USOORE49442E

(19) United States

a2y Reissued Patent US RE49.442 E

(10) Patent Number:

Chun et al. 45) Date of Reissued Patent: *Feb. 28, 2023

(>4) METHOD OF AN UPLINK BAXGQ 52 gbs(:': . HO4L 1/1861 (2013.01); HO4L 1/1822
OPERATION AT AN EXPIRY OFTIME PG .. VL);

(2013.01); HO4L 1/1835 (2013.01);

ALIGNMENT TIMER
(Continued)

Field of Classification Search
CPC ... HO4L 1/1822; HO4L 1/1835; HO4L. 1/1874:
HO4L 1/1896; HO4L 1/1864:

(Continued)

(71) Applicant: LG Electronics Inc., Seoul (KR) (58)

(72) Inventors: Sung-Duck Chun, Anyang (KR);
Seung-June Yi, Anyang (KR);
Sung-Jun Park, Anyang (KR); (56)
Young-Dae Lee, Anyang (KR)

References Cited

U.S. PATENT DOCUMENTS

(73) Assignee: LG Electronics Inc., Seoul (KR) 52000 Scoft

1/2003 Chiu et al.
(Continued)

6,388,997 Bl

0,505,253 Bl

(*) Notice:  This patent 1s subject to a terminal dis-

claimer.
FOREIGN PATENT DOCUMENTS

(21) Appl. No.: 14/701,162

CN 1436012 A 8/2003
(22) Filed: Apr. 30, 2015 CN 1620768 A 5/2005
(Continued)

Related U.S. Patent Documents

Reissue of: OTHER PUBLICATIONS
(64) Patent No.: 8,812,925 ) o _ _ .
Tssued: Auo. 19. 2014 UL Synchronization Management and Maintenance in E-UTRA,
' B 77 3GPP TSG RAN WG1 #49, Kobe, Japan, May 7-11, 2007 .*
Appl. No.: 13/645,302 (Continued)
Filed: Oct. 4, 2012

U.S. Applications: Primary Examiner — Roland G Foster

(63) Continuation of application No. 12/363,263, filed on
Jan. 30, 2009, now Pat. No. 8,312,336.

(74) Attorney, Agent, or Firm — Fish & Richardson P.C.

. (37) ABSTRACT
(Continued)
Disclosed 1s the radio (wireless) communication system
(30) Foreign Application Priority Data providing a radio communication service and the terminal,
and more particularly, to a method of an uplink HARQ
Jan. 29, 2009 (KR) .oooveveeeeeen., 10-2009-0007145  (Hybrid Automatic Repeat reQuest) operation at an expiry ot
time alignment timer 1n an Evolved Universal Mobile Tele-
(51) Int. CL communications System (E-UMTS) evolved from the Uni-
04T, 1/18 (2006.01) versal Mobile Telecommunications System (UMTS) or a
041 5/00 (2006.01) Long Term Evolution (LTE) system.
(Continued) 18 Claims, 9 Drawing Sheets
alNB
%
< S
& o -9
“5:, Q‘“\‘J &
C, S &
s
%’@ & fbﬂb
A G
% V&

UE

Time

1 )
/

/
(—ﬂxtl HARG bhuffers are
flushed at the TAT axpiry

o
\\ Data
)

