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=
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ARE FA HAE Fd =g AS(ACK/NACK) Ol tigh FAlvke] L1 AlS] 441 A2 (TX L1 Proc.)7} €=
Ho] AAEES FHlek=d 7hA dEle AIRE
[0043] g, @ wiEE ARE Fol] Pl dHe] 2 el Wg/d (INACTIVE) Zel, €73 (CONNECTED) el
To2 FEE & duh. o] AS-, AHl Hol(state transition)dl o FAH A& A Ao AGeojE F QUrt.
gk, W] feor Axate] oA HAEE AAJd A=W AH|~ Xdo] HejH F rh. ol AAES
otefjet ol AHejd 4tk
[0049] - RS AAdr ddo] HEY AEjel A ol F/FAl & A% &4 FEHE Folsket A8 EE AR
[0050] -HESH AHlZ A gide] 7RSS WA e AELHE FAske ¢ HeolH SAle]l dEEE A7k
M=o W AMuj2~ wd AlZF(mobility interruption time; MIT)
0052]  FAACR, gEd FA T A% AL 3P P2 A% AQ% 4P 92 45 Adoz ¥FY F Uk
(053] 2% S WA A% AAe AWs] 9% AdEeln, ® 3o A% 93 A% Ae A¥sy] 9% AdE
o},
[0054] L 204z St WA AS AAe] a4Eo] FAIHO S, = 3olAe A HA S AAY ahEo] FA
Hol v}, 9, = 2 @ = 33 ¥y FEFHE ol 1 2 F 20ME = 2 2 &= 304 FAE AA 84
o digk 4of, 7} XA 845 AA3e= FACIHFBS) B GHWUMS)), 7 A 847 ded dug F
A AS AD, N B A AA, B R AEE AA, B/Ee B S Al AdEe] A=A of N
2 e
[0055]  obd X 1& 3% ¥ A% AQ anel od gL e,
721
T[)I.,.I . 12/13 Processing delay for incoming data . X X X
TU!.,I L1 Processing delay to encode DL (inc. TTEalignment) X X X X
TDL_‘G Time to transmit DL data X X X X X
TDl.A L1 Processing delay to decode DL | ox X X X X
Tpys | U Processing delay to encode HARQ ACK/NAK X X X
TUI..-G Time to feedback X X X
Tprs | L1 Processing delay to decode received FB X X X
T, A L1 Processing delay to encode DL X X X
TDL,'J Time to retransmit D1 data X X
TUL.lﬁ L1 Processing delay to decode (re-)DL data X X
T 1.2/13 processing delay for outgoing data X X X
[0056] oL P DE Ry HOInG |
[0058] obe ¥ 22 A% FA HAE Ad S4B s wES YEpdL.

_12_



[0059]

[0061]

[0062]

ZIHSd 10-2020-0057647

* 2
[T oeipin [ [ws [ean[esw[ame] s |
Tm Avg waiting time for SR % & 5
{inc. L2/13 Processing delay for incoming data)
Tin,y | L1 Processing delay to decode SG X X X
Ty | Time to transmit SR X X X
Tyrs | Lt Processing delay to decode SR X X X
Tups | L1 Processing delay to encode SG X X X
Typs | Timetotransmit SG X X X
Tine | Processing delay (to decode SG) X X X
TUI..? L1 Processing delay to encode UL data X X X X
Tm Time to transmit UL data % x x >3 X
Tipe | L1 Processing delay (to decode received UL) X X X X X
Typ,pp | L1 Processing delay (fo encode (re-)5G) b X X
TUL.H Time to transmit {re-J5G X b X
TU[.,IZ L1 Processing delay to decode (re-)5G X X X
Ty | L Processing delay to encode (re-)UL data X X X
Typpg | Time to transmit (re)UL data X X
TLJL.IS L1 Processing delay (to decode recaived UL data) X X
Tun,1e | 12 Processing delay for outgoing data X X X

o

4= 0 7 A/ AAEE A AofdRl A, diole AE, 2 OACK/NACK BH HAF HY A AAE
s

3 HAzE = 7] & 32 AV FA A AE/AES A AR A, doly A%, 9 ACK/NACK
F A AS(K0~K4, NO~N4)S A3},

_13_



[0063]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

10-2020-0057647

Ko [in TTI] Delay b/ w DL grant & cormesponding DL Data (PDSCH) RX

Ki [in TT1] Delay b/w DL data (PDSCH) BX & corresponding ACK TX on UL

&

[in TTT] Delay b/w UL grant EX in DL & UL data (PUSCH) TX

K3 [in TT1] Delay b/w ACK/NAK BN in UL & corresponding Re-TX of data (PDSCH) on DL

