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DRIL.-Assisted Fine-Grained Function Placement and
Routing with Reuse Scheme for SG Network Slicing
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(1. School of Information Science and Engineering, Southeast University, Nanjing 210096, China;2. State Key Laboratory of

Mobile Communications, Southeast University, Nanjing 210096, China)

Abstract The fine-grained split is an effective way to balance the baseband processing centralization and
optical bandwidth saving in radio access network(RAN). However, without efficient resource management
measures, fine-grained unit(FU) deployment under fine-grained segmentation can result in a great waste
of resources. This paper proposes a deep-reinforcement-learning-assisted resource allocation method for
baseband function placement and routing with function reuse (FR) in 5G fine-grained unit architecture.
Two novel mixed integer linear programming (MILP) formulations with or without the FR scheme are
presented to generate the optimal solution. With respect to the time complexity, the MILP models cannot

solve large-scale problems in an acceptable execution time. Therefore, the DRI-assisted method is proposed
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for the issue in the FU-based RAN. The simulation results show that MILP with FR outperforms MILP
without FR. So the validity of FR is proved. The proposed DRIL.-based method with the FR scheme can a-
chieve better performance with the minimized resource cost than the MILP method without the FR scheme
and the heuristic method. Also, addressing the large-scale network scenario, the DRI.-based method can a-
chieve higher scalability than MILP.

Key words fine-grained; 5G; radio access network, deep-reinforccement-learning

1
5G . .
. (NG-RAN) .
(DU) (CUHH, 5G . NG-RAN
. — 3GPP
. (BBU) (FU),
(PP) FU . . DU-CU .
FU . FU .
FU . . FU PP,
PP . (FR) PP .
. . FR (31, FU
. . FU 5G-RAN . .
, PP . .
. (4] .
DU-CU . . r2] FU
, . FU , BBU
. (DRL) el .DRL
. .DRL
\ [10] DRL , (C-RAN)
BBU \ 1], DRL C-RAN NG
RAN . ,DRL .
FU RAN . .
. DRL FU ,
. MILP .
, FR MILP . . MILP ,
DRL . .
. . . DRL .
2
2.1
1 . (EOND . EON (BV-

OxXO) (S-BVTD)., EON 5G GWV,E), \%



5G RAN

31

PP,

(RU),

1 EON FU
2 FU . BBU FU(FU1 -FU»" | FU1
;FU2 ;FU3 (MAC),
;FU4 (RLC), ;s FUS (PDCP)
, . 5 FU RAN RU 5GC, FU
PP :RU, FUIl, FU2, FU3, FU4, FU5,
\ RAN R[s.(b,,» FUD),(b,, FU2),(by, FU3),(b,, FUL) ., (b;,
FU5), bss d ], s d by FUk . b
FUS5 , PP FU FU . . RU 5GC
( ), D . ‘ o
. FU . .
RF |—{LOW PHY > QAM » Decoding > MAC > RLC > PDCP > RRC
RU . > FUl Py > FU2 . > FU3 y > Fu4 . > FUS y > RRC

;b1 =86 016 Mbps; b, =32 256 Mbps;bs =7 140 Mbps;b, =4 500 Mbps;b; =23 024 Mbps;bs=23 000 Mbps,

2
., FU Cle, Cf FUk .
(GOPS), 2
1 PRB
Cl*=a, <3A+A2+§M ¢ RT e+ L) D
ax FU- WA M sRT coiing ,L  MIMO , PRB
o Qi [14] o
FU . FU FU2
PP, PP FU?2 , . FU?2
PP .  FU2 , .
FU . . FS (b, /(ML + 6,07 1,
b, FU. ML b, FS 1. EON
FU PP FU . FU FU

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



32 ( )
. FU . . M/M/1 [15)
e :ﬁ , (2)
Ty FUk i JRTp FU RT e .
FU T.. FU .
PP FU : FU
i j T =1p /(c/n), Lp .C N
(GD, GI PP FU PP
FU .
PP FU . Tow o
PP, .
: r
Ty =D Xiu s TP+ D VH e Tows+ D0 Zps + 22 T8 4 D00, » TS+ DSV, o T, 4 (3)
X . k  FU r e(iy ) . H,,
; r i o Zrn . FU% r i
FU, O,.., : r  FUk i . SV, .
r  FUk .
2.2 MILP
MILP FU . .
MILP :S e EON K FU . RU,2 FU1.6
FU5,7 FU;F,, r PPi JE, i 5G ;
NB FS :C., PP T/ FUL i T
N i NB/" FUE  FS ;RD .
MILP D,, PPi ; My » FS
; X s r k  FU eCiy j) ;
XF oo s r E FU e(i, j) FSf ; UF,, ;s  e(ig)
FSf ; T, r  FUk ; Ty, FUE  PPi
; Q... FUL PPi ; Us.i s FUL  PPi ;
a,pis I ; Guri» T ; P,ris Gui
Minimize:
ae 2D B Mg +y e [ D)X THM H,, * To
i ivjarek rvi€ [1,|Snode| > (4)
+ D Ziwi o2 TE.+ 20T+ 20Qu, » T, ]
rokvi€ [1. ] Snode | > ok ki
MILP . . PP
, Mg asfs o