pon the reception
of the UL grant, data
1 Is generaied andc

then stored in the
HARLC huifer

- The HARQ buffer
corresponding to the
HARQ process X



US RE49,442 E

Page 2
Related U.S. Application Data 2004/0153852 Al 82004 Wu
- o 2004/0213199 Al  10/2004 Cheng
(60) Provisional application No. 61/025,311, filed on Feb. 2004/0223507 Al  11/2004 Kuchibhotla et al.
1, 2008, provisional application No. 61/087,153, filed 2005/0074024 Al 42005 Kim et al.
on Aue. 7. 2008 2005/0238051 Al  10/2005 Y1 et al.
& /s ' 2006/0056355 Al 3/2006 Love et al.
2006/0062223 Al 3/2006 Manuel et al.
(51) Int. CL 2006/0067238 Al 3/2006 Olsson et al.
HO4W 72/12 (2009.01) 2006/0156165 Al 7/2006 Kim
Ho4Ww 28/04 (2009.01) 20060251027 Al 112006 Chun ot al.
HO4W 72/04 (2009.01) 2006/0282739 Al 12/2006 Mel;fltlare‘t[atazﬂ*
HO4W 72/14 (2009.01) 2007/0064599 Al 3/2007 Jiang
HO4L 1/1829 (2023.01) 2007/0079207 Al 4/2007 Seidel et al.
HO4L 1/1822 (2023.01) 2007/0081513 Al 4/2007 Torsner
HO4L 171867 (2023'01) 2007/0097937 Al 5/2007 Kubota et al. ........ HO4L3;/OI/§:1;§
(52) US. ClL. 2007/0116024 Al 5/2007 Zhang et al.
CPC .......... HO4L 171864 (2013.01); HO4L 1/1874 2007/0133605 Al 6/2007 Herrmann
(2013.01); HO4L 1/1896 (2013.01); HO4L 2007/0168827 Al 7/2007 Lohr et al.
570053 (2013.01); HO4W 72/1294 (2013.01); 2007/0293157 Al 12/2007 Haartsen et al.
oA 2504 QOIS O1y o 704 RO AL 122007 Kmeal
(2013.01); HO4W 72/14 (2013.01) | 370/350
(58) Field of Classification Search 2008/0010578 Al 1/2008 Jiang
CPC .............. HO4L 1/1861; HO4L 5/0053; HO4W 2008/0080472 Al 4/2008 Bertrand et al.
72/1294: HO4AW 28/04: HO4AW 72/042: 2008/0117891 A__h 5/2008 Dan}nJaHOV1c et al.
HO4AW 72/14 2008/0186946 Al 8/2008 Marinier et al.
2008/0215948 Al 9/2008 Pinheiro et al.
S PO e, 714/748, 749 2008/0219291 Al 0/2008 Obuchi et al.
See application file for complete search history. 2008/0253375 Al 10/2008 Yi et al.
2008/0310396 A1  12/2008 Park et al.
(56) References Cited 2009/0034476 Al 2/2009 Wang et al
2009/0034478 Al 2/2009 Hobza
U S PATENT DOCUMENTS 2009/0086657 Al 4/2009 Alpert et al. ......... HO4L3;/01/§?(8)
7,151,944 B2 12/2006 Hashem et al. 20090104890 AL 472009 Wang et al.
7321,589 B2*  1/2008 LOAr vooovvvveren.. HO4B 7/2612 ggggg%?gg‘ ir %883 gagfors ¥ al. 1
370/778 1 omasundaram ¢t al.
7.403.541 B2 77008 Vi et al. 2009/0175206 AT 7/2009 Wang et al.
2009/0232107 Al 9/2009 Park et al.
7,631,239 B2  12/2009 Yeo et al. 5010/0157916 A 62010 Ki ol
7,657,815 B2* 2/2010 Seidel et al. .......... HO41. 1/1845 010/0177747 A1* 7010 Chun of ol 370/336
370/229 . 1 1 S
7,768,962 B2* 82010 Kubota ............ HO4L 1/1812 ggr“gfgggggg‘? it‘ }%8?8 Ejf;ft;‘;l
370/310 1 1 1 Y |
2010/0279695 Al 11/2010 Am t al.
7,804,850 B2~ 9/2010  Sebire et al. 20110158197 Al 62011 Reznik ot al.
7,921,348 B2* 4/2011 Seidel ................... HO4L 1/1845 2013/0242871 A1l 9/2013 Marinier et al.
370/331 2013/0279490 Al  10/2013 Pani et al.
7,940,770 B2~ 5/2011 Moon et al. 2015/0071065 Al 3/2015 Terry
8,208,416 B2* 6/2012 Suzuki et al. ................ 370/310
H
3,218,526 B2*  7/2012 Bertrand ......... SRR FOREIGN PATENT DOCUMENTS
5 .
8,233,435 B2 7/2012 Cordetro ............... HO4‘§;3/83/33 CN 1051043 A 4/9007
. EP 1353481 A2  10/2003
H
3,259,701 B2 9/2012 Futaki .............. HO4W 22/(3228 EP 1361706 A2 11/2003
.. EP 1788751 Al 5/2007
8,279,890 B2* 10/2012 Marmier ............... HO4L. 1/1835 EP 1871137 A2 12/2007
370/310 G 2429 605 A 2/2007
8,312,336 B2 11/2012 Chun et al. TP 2001-320417 A 11/2001
8,315,641 B2* 11/2012 Chun ............ HO4W 56/0005  Tp 5004274170 A 92004
| 370/310 JP 2006-203265 A 8/2006
8,441,970 Bl 5/2013 Suzuki et al. TP 2006-245887 A 9/2006
8,605,838 B2* 3/2014 Chunetal .................. 370/336 TP 2007-028653 Al /2007
8,812,925 B2 8/2014 Chun et al. TP 2007-208635 A /2007
9,049,018 B2 6/2015 Chun et al. TP 2007-288746 A 11/2007
2003/0100268 Al 5/2003 Moulsley et al. TP 2009-521891 A 6/20090
2003/0123485 Al 7/2003 Y1 et al. TP 2009-533942 A 9/2009
2003/0128705 Al 7/2003 Yietal ................ HO41. 1/1841 KR 2002-0060800 A 7/2002
370/394 KR 2003-00060026 A 7/2003
2003/0131124 Al 7/2003 Y1 et al. KR 10-2005-0023870 A 3/2005
2003/0147348 Al 8/2003 Jiang KR 10-2005-0096763 A 10/2005
2003/0152106 Al 8/2003 Burmeister et al. KR 10-2006-0055175 A 5/2006
2003/0210669 Al 11/2003 Vayanos et al. ...... HO41. 1/1845 KR 10-2006-0092950 A 8/2006
370/335 KR 10-2007-0095573 A 10/2007
2004/0008659 Al 1/2004 Kim KR 10-2007-0096392 A 10/2007
2004/0032851 Al 2/2004 Wu KR 10-2007-0108801 A 11/2007
2004/0037224 Al 2/2004 Choi et al. KR 10-2007-0109313 A 11/2007




US RE49,442 E
Page 3

(56) References Cited
FORFEIGN PATENT DOCUMENTS

KR 10-2007-0121585 A 12/2007
KR 10-2008-0018055 A 2/2008
WO WO 03/096600 A1  11/2003
WO WO 2005/034418 Al 4/2005
WO WO 2005/112327 A2 11/2005
WO WO 2007/052098 A2 5/2007
WO WO 2007/119994 A1  10/2007
WO WO 2008/123161 A1  10/2008
WO WO 2009/088903 A2 7/2009

OTHER PUBLICATIONS

NTT DOCOMO, et al., “Uplink Synchronization”, 3GPPTSG RAN
WG2 #57bis, R2-071300, Mar. 26-30, 2007, St. Julian’s, Malta, pp.
1-3.%

Texas Instruments, “UL Synchronization Management and Main-
tenance 1n E-ETRA”, 3GPP TSG RAN WGI1 #49, R1-072198,
Kobe, Japan, May 7-11, 2007, pp. 1-7.*

3GPP Draft; R2-080153 Mac Control Procedure TA Control R2,
3rd Generation Partnership Project (3GPP), Mobile Competence
Centre; France, vol. tsg ran\WG2_RIL2VTSGR2_60bis'Docs, Sevilla,
Spain; 20080114, Jan. 8, 2008, pp. 1-3.