K4 [ine TTI] Delay b w UL data (PUSCH) TX & corresponding ACK RN on DL

corresponding PDSCH TX from BS perspective

corresponding PDSCH RX from UE perspective

NO - # of O5s required tor e(g)NB processing from the end of DL grant TX to the earliest possible start of the

- # of O5s required for UE processing from the end of the DL grant BN to the earliest receiving of the

corresponding ACK/NACK TX trom UE perspective

N1 it of OSs required for UE processing from the end of PDSCH RX to the earliest possible start of the

possible start of the corresponding PUSCH TX from UE perspective

N2 # of OSs required for UE processing from the end of PDSCH containing the UL grant RX to the earliest

of the corresponding Re-TX of data(PDSCH) on DL

N3 # ot OSs required for e(g)NB processing from the end of ACK/NAK RX in UL to the earliest possible start

corresponding ACK/NACK TX from BS perspective

cortesponding ACK/NACK RX from UE perspective

N3 | - # of OSs required for e(g)NB processing trom the end of PUSCH RX to the earliest possible start of the

- # ot O5s required for UE receiving time from the end of PUSCH TX to the earliest receiving of the

A I Ad BAE A o8] IEA (transmission point) &2 shube] whdo]

®38H(split or segmentation)S E3 HoJE|E HEsk 4= Q).

-

%5 AN FR/ETS B A5S AEE] A% AdEelt,

= 58 =z, FH/EY AL FH/ET
data convergence protocol) FT&/#sto g FRE 4 vy, w3 FH/Es
do]8 w9l (data unit)S 7|52 2 SDU(service data unit) =

[e)

B
l
om TRY & dvh 7 A% /%S ok 2ol Aeld £ Arh,

%3 (duplication) T+

T E = AS=(layer)o] wal, MAC F8/%3 2 PDCP(packet
=

&S TH/EDS tido] He

/%% % PDU(protocol data unit) =& /%3

-PDCP PDU FE/%3 HE: & 59 (a)B F=F3PH, PDP PDU FE/23 A4S FA(HHZA o]F A
(dual connectivity) T+ % A4 (multi-connectivity)s A LstE Ao #go] 7}53sltt. $24= PDCP
Aol A PDCP PDUCl thet S5 /+&s 4 + 9lar, 5215 PDCP AlZolA PDCP PDUCl dhgh F& /&3S A
Z(detection)d &= Ak, TH AT A, FASFES FASoZHE T HAE5E PP PDUE T Hol% kvt
o] FA1E POUE A (AZF) st shunt Falek A9, 418 PDCP PDURE A ejgtc). whek, 27 o]/te] &

B Ao A$- d1be] RLC entity2HE A2d PDUTE x)gc)t. dFube] PDCP PDUE Master Cell Group(MCG)
9] RLC entitye] HE=m, & PDCP PDUE Secondary Cell Group(SCG)<] RLC entity® He®th. z+ RLC PDU

= MG cell groupS E3 AEHESF 3},

-MAC PDU T5&/#3 A&
[e]

A (AE) et shtnk F=4
3 MAC SDU % &}be] MAC S



[0072]

[0074]
[0075]

[0076]

[0077]

[0078]

[0080]

[0082]

[0083]

ZIHSd 10-2020-0057647

NEoZRE FB AFH MC PUE F Hol= sht ol ge] #28 PIUE el (AF) ek, st FA8 B35
GA18 shbe] MAC PDURE AP @eh, WoF, 27 oge] FB FAle] ZF £A% MAC PDU F shikel MAC PDUR
A g,

olgle] AuoA, F&H/EFE HAES 5= A= 71A = (base station), %7 (transmission point) E&

RLC(radio link control) ¥ (entity)d 4 ATt. &, A 7|A= FolA 3o 7|A=E F 3kt 7]

Aoro] F= 1A= (primary base station)o] Ho @Y FARA HAEFES FAAY, o2 7|A T (secondary
ab

base station)& #lolste] Apal& EFFe Hol FAo o3 AES AT 5 Uk, o] A5, 7IAFEL 7]
A= ZF A Fol~(dAdd, X2 IFFAo] )& Fsle] Heg AN1d"HES 3T ¢ dok. e, e VA=

of &3 AY M2 gE 7|AFE £33 A< (transmission point)E EE RLC AEEIE o8| &H4: 54
of oJ& HFol FqE + Uvk. o] B, T AT &I AFHEL T VAT oA AolA F
NI, "1§ g ZA T &3 AFHES Az VAT i Aleld 5 vk 3, AR AES s
' FARAY 7NAFLE 75 £ (functional split)e] HA &2 7|A=S gud F b, =gk, 49 A
$4dS #YsE 7I1AFL CU(central unit) S+ BBU(baseband unit)S 2vw|sid, Zhzhe] HAHde

DU(distributed unit) ¥+ RRH(remote radio head)E 2ojn|& < dt}.