FU



5G RAN 33

(2]

JFI’~I‘ k=1
()7‘-,k.1 - ’ (5)
B e=[K|.Vr.
Zor.k.i::l’ Vr.k, (6)
Di< 2 Or.k.ng’Divvi ] (7)
ril<k< | K |
(5) , 5GC o (6) FU PP
o 7 D, 1, FU PP: ) 0 .
Qi < D0, <N« QuisVkii, (8)
Qk.i M C’{“ g C(»/;v VZ ’ (9)
1<k< | K|
(8) Q. 1 ., FU& PP: , 0 o 9 PP
[0.F, ;=1
2 Xijorw = JVr.g, (10)
i#j k< | K| II,E]' =1
Xivwr— > Xij,u=0.F,;=0,E;=0.Yr.j, (an
i#r k< | K | jFEr k< | K|
D Xigoat D) Xk <1 YijG£ ) or s (12)
k<K | E< K |
(10) , 5GC, (@D 5GC
. (12) .
O, = 2 Xijusif F.,=1, Vr,k.i, (13)
jeok<l< | K|
2 . ()r,k.i < E Xi.na'.z’./l + 2 Xnd.,‘.r.zz < ()r.k.i +1al'f F,».; =0,Vr.k,nd , (14)
i 1<i1<<k—1 jok=i2< | K |
(13) 7 r . r FU%, r FU-~
i, (14) b FU& nd s r FU%
, FU-~ nd .
XF;‘.j.().r,k:Ovvivj(j#i)ﬂ"vk . (15)

XFi.j./',r.k > NBk/“ + N - (XFi.j./,r.k - XF(yj./*l.r,/t — 1 — (1 - Xz.j.,—,k) - N,

f<f'<min C f+NB#« , NBlink >

Vl.sj(].¢i)’rvk’f9 (16)
(15) FS 1 , 0, (16) FUE r FS,
UF, ;. = D>.XF. - NijG#i)of (17)
r.ok
MFSI}f"UFi././?vl.s].(].ii)9f‘7 (18)
Mgt << NBjiu (19)
an o (18 Mpsr, (19 M s, FS .
- Hl;.ud < ZXFI.WI./.)’JE - ZXFnd.].f.r.}: < H,».,,d ,» V¥ nd vfaT ko 20)
iZnd i Znd
(20) 0
Ui = 2,0,,..Vi 1<k < |K]|, 21)

H,, < >0, <N-+H,  ,Vr.i# [Su.
3

, (22)



34 ( )

Z'Zr.k.i<Or.k.i7()r.k-l.i+1<Zr.k,i+lavr72<k< ‘K‘yi ’ (23)
21 FUtL  PPi . 2D r i H,., 1. 0.
(23) FU% r i FU  Z, .. 1, 0.,
ol = T Yk, (24)
" 1—RD .U, /C[*" """
(24) i FU% . . G .
Gk.[: mdL U”(’Vk’l ’ (25)
N+ (@Qu —D<U,., — Zr e Loy <— N+ (Qui—D.YEai. (26)
1
;m(zie - E 7 M Gk,i . Ly.k,[ . V"sk ’ 27)
DL =1.Yk,i, (28)
(25~28) G . 27, .
(26) FU i
Pr.k,z :Gk-,i . Lr./q.,i ’ Vr9k 9i 9 (29)
Pr.k.i < Gk,i’ Vr,k a1 s (30)
Pr.lc.,i >Gk,i +N . (Lr,k,i - 1)9 Vrvk ’i ’ (31)
Pr.k,i<N 'Lr.k,i9vr’k7i s (32)
1
Q. — D TP — > P =N Q=D Yk (33)
(29~33) P,..
=300, TEEL Y r 1 <k < |K| . (34)
(34) r FUk 0 o Ap,p,r o
arpi =0, « TR Vr 1<k <|K]|.i. (35)
@ < TP Vr <k <|K|.i, (36)
i = TP +N O, — 1D Vr. 1<k << |K|.i, (37)
ay-,k.igN'Or,k,iaV791<k<‘K‘aia (38)
M= a, e Vrl <k < |K| . (39)
(35) Arp.i s (36~38), (39) o
D Xojow o Toy+D2H,  « Ty + D Zeas o 2o TP DT A5« Ty << Ty V5 (40)
ivjak i ki€ [1. | Snode | k
(40) ° ’ Agent DNN
o P— | o
| | | 02l |
3 —— »l  Sttes, — © A% ———
B oo
MLIP s . Environment
| e )
’ ’ | M// L | ‘\\ ~argmax O(s,, a,)/‘
. : DRL . R b
’ ’ o\ \ | \
} [ of | [nodel node2 node3J
’ ° 3 DRL