3GPP TS 36.321, V8.0.0, Medium Access Control Protocol Speci-
fication Dec. 1, 2007, XP002521635, pp. 13-16.

ASUSTeK, “Correction to the operation of the timer Treset”, 3GPP
TSG-RAN WG2 Meeting #60bis, Sevilla, Spain, Jan. 14-18, 2008,
R2-08046, pp. 1-5.

Interdigital: “RLC Window Management and Receive Bufiler Over-
flow” 3GPP Draft; R2-080063, 3RD Generation Partnership Project
(3GPP), Mobile Competence Centre; 650, Route Des Lucioles;
F-06921 Sophia-Antipolis Cedex ; France, vol. RAN WG2, No.
Sevilla, Spain; 20080109, Jan. 9, 2008 (Jan. 9, 2008), XP050137961
[retrieved on Jan. 9, 2008] *p. 4, paragraph 2*.

LG Electronics Inc., “UE Specific Sync Timer singalling and
procedure”, 3GPP TSG-RAN WG2 #60bis, Sevilla, Spain, Jan.
14-18, 2008, R2-080153, pp. 1-3.

LG Electronics Inc: “RLC re-segmentation for improved L2 uplink™
3GPP Draft, R2-075099 RLC Resegmentation for Improved 1.2
Uplink, 3RD Generation Partnership Project (3GPP), Mobile Com-
petence Centre; 650, Route Des Lucioles; F-06921 Sophia-

Antipolis Cedex; France, vol. RAN WG2, no. Jeju; 20071112, Nov.
12, 2007.

NTT Domoco et al., “UL SRS resource release at TA Timer expiry”
3GPP Draft; R2-080454, 3rd Generation Partnership Project (3GPP),
Mobile Competence Centre, France, vol. tsg ran\WG2_RL2VISGR?2
60bis\Docs, Sevilla, Spain; 20080114, Jan. 8, 2008, p. 1.
Qualcomm: “RLC Prioritization Scheme” 3GPP Draft; R2-051967
RLC Prionitization Scheme, 3RD Generation Partnership Project
(3GPP), Mobile Competence Centre; 650, Route Des Lucioles;
F-06921 Sophia-Antipolis Cedex; France, vol. RAN WG2, no.
London, UK; 20050824, Aug. 24, 2005 (Aug. 24, 2005), XP050129109
[retrieved on Aug. 24, 2005].

L.G Electronics Inc., Discussion on Timing Advance Maintenance,
Discussion, Decision, 3GPP TSG-RAN WG2 #58bis, Jun. 25-29,

2007, Orlandon, USA, R2-072738, pp. 1-4.

Nokia, Nokia Siemens Networks, Proposed response to RAN2 LS
on signaling for DL data armval (R2-074575), Discussion and
decision, 3GPP TSG RAN WGI1 #51 Meeting, Jeju, Korea, Nov.
5-9, 2007, R1-074857, pp. 1-6.

“PDCP actions at RLLC re-establishment”, NTT DOCOMO, Inc.,
3GPP TSG RAN WG2 #63, Aug. 18, 2008, retrieved from the
Internet: http://www.3gpp.org/ftp/tsg ran/WG2_RL2/TSGR2_63/
Docs/, XP-002523462.

3GPP Draft; R2-080153 Mac Control Procedure TA_ Control R2,
3rd Generation Partnership Project (3GPP), Mobile Competence
Centre; France, vol. tsg ran\WG2_RIL2VTSGR2_60bis'Docs, Sevilla,
Spain; Jan. 14, 2008, Jan. 8, 2008, pp. 1-3.

3GPP TS 36.321, V8.0.0, Medium Access Control Portocol Speci-
fication Dec. 1, 2007, XP002521635, pp. 13-16.

Interdigital: “RLC Window Management and Recerve Bufler Over-
flow” 3GPP Draft; R2-080063, 3rd Generation Partnership Project
(3GPP), Mobile Competence Centre; 650, Route Des Lucloles;
F-06921 Sophia-Antipolis Cedex ; France, vol. RAN WG2, no.
Sevilla, Spain; Jan. 9, 2008, XP050137961 [retrieved on Jan. 9,
2008] p. 4, paragraph 2.

LG Electronics Inc: “RLC re-segmentation for improved L2 uplink™
3GPP Draft, R2-075099 RLC Resegmentation for Improved L2
Uplink, 3rd Generation Partnership Project (3GPP), Mobile Com-
petence Centre; 650, Route Des Lucioles; F-06921 Sophia-
Antipolis Cedex; France, vol. Ran WG2, no. Jeju; Nov. 12, 2007
sections 2.1 and 2.2A; p. 1.

LG Electronics: “Handling of Nacked Date in HARQ Builer When
UL State 1s OUt of Sync” 3GPP TSG-RAN WG2 #63, R2-084392,
[Online] Aug. 18-22, 2008, pp. 1-2, XP002523066; retrieved from
the Internet url:http://www.3gpp.org/fip/tsg_ran/'WG2_RIL2/TSGR2

63/Docs/> [retrieved on Apr. 8, 2009], 2 pgs.

NTT Domoco et al., “UL SRS resource release at TA Timer expiry”
3GPP Draft; R2-080454, 3rd Generation Partnership Project (3GPP),
Mobile Competence Centre; France, vol. tsg rann\WG2_RIL2VISGR?2
60bis\Docs, Sevilla, Spain; Jan. 14, 2008, Jan. 8, 2008, p. 1.
Qualcomm: “RLC Prioritization Scheme™” 3GPP Draft; R2-051967
RLC Prioritization Scheme, 3rd Generation Partnership Project
(3GPP), Mobile Competence Centre; 650, Route Des Lucioles;
F-06921 Sophia-Antipolis Cedex; France, vol. RAN WG2, no.
London, UK; Aug. 24, 2005, XP050129109 [retrieved on Aug. 24,
2003] p. 1, last paragraph.