Ade n s FR/ES A%

= 65 PDCP PDU thet F8/E3 daE A3 = (pseudo code)E E AT 7 wo)t),

T 694 BAXE npe} o], 27) ool the AAEES AUt AlzwlolA shute] whde] A MdAE 27 o
el Z1A=r, AEH, EE RLC entity /Mol dl§skE Z(k)Z PDCP PDUS T&/E s dast 4 Qo).
3%l (segmented) PDCP PDUE-S MAC/PIYAIZOZ HEH L, MAC/PHY AlSolA FAFoz2 dAF=E = Qr).
MAC SDU/PDU S5 /8 AE% FARHA 384 i, S5/ MAC SDU/PDUL PHYAIS o2 AdH o 743
SR A%d A4

2 dge] A AAde] wel, AAS uHdt FE/AT A AdS 8 AFA A F(latency
function)7F geld + Art. é, A A gl 7)1 xste] A AAo] AQ8F = FEE PDCP PDUS A7)/t A7
2 4= glar, Eg" PDCP PDUZF Hed RLC entity(FE AE7)o) 4449 4 Adut. d#H, B thiato] H&=
PDCCP PDUS] #&2 A= RLC ent1ty( e A5 wet 33d o+ vk, &, AAdE g7 A3 3]

S84 1o] 4olg & v,

D, Ry
A7, = @ kA AFTE doly AVIE 9EEe, & ASH(EE RLC entity) noll 93X AU~
ATws= oy ko] gA 7153 dolE AE&(achievable data throughput)g owlditl. dolg HAEE&S
bps(bits per second)® X d= 4 Ut}
olglo| M=, Hloly TH/EE AHS 9%k Alxyle mdo] HojHr),
(MEYZ g (Network model) # o] AAjoEo] HBEE= A|xdo= N9 AFHET K o] &
Ak, e AEHE Holk Jhy Ty I oAt wiks Mujad 4 uta AR, ASEH($415)
et (user) (57215)2 okl =82 29} o] o4 4 Q.



[0084]

[0085]

[0087]

[0088]

[0090]

[0091]

[0093]

[0094]

[0096]

ZIHSd 10-2020-0057647

84 2

BS:N = {1,2,--- N}

User: K= {1,2,--,K}

of AEA nol AEHe] Y WwES YFL AvishA, obd) #84 30 HelW = Ak,

K = K,UK,UK;U - UK, - UK,

(A2 =AEY A F(User scheduling constraint)) A &S 9] AlZF tol] 2AFHE= AHEAES A
It]

A8k AbgA} AAEE A AR WE] (user scheduling indicator vector) = 37] 4284 49F Zo] AHdE 4

AT,

7814 4

I[t] = {I7[t]:k e K,n € N}

G
/1M, B W ot AEA nol s AR o] AnssHEtE AASE A4 G52 8] £84 59 2
o AejE 4 .

784 5

e = {1, if BS n schedules the associated user k,
o 0, otherwise.

dutoz, wek kol ARE ol shpe] AEHe ofsirt Au|ATE AlwE= Aol sy e 63 2
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[0097]

[0099]

[0100]

[0102]

[0103]

[0104]

[0106]

ZIHSd 10-2020-0057647

84 6

Z z Pl <1

nEN KEX,

(832 2A(Link model)) HEH n oA AF&A} kol A5 34 p, 22 dHolHE AFT A5, AR k7 @4

)

i (Pn)
7bs 3k dlol8 H<4E(achievable data rate for user k; )2 olg =8k 73 o] HojE 4 ).
+a4 7
n 1 n
7x (p,) = Blog, (1 t1r (Pn))
1
r

o714, B Al2=8l d9ZE(system bandwidth)& oJv|shH, = HAEHEI SINRY #HAE YER= 453 (SINR

