k
0 1793 1673 4138
1 1130 1346 3362
XFF TTI R B U 48 17 77 T A2
5 2 1726 1620 0
0, 1,2,3, Hgit

3 1765 1441 0

4 1086 1420 0

P HUTTI 2.82 3.43 0.87

i) 2 AL 2 ¥ B 1000 ms BF,  EHT 2500 slot X R EE K 312.5 ms, U5 B AT A BN E
B WA AT, AR S PEsEE. RIER 5 BRI E I, TR
Th# SSB-RSRP 1M &, A7 REERILT— . X — Bt SRR 4 P REHH T [ PoR i 15
B BRI BCIE 0L N Bl IE B2 TR (e, A — BN ENE 7 =F 75 R LB, 85— LA
TR A T

FIE(E THe L PDSCH SINR A F it 7 F P B A b S8 i i . X EOAR R AT I, i)y
Rz LRI, T 2SR5 TRX Frp 07 RUEREALT, —FHZHBUN. X 4R LU, £
AT BRIF LT, RGAT DA RESGERE R EBR,  AWmERAS B om BRI i, &
FIRTT MATHERG IS E TR . MOAESEHEIR > Hems Ja , BORRIRGRI D BIAFD ), MRS S AR, (5
JRE AR -

1r SRS

A FIBRIR 5y 77 5 F F 2 gk & CDF ik
multibeam delay 1000
09+ TRX delay 1000 //
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0.8+ /]
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Figure 7. CDF comparison of user throughput under different SU-MIMO split-

ting schemes

& 7. SU-MIMO AEIHRS A RTH A EGER CDF 3ttt

5 SINR FEAK B Ak &, BTy ZARIA B RS . Wl 7 pros, SIgdr RER bk
LT TRX #5737 %, TRX 50 7 RN T 2SR J5 5o AE/NDCOFEIRIERIGR T, HLlgE 5 Ik F) 398.22
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R F

Mbps, HHXFF TRX #5435 2 g0 Rt 20% L b MifELg &R, Rii CDF #hk 5%4b
FH PSR, BT REUE N 18.01 Mbps, 5 TRX F1Z i 77 1) 8.22 Mbps #5 1 —f45LL E. ix—
ZRRY, EAENEZABNT, BREGSEERE. FHRXHAMERERE VIS, BORE Tk
WAL N, PSR S AR R MR SRS (B E ML, IR R A i
SERAE D0 T ORBE 55 FH P E A5 AR e 200 B B

TTI B S 2 0] 604 B B AR i D T FERSS ) (318, D BLEE R BRI %€ 0L 4.67 ms 2 E 4k
TRX 4573 FH 22 U R 77 SE M IR 2 3538 ) B 7 ZE (1 = (5 DA b, SZ PR TS 18 R = 2 07 S R A5 &R
AN 5 %

XFF TTI R B A 7 AN 4eit, X —Febrde et o fe v, Bt mad ida 1 0. 1. 2.4 3.
4 J7 R I ECR, T EINHKC Y 2500 slot, HATEA%Z 1 750k 3 /ANXBEAHEATH,  RIHAREAS IR 50 22
AR R 3 A, BB AR R R R A [BEAE 7500 MV FESERE MR, HRLIET RAE TTI
HELZRSTHR—J5m, 3o 7 HiIARIE 4138, HAX 2, FRERHBESIRE. MRS ET, TRX
Pror 5 2 WedR 0y 7 AT 7 4R E R 2R

TEF FNAEAR T, H5 5077 SRR TTL P 30T IR B i =5 LA b, SEERYR Smg BT T R4t
H1Z PR RE 1. BHR R (Physical Resource Block, PRB)FI F %X — g ¥ 4 v B2 1A FE BLyR B 5 2 ml 1
FEREERA b, SR T R EA 71.12%, TRX #7077 &N 56.32%, 1 Hlg 77 AN 19.58%, iX
Je RN HLE 7 %8 SINR B i, (S8R A, RIEE D BRI, WEE e m AL, AR ES LA
PRB.

Table 6. Performance comparison of SU-MIMO splitting schemes
% 6. SU-MIMO #4975 RIEREXTEL

TR AR TRX #r4> E4 /%y Fg
SSB-RSRP (dBm) -104.08 -104.07 -104.07
PDSCH SINR (dB) 25.71 24.77 28.58
/INIX P i % (Mbps) 395.89 390.68 399.61
DT 2R (Mbps) 17.89 17.62 18.22
TTI B %E (ms) 2.05 2.83 3.37
PRB FIH % (%) 58.56 75.96 20.67
0 1690 1835 3401
1 628 1182 4099
T TTI A s o s el N Geit 2 1498 1825 0
3 1884 1573 0
4 1800 1085 0
P HUTTI 3.73 3.17 0.95

i LA E R E Y 8 ms B, fFEERE 6 Fin. MKIBATLAM SSB-RSRP 48 #x EIUEFH A & —
B, HERR—SORM T N R 25 5 . PDSCH SINR #8 b5 71, JEARFR R E

EFERRILLE, =R RN RFE S E 2 RIS, g R, TRX RS T E. ZIEHFRD )T
Z3 70N 398.22 Mbps. 395.89 Mbps. 390.68 Mbps, #7E 390 Mbps~400 Mbps [X [A] Py, 1 & KA ZEAS
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Hd 2%. M1 8 FIREAT O BX — i, FEAHBLT AU R 05 sl i R 2 B 4 NS LR, =
77 51 CDF #2422 A1 FA) B B A SE T — 48, =M RT7 VR BEFFF IR I 2 0807 58 TRX 70 7 %6
LRIy T7 % o FIRERT, UG ARt Z AR, L IA) e KA 25 AN 1 Mbps, FRIGREAL T~ AR 7 %

ARG T7 5 T vt ik CDF gk
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Figure 8. CDF comparison of user throughput under different SU-MIMO split-
ting schemes

& 8. SU-MIMO A EIHRS A RTHAEER CDF 3ttt

Mxf e A RGN, TRX #5750 77 /N XAt 8K 21%, WS EHREK 117.7%: 2R
S5 FN X R IR 30.1%, ASGEREK 114.4%. 5@ E G5 NEE47 5 T Z RS
REA TR IR TSR TT R AR S it 3 S 08 iy, SRR BER T LA

TTI BREJ5TH, BFEINT b A, BAps R, Kb, BFEE s AR BRI 7 & TTI B 4E B
4.67ms (K% 3.37ms, TR T 27.8%, 1M TRX #7350 7% H 1523 ms FFF% 2.05ms, FE T 86.5%, £
WS4 757 % 20.65ms FFEZE 2.83ms, FFET 86.2%, XFF RGMEREIHAZENH T RIFD T EARGH
PERER TR HIHET . (RIS, BAUE 7 A0 TTI A RELL TRX #7435 % TTI A 4k & 64.4%, L2 IR0 %
7 19.1%.

PRB FIFHZIGAREA T — & B3R THE AR MR AN K HA X OC R 8A KA. s TTIH 505
[ A F) TRX #790 J7 5 2.82 FH & 3.73, 2T+ T 32.3%, MiZWER4 7% 3.43 NE% 3.17, &
T 7.6%, HUETTEM 0.87 FETHE 0.95, IFT 9.1%, SR/ MEART T R AR NOIEGT F, A2
AT BEAR ST LA W

FEREAS TTURE T AN SRR R, USR] 15, TRX #7575 1. 2 J7 [ 95 SR U 52 155 00 B S5 B AE T 4 7
)35 SR U RS L B R T s 2R BRI TRX 75 77 R SRR AR S TRX $7 50 77
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