Somasundaram et al., “RRC Procedures for RLC Reset,” U.S. Appl.
No. 61/019,049, ITC-2-1945.00.US, pp. 1-19.

Want et al., “Operation of Control Protocol Data Units in Packet
Data Convergence Protocol,” U.S. Appl. No. 60/976,139, ITC-2-
1845.US, pp. 1-12.

Nokia et al., “Proposed response to RAN2 LS on signaling for DL
data arrival (R2-074575),” 3GPP TSG RAN WGI1 #51 Meeting,
R1-074857, Jeju, Korea, Nov. 5-9, 2007, 2 pages.

LG Electronics Inc., “RLC re-segmentation for improved L2 uplink™,
Discussion, Decision, 3GPP TSG-RAN WQG2 #60, Nov. 5-9, 2007,
R2-075099, pp. 1-2.

3GPP TS 36.321 V8.0.0 (Dec. 2007), “3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA) Medium
Access Control (MAC) protocol specification (Release 8).,”
XP50377616.

3GPP TSG-RAN WG2 Meeting #60bis, “Resource handling during
persistent scheduling,” NEC, R2-080151, Seville, Spain, Jan. 14-18,
2008.

* cited by examiner



U.S. Patent

Feb. 28, 2023

E-UMTS

mFam Byl B o PR S LS T AL T S Rl SR AL
men nw snd mla®m s rin kBRI san-F R Ak AT a2
e ead rAram it b e A T LA e TR Sy hARAS T a AR
P R R T T S T T T A L R LTI T I ]
EPANF - T-g WA= a—F -

y g TRFIE - mE ey ¥
- T i ak vanr s L

r
AT Tl LT
- o iR Faga
A A LT

il ] FE LR
[ LS T
a iy Py
o d B JUR LA E R N4
R et d ot
BN A N m N gTE

FIT AN BT XTT)
rem mg wEn T Fam camrch am WU g Ao

- gy LT T I L R AT AT T l.i\.'.il'ulr'l-i-.;\-l LY
(N

=
o

ke
A ik
—-_— gk e

- By A

LR

s wlpgmfaglnn] "gd
A FT LW CLTLImFIESCEr
Pl T T

" mrraam 8w e

el At i

L T
LI -
b A N
.

QC

-
P Wpries -mwkankrd HO-'RIE

o bl L r
bk ol ol S B oty S

R B LT L

¥yl

et
PN L T F R LY Y
Hy B L B 1.0 o
b A P ¥

-
Ll
Ll
r .
+
-

=
marm ml aFmued 0w o2 . pude BA Ml O

...--ln.-.l.-:dll Anada b bl d B Bk W AT 4  FEEEF RRD PR DL S TSI N -SREEE

[ e Y e TN B N LT LR T T I L N L = mmEcEm

L T L g = rwr e e Bkl ke gy ke Bhd N RE R
Lawnd " @ dd fd .

Pl ko T e A LT TP

'

s N AL AN L RAA NI NNy R RN
NP EPTEE pEA yE gpw e
agprem g Lad T -

.
Fa e
IR T I LT R T |

'_.r'
o'
[ ]

Sheet 1 of 9

Core Network

R | LITFRL L LTy Rty

el P ar

e Mrm -

AR g N W e b Fo Rrap g

T
[ L TNy T
" =

- rrw

Fuligd o rd R
[

e Y

FEL AR FLiwm = maL s
AT NI Y N T LT

e, gy T e POl A bR AN AL afLT
F -r:u.-v-vlr
#a padut an g

th"s dEIWTN EIYE

o
e g iy
EEmiEn o Eme

PR RN B T
rawssme-m-reda—Tre- W -md ot
ik LRl
EEE NN A EEE S EEEE PR

FalabaFfFRrry "oy

U lew gl Gl
L e i i Pk

SN LR T o Rl L]
Fd A dy WA

BB NIMF pELTER

a.Fo .rrim¥anm

LER T L L LAl Pl o T

L3 TR LS L T
-

AL
LLTIE LW LY
[ r LY R YN LYY

bl e Y T ] b
AL LT LT T ]
Ry dnd B 1 -
ML Y
anpranshpm iR ey pam e e el
e T m ok REA LRy

LI N LA

rapsyafgaa e o Ay J Al dhm Py S gy S 1.'.#.-!!‘-\&'-!‘"_’1-‘-4’ L LI T L

LTI T A T ]

FPasw as=sbs oo s &,

T I
N I IR

-
My L LT
B s mamy gy e
[t v -ad r
Fraidud s aun

e nd (v ¥ pddh dr Sl b AL, P
arsdmbroadnmmdbmbb, i Db Db B F - PUATFR A IR H M T an EHFHTLE 19" snjjymppmyashe p sng ahpsmam
.‘_-.i...lllln.il.-'\i--.'\.ddi- 1

ravhrenrr Taw war

LI EET I PRIV E L L LEL LN L
Rd JLAE -

e hrsmmsmmann Emmen mrE A hra
LAY
MM LA RLE AL
[ ]
[l gl AT —" - P

m cagrr g--

(R LTR TR L Ty L ]

FrafdaranTral'y,
TT1A ST 7% 4 hdFd FEREIFL
L i R Ea ] - -
'|I'-lr.l-h"ll'|1llhl'l LN B TR ARy LR FR JTI R Rl LR
[ [N ok Sy - e
amm mELmmEn mam
o