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



ul

5G RAN

35

,DRL

DRL FU

. DRL
,DRL ,

RAN
(DNN)

,DRL
BBP&.R

RAN

o

1

DRL

FU

10

11

12

13

14

18

19

20

21

23

24

for

end

2y

Sy

c el0,1]
if ¢ > e then

else a, =argmax, Q(s,,

if a, then

FU

PP

fork € 1.2,--,K :
I

end

I

else
L
(sew@rs 7es 5t
end

end

a;

a)

PP

+1)

DNN

s (b, FUD,(b,, FU2),(b;, FU3),(b,s FU4), (b5, FUS, b)),

(k#£5)

DRL

5
FU

M,

Navail

“rok—1 N

T

total
rok—1

’

o 3,4
b, R
FUS5,
PP
sDRL t
RAN

used
rok—1 9

FU
ST (M e s

b

sed
ACT, . DN

k ,

1 DRL
. DRL :
5
R 5

( bs) o

bs
’

r

o

total

rok—1 7ACT,,,k71 ’MFSL».kﬂ ) ’
FU

avail

“rok—1 9

FU,
RAN

FU

FU. C

avail

rok—1

(/)5 ) FU59 bb)

o

5

used

rok—1~

PP



36 ( )

o T r k—1 FU . ACT, ;- r
r—1 FU . M, . p—1 FU  MFSIL
6~9 ,DRL e—greedy il o ['S node | , ['S e |
RAN o PP o 10~12 , ,
FU o , K 0 13~16
., FS o I, ,
FS, FU . 5GC
, FU( FU ) PP,
, ) o 18~19 , ,
DRL 0 17 s , (3) o
20~24 , (Ses Qoo Tyy Sit1) R DRL , DNN
loss = E{[r,+ {max Q(s,+1» a,+1) — Q(s,» a,)]*} , r,+ ¢ max Q(s, 415 a,+1)
Q QG sa,) Q . ,DNN
Q .
2.5 . T T
[—5—MILP with FR scheme
MmN i
é —7—KSPFF with FR scheme %
o 1.5F
/@ § /
0475?:57 § 7l L L

05 L 1 1 1 1 I 3
2 3 4 5 6 7
Number of Requests

4 5
4
MILP DRL , K
(KSPFF) , FR . 9 , 4 . 1
1~4 s 2 5~7 o 9 5GC , o
MILP DRL Intel i7-10750H CPU 2.60 GHz 16G RAM , MILP GUROBI 9.
1.2(https: / www.gurobi.com/) ,DRL Theano .
32,PRB 500, 6 bit, MIMO 2 100
FS, 101, 0.9, 32, 4 x10", 0.8,
5 o s
, . ’ FR FR
MILP , PP FU o ,
DRL  KSPFF , o
6 (a (b , PP  MFSI . FR
FR PP  MFSI, FU FU
, FU , PP, MFSI FU FU
KSPFF . PP,

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

5 , 5G RAN 37
. MFSIQ G(C) ’ ’
FR s FU s o , FR
8 P PN 8[—— : ! N e ! PN
—Qn 7-4;_,\; ©FR sohome B .7-—;— . : R —O—i:)u_;wn_h FR“scheme P4 A
EA A= R I A—MILP without FR scheme _ 50'_5_?/1{}““ w‘,t,hu (FR ijcmc 4 g b
& [0 KSPFFwith FR scheme | " ] "[|-v—KSPFFwith FRscheme | " ] ~
4 st o~ {1 5t P i £ 4ol —~ A ]
=i ey s - e S| yay 4 |
%.‘;— I/A’ /O’ E 3+ ,I,-—s-—--“" A L //’3 b }_,;J" ,V/, ’ﬂ"
g2t &7 / a4 28 v/ o o 1B yavd
s /S 7 [ Y A 1 v 1
E ' W
A%+ Y 3+
- Number of Reqﬁ:sts : B Number of Reql:ests : " Number of Reqﬁ:sts : '
6 (a) PP ; (b) MFSI; (c¢)
7 DRL o 7 ,DRL 500 , 0, 1 300
s 0 1 300 , ,
—0.7, s DRL > .
70 — . 0 IMIL}; T T T T T
Iy VAN -2 J i i
60F1 ° Y, : 1 500 H=C—DRL-assisted algorithm -
LI ot | © : -
LT I 1 -
DU 11 | =
Ll 11 & | 1-6 =
of | [V % oo} |
| R 1000
2 ——Loss []_, ~
[ —o— Reward] £ soof i
g
=0
<
1 1 —18 o i
1000 2 000 3000 ]
Episodes Number of Requests
7 DRL 8 DRL MILP
8 MILP DRL o 6 ., MILP DRL
) ,GUROBI ., DRL
o , 6 ,MILP DRL ,
MILP » DRL o ,
, DRL MILP o
, , MILP FU ,
, DRL o
5
DRL , FU
o MILP . o MILP ,
s ;  DRL , DRL MILP
o »DRL , . ,DRL
KSPFF , DRL o
»DRL MILP , o ) DRL
, 5G RAN