Y (Pn)
gap to capacity)< 2|78}, = T A 9 p ot AEH 2T AREAR kol thgk Al
SINRE ™| gk},
7 (Pn)
g 2 AEH oA AH8A k2 FlolHE AFshe A9 dolE dFEolnm, dHolE Hdfo] ofF

i “ ‘—— ’
AX A k= Afoli= 00 Hok. WA, dolg HAEHEES AAEE AMEA 2AEH AAA 4 (user
scheduling indicator function)& #-83}e] thg-3 o] 4282 8o] Geoj& 4 i},

7844 8

7% (P, D[2] = I2[t] - v (R [2]

HES A Ao BE AEAE9] A AAdES A7 gk It &4 2 (general problem statement): Zt
Lk(')

ok dHolHe AdES #Fashr] flsid Al 4 (latency function, )2 ol&ste] tedt 72
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[0107]

[0109]

[0110]

[0112]

[0113]

[0114]

[0116]

S E3] 10-2020-0057647
84 9

(Long— term P): min Z z L, (Dy,R,)
neEN kEJ(‘n

e rcws

nEN kEX,
subjecttoR € R,

R = (R :k €X)
A71A D= AREA kol tigk A A dlolE &, 2 ¥ (long-term) 0.2 94 7hs HEE HH

RL

R, = 11_1;2 %Zi:t’ ric (I[]) L.()

( ), E AREAF kol tiE A ggrolt),
784 10
D,
D R,) =X
k( s k) Rk
R cRE
714, D FHoR 4y et AES AHE] AR AE5E 99 (throughput region)o® A3

g, AREA kel thE AAes 54 dlolEel hste] HolH AEE] whlHStER convex ol

= concavedts=o|t}. wEbA Stochastic Gradient 7]1WFS] 71WS &3t wf A7 &3 HE AAE9
e HAE ote B4 7Hse AEE WEHE Auste TAR o9t ol AFYE & Ak
#5411

n ,I

(P): maxh(p,I) = Z Z wk[t]M,

Py dy(t]

nEN KEXy
subject to Z F[t] £1L,VneEXN,
K€y

dp[t] =0
714, v AEA nol 9sA AH=E ATWEE AR kel oig A "L% dlole] Z7](bits)Z,
S ARE ol X Aulsshaa sk wlolH vl Azbukeh 87] ek 1200 osiA A 5 sl
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dip[0] = D,

5

=

=

H

e
=)

514 12
de[t+1] « dg[t] — ri (P, D[t] X £,

[0117]

shof

9l

715+5

N

Ims)o] T,

FoAZE Aol (e,
dU(R;)

ks
il

oh

[0119]

= 4o % qvh,

U(R,) = logR,

af

3]

= Aejgn,
291817 ¢

o

=

Ryx=Ril[t]

dRy

Wy [t]
(proportional fairness)

[}

]

& &

ar

ke,

0, otherwise.

A HA

L
o

1,if user k = argmaxw, [t]r} (p,) [t],

of, ALg4} 7+ Hlel

L=
=

w,[t] =0

=
=

84 13
wm={

o

[0120]
[0122]
[0123]
[0125]

4o

I

B

4o
x4
XA
4o

!

X

[0126]

| o] E]

yu

W E=eltt.

[0127]

I
=3
4o
X

&R
4o
!

)
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[0128]
[0129]
[0131]
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[0135]

[0137]

[0138]

[0139]

[0141]

[0142]

[0143]

[0145]

ZIHSd 10-2020-0057647

2894 1
D[t
n = argmin LY (D7 [t], R7*[t]) = argmin :1[ ]
meEN meEN Rk [t]
R [t] D [t]

AA, e AEH nERE ANAE ATRE S B ko] BF AFES s, = AgA

17]
o kel gk A doly S ojm i,

W

wpeba], 814 1ol )zstel, AZE ol 24 A nol AEl2sk e wEEel 1§ o 249 4 Ak

S,

GeoR, aF WA HF AR 9 AAR. o7)A, AEA nodl A AIZE tell AR|aEE A
82 & k= sb7] 8 150 oM A E .
84 15

k = argmaxw, [£]r} (p,)[{]
kES,

dU (Ry)
wiltl =
w,[t] =0 ¥ 'Ri=Rylt]
A7, = A FeA 2 gedr}, oE 5o, AR wwE 7o v
U(R,) = logR, i (@) [t] Pn
i $8e A9 93 2 A" & o). £ FoQ A% Ay o= A%H nol

oA Aul2E AFWE AR B kol 94 A A5 e oula,

1,ifk = argmaxw,[t]r7 (p,)[t].
¢m={ ke,

0, otherwise.