T arwwr-=s =m hr
[

P AL T i o Wy, a

Iyl WP r ] Sl anmd+ Sl
BRI L T
Al Ll AL g PR A B LT Py

TrS RISt RIm

kP -nfata e gy
L LT, DR L T LN ol B Lok T
LR L L ]
-

-
r SR rrg i rwte
[ R amanb i aa R n L R T T P Y L YT

e Ly L T LT

Ja bk ANy FAA ENE am

[ ST O -
iRt TATTaAT

m e e ko
+

A P A AR

.
FEuny M gy ad Ak Sty e Ay S
rhef e ey mmn

A g i eyl ma gy

.-.';Ju A lﬁ-

.
Tk ko mwm wk

LA TER IR RCLY
et owmF RATR WA
(LA L LY L N L]

wndk Fika
£

[ L LERLE R LR N
[]

TTELET I

wi
-

US RE49,442 L

E-UTRAN



U.S. Patent Feb. 28, 2023 Sheet 2 of 9 US RE49,442 E

RLC I — | RLC

UE E-UTRAN

PHY




U.S. Patent Feb. 28, 2023 Sheet 3 of 9 US RE49.,442 E

UE E-UTRAN



US RE49,442 L

Sheet 4 of 9

Feb. 28, 2023

U.S. Patent

19

eNB

UE



U.S. Patent Feb. 28, 2023 Sheet 5 of 9 US RE49,442 E

Fig5

UE eNB

@ Random Access Preamble

Random Access Response

O

@ | Scheduled Transmissio

Contention Resolutio @



U.S. Patent Feb. 28, 2023 Sheet 6 of 9 US RE49.,442 E

Fig 6

UE eNDB

@ RA Preambleassignmen

Random Access Preamble—— @

@ | Random Access Response



U.S. Patent Feb. 28, 2023 Sheet 7 of 9 US RE49,442 E

Fig 7

eNB

Upon the reception
of the UL grant, data
118 generated and

then stored in the
HARQG buifer.

/
(—AH HARQ buffers are

fliushed at the TAT expiry

pN The HARQ buffer
corresponding to the
HARQ process X



U.S. Patent Feb. 28, 2023 Sheet 8 of 9 US RE49.,442 E

Fig 8

eNB
e
%,
C
‘5
2.
Cé,
O,
K
TAT has not being running 1 Time
The Data 2 is
generated upon a
reception of the
uplink grant and then
( stored in the HARQ
buffer.
—HARQ buffer |
— All HARQ buffers are
gg;:s,;igd?;f ?Or the flushed if the TAT is not
HARQ process X running and data is stored

in the HARQ buffer.



U.S. Patent Feb. 28, 2023 Sheet 9 of 9 US RE49.,442 E

Fig 9
eNB
O \
& g7
%r \
UE ¢ TAT has not being running — 4 Time

The Data 3 is
generated upona
reception of the N
uplink grant and then
stored in the HARQ
buffer.

/
(\.._

Upon a reception of the
new TAC all HARQ buffer
is flushed and the TAT Is
started

HARQ buffer



US RE49,442 E

1

METHOD OF AN UPLINK HARQ
OPERATION AT AN EXPIRY OF TIME
ALIGNMENT TIMER

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a Reissue application of U.S. Pat. No.
8,812,925 issued on Aug. 19, 2014, which 1s a Continuation

of U.S. application Ser. No. 12/363,263 filed on Jan. 30,
2009, (now U.S. Pat. No. 8,312,336 issued on Nov. 13,
2012), which claims priority to Application No. 10-2009-
0007145 filed i the Republic of Korea, on Jan. 29, 2009,
and which also claims priority to Provisional Application
No. 61/025,311 filed on Feb. 1, 2008 and Provisional
Application No. [61/025,311] 61/087,153 filed on Aug. 7,
2008. The entire contents of all of the above applications are
hereby incorporated by reference.

TECHNICAL FIELD

The present mvention relates to a radio (wireless) com-
munication system providing a radio communication service
and a mobile terminal, and more particularly, to a method of
an uplink HARQ operation of the mobile terminal 1n an
Evolved Universal Mobile Telecommunications System

(E-UMTS) or a Long Term Evolution (LTE) system.

BACKGROUND ART

FIG. 1 shows an exemplary network structure of an
Evolved Universal Mobile Telecommunications System
(E-UMTS) as a mobile communication system to which a
related art and the present invention are applied. The
E-UMTS system 1s a system that has evolved from the
existing UMTS system, and its standardization work 1is
currently being performed by the 3GPP standards organiza-
tion. The E-UMTS system can also be referred to as a LTE
(Long-Term Evolution) system.

The E-UMTS network can roughly be divided into an
E-UTRAN and a Core Network (CN). The E-UTRAN
generally comprises a terminal (1.e., User Equipment (UE)),
a base station (1.e., eNode B), an Access Gateway (AG) that
1s located at an end of the E-UMTS network and connects
with one or more external networks. The AG may be divided
into a part for processing user tratlic and a part for handling
control traflic. Here, an AG for processing new user traflic
and an AG for processing control tratlic can be communi-
cated with each other by using a new interface. One eNode
B may have one or more cells. An interface for transmitting
the user tratlic or the control tratlic may be used among the
¢Node Bs. The CN may comprise an AG, nodes for user
registration of other UEs, and the like. An interface may be
used to distinguish the E-UTRAN and the CN from each
other.

The various layers of the radio interface protocol between
the mobile terminal and the network may be divided into a
layer 1 (IL1), a layer 2 (L.2) and a layer 3 (LL3), based upon
the lower three layers of the Open System Interconnection
(OSI) standard model that 1s well-known 1n the field of
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namely, the physical layer, provides an information transier
service to an upper layer by using a physical channel, while
a Radio Resource Control (RRC) layer located 1n the low-
ermost portion of the Layer 3 (L3) performs the function of
controlling radio resources between the terminal and the
network. To do so, the RRC layer exchanges RRC messages
between the terminal and the network. The RRC layer may
be located by being distributed 1n network nodes such as the
cNode B, the AG, and the like, or may be located only 1n the
eNode B or the AG.