http://www.cnki.net



38

[1]

[2]

(3]

(4]

[6]

7]

[8]

9]

[10]

[11]

[12]

[13]
[14]

[15]

(C)1994-202

GIANNONE F. Impact of virtualization technologies on virtualized RAN midhaul latency budget: a quantitative experimental evaluation
[I]. IEEE Communications Letters, 2019, 23(4): 604-607.
XIAO Y M, ZHANG J W, JT Y F. Can fine-grained functional split benefit to the converged optical-wireless access networks in 5G and
beyond[J]. IEEE Transactions on Network and Service Management, 2020, 17(3); 1774-1787.
GU J H, ZHU M, SHEN T Y, et al. Delay-aware and resource-efficient VNF-service chain deployment in inter-datacenter elastic optical
networks[C]// 2021 Optical Fiber Communications Conference and Exhibition(OFC), 2021 1-3.
XIAO Y M, ZHANG J W, JIY F. Energy-efficient DU-CU deployment and lightpath provisioning for service-oriented 5G metro access/
aggregation networks[ J]. Journal of Lightwave Technology, 2021,39(17): 5347-5361.

, , . OFDMA-PON [J1. ( ), 2020, 33
(6): 40-46.
CHEN X L, LI BJ, PROIETTI R, et al. DeepRMSA: a deep reinforcement learning framework for routing. modulation and spectrum
assignment in elastic optical networks[J]. Journal of Lightwave Technology, 2019, 37(16): 4155-4163.
ZHU R J, L1 G, Wang P, et al. DRI-based deadline-driven advance reservation allocation in EONs for cloud-edge computing[ ] ]. IEEE
Internet of Things Journal, 2022, 9(21): 21444-21457.
ZHU M, CHEN Q. GU J H, et al. Deep reinforcement learning for provisioning virtualized network function in inter-datacenter elastic
optical networks[ J]. IEEE Transactions on Network and Service Management, 2022, 19(3) . 3341-3351.
XU L F, HUANG Y C, XUE Y, et al. Deep reinforcement learning-based routing and spectrum assignment of EONs by exploiting GCN
and RNN for feature extraction[ J]. Journal of Lightwave Technology, 2022, 40(15) :4945-4955.
RODOSHI R T, KIM T, CHOI W. Deep reinforcement learning based dynamic resource allocation in cloud radio access networks[ C] //
2020 International Conference on Information and Communication Technology Convergence(ICTC), 2020:618-623.
GAO Z G, YANSY, ZHANG J W, et al. Deep reinforcement learning-based policy for baseband function placement and routing of RAN
in 5G and beyond[J]. Journal of Lightwave Technology, 2022, 40(2): 470-480.
ASKARI L, MUSUMECI F, SALERNO L, et al. Dynamic DU/CU placement for 3-layer C-RANSs in optical metro-access networks[ C]
// 2020 22nd International Conference on Transparent Optical Networks(ICTON), 2020:1-4.
NTT DOCOMO, R3-162102; CU-DUSplit: Refinement for Annex A[S]. 3GPP, France 2016.
SHEHATA M, ELBANNA A, MUSUMECI F, et al. Multiplexing gain and processing savings of 5G radio-access-network functional
splits[J]. IEEE Transactions on Green Communications and Networking, 2018, 2(4): 982-991.
CHEN X L., ZHU Z Q, GUO J N, et al. Leveraging mixed-strategy gaming to realize incentive-driven VNF service chain provisioning in

broker-based elastic optical inter-datacenter networks[ J]. Journal of Optical Communications and Networking, 2018, 10(2): A232-A240.

( : )

3 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