%R w7k AE2E AT s AgE B kel the AFdel ola AuzEE AL ss] 98, F A
T Rl <1
o 2R84 1DE BEA] A, 7] #4175 ol AgA AFAA AD

4
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=2 A7)

s

3L

A

10-2020-0057647

pi

TEe

ol

=

=

H

e
=)

-

i 2744

17V 7P & 1A=,

, 71t H4E (expected throughput)
O

FA “&)ell 9l

=2 a7

15
=

F\{k}

84 17
xn

[0146]
[0148]
[0149]
[0150]
[0152]

w
‘mo
ol
—
o

o}
=4

W2 AH 27 e d AR
oh. 2F SelA A5 noll o

g A5

A, ARE el isiA 9

[0153]

ok

2

&

=
=

o=

A AIZE toll A MBI AEE AL

3]

2 e},

7% (@) (2]

Ry =Rp[t]

dU (Ry)
dRy

W [t]

S

o]

P
-

=]

A AR

[<
VoA FaEA

L

18] 9]

]

A
ol

i3
S}

w,[t] =0

P
-

argmaxw, []r (p,) [¢]
KEGH

5}7]

[e)

84 18

k
17

[0154]
[0156]

o
e

<A

N
8

2 39¥ F Ak,

o

oy

HA Au=E Als

3]

197 Relg 4 e,

e

SFA
S}

1] e

°©

2l

|

at7] <l

[

ar

o

AlZE toll ARl =E Al
f,

k7] <]

123

93]

=

=

A

LN

=

KEGn
0, otherwise.
|4 5}

=

2

209]

1,ifk = argmaxw,[t]r7 (p,)[t].
-

kAl
Sl

1 %

L= {

[0157]
[0158]
[0160]

o]

¢
o

=
o

il
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[0161]

[0163]

[0164]

[0166]

[0167]

[0169]

[0170]

[0172]

ZIHSd 10-2020-0057647

T84 20
D[t
min(max :[]),VnGN
R(t]
st,  Dyft] = Z DRI,
neN"
z <1
KEXn
RZ[t]
o 7]A, = A nol g Mulavh AlgEE AREARE @ ko] Hd A$5S(average throughput,
D, [t]
bps)E < mlsH, = AREAR g kol Al AEE AA Yoy FHS gulety ol 82 213 o] AHoH
o},
T84 21

D [d= ) Drlarl,

neN

D, [t]
gk, AMEAF kE 9 dlolE HEHd £33 HolH =, 371 A 229 Zo], BE doly HAFH

A =g T tlold dAFEl 7|xste] Alite] Zhsdttt.

7014 22
R[] [t]
DIt] « =—=—~———D,[t]
* Znen RE[EIZ[E]F
714, Basle] AEAEel Aso] volg @3 Ndol Aene o] 494 230] WEHTH
=214 23
Z e = Z Z [, vk € X
neN nEN kEX,
B, e 450 H9e GUBERE wue 8% 92 Y AN Au W/ES SwEzy A58 A
2d Az 58 Eoz d3H % 92 A e Auol s FAE & ATk 5, BA Anw 7} A
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—_ a i o B dﬂcﬂao#a T E T E Y /1r
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= o ~ N ,IL]H — ol x4 o oF Ay - . - 1
— o R T A A A v T E T
i+ 2 SeEE b Fem pno I - O S ) R
W G B = W o oo, ,%%%ﬂv.? Aoy N W E o How s
up A =2 X = = ® S o - F co R m o= DR
o T g o = Vg iEm FTITEB _wL® T nEL T
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A Y ¥ ¥
PDCP PDCP PDCP PDCP
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| | | |
MAC MAC
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PHY PHY PHY
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(b) MAC (SDU)
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duplication/split
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EH6

Require: for LLC:
1: segment the PDCP PDU to generate k number (two or more) of RLC SDUs
2: submit segmented PDCP PDU to the corresponding RLC entity, e.g.,

3: 1st segmented PDCP PDU — 1st RLC entry,
4: 2nd segmented PDCP PDU — 2nd RLC entry,
5: g

6: kth segmented PDCP PDU — kth RLC entry

EH7

/@ time slot t X

mx@nﬂ

/@ time slot t,, X

i Q

702

.

j

w/ single transmission

(@ each time slot |
DQ}A
\

w/ multi-transmission
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