FIG. 2 shows exemplary control plane architecture of a
radio interface protocol between a terminal and a UTRAN
(UMTS Terrestrial Radio Access Network) according to the
3GPP radio access network standard. The radio interface
protocol as shown 1n FIG. 2 1s horizontally comprised of a
physical layer, a data link layer, and a network layer, and
vertically comprised of a user plane for transmitting user
data and a control plane for transferring control signaling
The protocol layer in FIG. 2 may be divided into L1 (Layer
1), L2 (Layer 2), and L3 (Layer 3) based upon the lower
three layers of the Open System Interconnection (OSI)
standards model that 1s widely known 1n the field of com-
munication systems.

Hereinaftter, particular layers of the radio protocol control
plane of FIG. 2 and of the radio protocol user plane of FIG.
3 will be described below.

The physical layer (Layer 1) uses a physical channel to
provide an information transier service to a higher layer. The
physical layer 1s connected with a medium access control
(MAC) layer located thereabove via a transport channel, and
data 1s transferred between the physical layer and the MAC
layer via the transport channel. Also, between respectively
different physical layers, namely, between the respective
physical layers of the transmitting side (transmuitter) and the
receiving side (receiver), data 1s transferred via a physical
channel.

The Medium Access Control (MAC) layer of Layer 2
provides services to a radio link control (RLC) layer (which
1s a higher layer) via a logical channel. The RLC layer of
Layer 2 supports the transmission of data with reliability. It
should be noted that if the RLC functions are implemented
in and performed by the MAC layer, the RLC layer itself
may not need to exist. The PDCP layer of Layer 2 performs
a header compression function that reduces unnecessary
control information such that data being transmitted by
employing Internet Protocol (IP) packets, such as IPv4 or
IPv6, can be efliciently sent over a radio interface that has a
relatlvely small bandwidth.

The Radio Resource Control (RRC) layer located at the
lowermost portion of Layer 3 1s only defined 1n the control
plane, and handles the control of logical channels, transport
channels, and physical channels with respect to the configu-
ration, re-configuration and release of radio bearers (RB).
Here, the RB refers to a service that 1s provided by Layer 2
for data transfer between the mobile terminal and the
UTRAN.

As for channels used in downlink transmission for trans-
mitting data from the network to the mobile terminal, there
1s a Broadcast Channel (BCH) used for transmitting system
information, and a downlink Shared Channel (SCH) used for
transmitting user trailic or control messages. A downlink
multicast, traflic of broadcast service or control messages
may be transmitted via the downlink SCH or via a separate
downlink Multicast Channel (MCH). As for channels used
in uplink transmission for transmitting data from the mobile
terminal to the network, there 1s a Random Access Channel
(RACH) used for transmitting an initial control message,
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and an uplink Shared Channel (SCH) used for transmitting
user traflic or control messages.

As for downlink physical channels for transmitting infor-
mation transierred via the channels used 1n downlink trans-
mission over a radio interface between the network and the
terminal, there 1s a Physical Broadcast Channel (PBCH) for
transmitting BCH information, a Physical Multicast Channel
(PMCH) for transmitting MCH information, a Physical
Downlink Shared Channel (PDSCH) for transmitting PCH
and a downlink SCH information, and a Physical Downlink
Control Channel (PDCCH) (also, referred to as ‘DL L1/L.2
control channel’) for transmitting control information pro-
vided by the first and second layers such as a DL/UL
Scheduling Grant, and the like. As for uplink physwal
channels for transmitting information transferred via the
channels used 1n uplink transmission over a radio interface
between the network and the terminal, there 1s a Physical
Uplink Shared Channel (PUSCH) for transmitting uplink
SCH information, a Physical Random Access Channel
(PRACH) for transmitting RACH information, and a Physi-
cal Uplink Control Channel (PUCCH) for transmitting con-
trol information provided by the first and second layers, such
as a HARQ ACK or NACK, a Scheduling Request (SR), a
Channel Quality Indicator (CQI) report, and the like.

In LTE system, a HARQ operation 1s performed in a MAC
(Medium Access Control) layer for an effective data trans-
mission. The following 1s a detailed description of the
HARQ operation.

FIG. 4 1s an exemplary view showing a HARQ operation
method for an effective data transmission. As illustrated in
FIG. 4, a base station (or eNB) may transmit downlink
scheduling information (referred as ‘DL scheduling infor-
mation’ hereafter) through a PDCCH (Physical Downlink
Control Channel) 1n order to provide data to a terminal (UE)
during a HARQ operation. The DL scheduling information
may include a UE identifier (UEID), a UE group 1dentifier
(Group ID), an allocated radio resource assignment, a dura-
tion of the allocated radio resource assignment, a transmis-
sion parameter (e.g., Modulation method, payload size,
MIMO related information, etc), HARQ process informa-
tion, a redundancy version, or a new data indicator (NID),
ctc. Usually, the terminal (UE) performs multiple HARQ
processes, the multiple HARQ processes are operated syn-
chronously. Namely, cach HARQ) process 1s allocated syn-
chronously 1n every transmission time interval (1TI). For
example, a HARQ process 1 may perform in a {irst trans-
mission time interval (T'T1 1), a HARQ process 2 may
perform m TTI 2, . . ., a HARQ process 8 may perform in
TTI 8, the HARQ process 1 may again perform in TTI19, and
the HARQ process 2 may again perform i TTI 10, etc.
Since the HARQ processes are allocated in synchronous
manner, a certain HARQ process associated with a TTI
which receives a PDCCH {for immitial transmission of a
particular data may be used for such data transmission. For
example, 1f the terminal receives a PDCCH including an
uplink scheduling mnformation 1n Nth T'T1, the terminal may
actually transmit a data in N+4 TTI.

The HARQ) retransmission of the terminal 1s operated in
a non-adaptive manner. That 1s, an 1nitial transmission of a
particular data 1s possible only when the terminal receives a
PDCCH including an uplink scheduling information. How-
ever, the HARQ retransmission of the data can be possibly
operated without receiving the PDCCH, as next TTI allo-
cated to a corresponding HARQ process can be used with
same uplink scheduling information. Here, transmission
parameters may be transmitted through a control channel
such as a PDCCH, and these parameters may be varied with
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a channel conditions or circumstances. For example, if a
current channel condition 1s better than a channel condition
of an 1mtial transmission, higher bit rate may be used by
mampulating a modulation scheme or a payload size. In
contrast, if a current channel condition 1s worst than a
channel condition of an initial transmission, lower bit rate
may be used.

The terminal checks an uplink scheduling information by
monitoring a PDCCH 1 every TTI. Then, the terminal
transmits data through a PUSCH based on the uplink sched-
uling information. The terminal firstly generates the data in
a MAC PDU format, and then stores it in a HARQ bufler.
After that, the terminal transmits the data based on the
uplink scheduling information. Later, the terminal waits to
receive a HARQ feedback from a base station (eNB). It the
terminal receives a HARQ NACK from the base station in
response to the transmitted data, the terminal retransmits the
data 1n a retransmission TTI of a corresponding HARQ
process. If the terminal receives a HARQ ACK from the
base station in response to the transmitted data, the terminal
terminates to operate the retransmission of the HARQ. The
terminal counts a number of transmissions (i.e. CUR-
RENT_TX_NB) whenever the data 1s transmitted mn a
B ARQ process. If the number of transmissions 1s reached to
a maximum number of transmissions, which set by an upper
layer, data in the HARQ bufler 1s flushed.

The HARQ retransmission 1s performed according to a
HARQ feedback from a base station, a data existence in the
HARQ bufler, or a transmission time of a corresponding
HARQ process. Here, each of HARQ process may have a
HARQ bufler respectively. The value in the NDI (New Data
Indicator) field contained in the PDCCH may be used for the
UE to determine whether the received data 1s an initial
transmission data or a retransmitted data. More specifically,
the NDI field 1s 1 bat field that toggles every time a new data
1s transmitted or received. (0—1—=0—=1—. .. ) As such, the
value 1n the NDI for the retransmitted data always has a
same value used 1n an 1nitial transmission. From this, the UE
may know an existence of retransmitted data by comparing
these values.

Description of an uplink timing alignment maintenance in
a LTE system will be given. In the LTE system that based on
an Orthogonal Frequency Division Multiplex (OFDM) tech-
nology, there 1s possibility of interferences between termi-
nals (UEs) during a communication between UE and base
station (eNB). In order to minimize interferences between
terminals, 1t 15 important that the base station must manage
or handle a transmission timing of the UE. More particularly,
the terminal may exist in random area within a cell, and this
implies that a data transmission time (i.e., traveling time of
data from UE to base station) can be varied based on a
location of the terminal. Namely, i1 the terminal 1s camped
on edge of the cell, data transmission time of this specific
terminal will be much longer than data transmission time of
those terminals who camped on a center of the cell. In
contrast, 1f the terminal 1s camped on the center of the cell,
data transmission time of this specific terminal will be much
shorter than data transmission time of those terminals who
camped on the edge of the cell. The base station (eNB) must
manage or handle all data or signals, which are transmitted
by the terminals within the cell, in order to prevent the
interferences between the terminals. Namely, the base sta-
tion must adjust or manage a transmission timing of the
terminals upon each terminal’s condition, and such adjust-
ment can be called as the timing alignment maintenance.
One of the methods for maintaining the timing alignment 1s
a random access procedure. Namely, during the random
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access procedure, the base station receives a random access
preamble transmitted from the terminal, and the base station
can calculate a time alignment (Sync) value using the
received random access preamble, where the time alignment
value 1s to adjust (1.e., faster or slower) a data transmission
timing of the terminal. The calculated time alignment value
can be notified to the terminal by a random access response,
and the terminal can update the data transmission timing
based on the calculated time alignment value. In other
method, the base station may receive a sounding reference
symbol (SRS) transmitted from the terminal periodically or
randomly, the base station may calculate the time alignment
(Sync) value based on the SRS, and the terminal may update
the data transmission timing according to the calculated time
alignment value.

As explained above, the base station (eNB) may measure
a transmission timing of the terminal through a random
access preamble or SRS, and may notify an adjustable
timing value to the terminal. Here, the time alignment
(Sync) value (1.e., the adjustable timing value) can be called
as a time advance command (referred as “TAC’ hereaftter).
The TAC may be process m a MAC (Medium Access
control) layer. Since the terminal does not camps on a fixed
location, the transmission timing 1s frequently changed
based on a terminal’s moving location and/or a terminal’s
moving velocity. Concerning with this, if the terminal
receives the time advance command (TAC) from the base
station, the terminal expect that the time advance command
1s only valid for certain time duration. A time alignment
timer (TAT) 1s used for indicating or representing the certain
time duration. As such, the time alignment timer (TAT) 1s
started when the terminal recerves the TAC (time advance
command) from the base station. The TAT value is trans-
mitted to the terminal (UE) through a RRC (Radio Resource
Control) signal such as system information (SI) or a radio
bearer reconfiguration. Also, 1f the terminal receives a new
TAC from the base station during an operation of the TAT,
the TAT 1s restarted. Further, the terminal does not transmait
any other uplink data or control signal (e.g., data on physical
uplink shared channel (PUSCH), control signal on Physical
uplink control channel (PUCCH)) except for the random
access preamble when the TAT 1s expired or not running.

In general, a MAC layer of the terminal and base station
handles a time alignment (synchronize) management.
Namely, The TAC 1s generated 1n the MAC layer of the base
station, and the MAC layer of the terminal receives the TAC
through a MAC message from the base station. However,
because the TAC 1s received by the MAC message, a
transmission of the TAC 1s not fully guaranteed. For
example, the base station transmits the MAC message
including the TAC i a HARQ process, and the terminal
attempts to recerve the data. The terminal transmits a NACK
signal to the base station 1f the terminal fails to decode the
data. However, if such NACK signal 1s mistakenly treated as
an ACK signal by the base station, a TAT of the base station
1s restarted whereas a TAT of the terminal 1s not restarted.
Thusly, a failed synchronization can be happened between
the terminal and base station.

Another example of drawback 1n a related art can be given
as following. Firstly, the terminal receives an uplink sched-
uling information through a PDCCH {for a transmission of
data 1. Then, the terminal transmits the data 1 to the base
station using the HARQ process. In response to the trans-
mitted data 1, the terminal receives a NACK from the base
station. Therefore the terminal has to retransmit the data 1,
however, the TAT of the terminal can be expired before a
retransmission of the data 1. In this situation, the terminal
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can not possibly retransmit the data 1 due to expiry of the
TAT. Therefore, the terminal restarts the TAT aifter receiving
a TAC from the base station though a random access channel
(RACH) procedure. However, the terminal still transmits
data 1 at a transmission timing of the HAR(Q process
because the data 1 1s still stored 1n a HARQ bufler of the
terminal. In this case, the transmission of the data 1 1s not
expected by the base station, this data transmission can be
collided with other data transmission by other terminals.

DISCLOSURE OF THE INVENTION

Therelfore, an object of the present invention 1s to provide
a method of processing data for a HARQ (Hybrid Automatic
Repeat reQuest) 1 a wireless communication system, and
more particularly, for an optimized uplink HARQ operation
when time alignment timer 1s not running or at an expiry of
time alignment timer.

To achieve this and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there 1s provided a method of
processing data fora HARQ (Hybrnid Automatic Repeat
Request) operation 1n a wireless communication system, the
method comprising: recerving an uplink Grant from a net-
work; generating a data unit based on the received uplink
grant; storing the generated data umt into a plurality of
buflers; and flushing the stored data unit 1n the plurality of
buflers when a timer expires.

Also, To achieve this and other advantages and in accor-
dance with the purpose of the present invention, as embod-
ied and broadly described herein, there i1s also provided a
method of processing data for a HARQ (Hybrid Automatic
Repeat Request) operation in a wireless communication
system, the method comprising: receiving an uplink Grant
from a network; generating a data unit based on the received
uplink grant; storing the generated data unit into a plurality
of buflers; and flushing the stored data in the plurality of
buflers when the timer 1s not running.

Also, To achieve this and other advantages and in accor-
dance with the purpose of the present invention, as embod-
ied and broadly described herein, there i1s also provided a
method of processing data for a HARQ (Hybrid Automatic
Repeat Request) operation in a wireless communication
system, the method comprising: receiving an uplink Grant
from a network; generating a data unit based on the received
uplink grant; storing the generated data unit into a plurality
of buflers; determining whether or not a timer 1s minting;
determining whether a command for starting the timer 1s
received; and flushing the stored data in the plurality of
buflers when 1t 1s determined that the timer 1s not running
and the command 1s received.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary network structure of an
Evolved Universal Mobile Telecommunications System
(E-UMTS) as a mobile communication system to which a
related art and the present invention are applied;

FIG. 2 shows an exemplary view of related art control
plane architecture of a radio interface protocol between a
terminal and an E-UTRAN;

FIG. 3 shows an exemplary view of related art user plane
architecture of a radio interface protocol between a terminal
and an E-UTRAN:

FIG. 4 1s an exemplary view showing a HARQ operation
method for an effective data transmission;
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FIG. 5 shows an exemplary view of a contention based
random access procedure;

FIG. 6 shows an exemplary view of a non-contention
based random access procedure;

FIG. 7 shows an exemplary view of flushing data in
HARQ bufler at an expiry of time alignment timer (TAT)
according to the present invention;

FIG. 8 shows an exemplary view of flushing data in
HARQ bufller when a time alignment timer (TAT) 1s not
running according to the present invention; and

FIG. 9 shows an exemplary view of flushing data in
HARQ butler by recerving a new timing advance command
(TAC) when a time alignment timer (TAT) 1s not running
according to the present ivention.

MODES FOR CARRYING OUT TH.
PREFERRED EMBODIMENTS

L1

One aspect of this disclosure relates to the recognition by
the present inventors about the problems of the related art as
described above, and further explained hereafter. Based
upon this recognition, the features of this disclosure have
been developed.

Although this disclosure 1s shown to be implemented 1n a
mobile communication system, such as a UMTS developed
under 3GPP specifications, this disclosure may also be
applied to other communication systems operating 1n con-
formity with different standards and specifications.

Hereinatter, description of structures and operations of the
preferred embodiments according to the present invention
will be given with reference to the accompanying drawings.

In general, a terminal (or UE) may perform a random
access procedure 1n the following cases: 1) when the termi-
nal performs an initial access because there 1s no RRC
Connection with a base station (or eNB), 2) when the
terminal 1nitially accesses to a target cell in a handover
procedure, 3) when it 1s requested by a command of a base
station, 4) when there 1s uplink data transmission in a
situation where uplink time synchronization is not aligned or
where a specific radio resource used for requesting radio
resources 1s not allocated, and 5) when a recovery procedure
1s performed in case of a radio link failure or a handover
failure.

In the LTE system, the base station allocates a dedicated
random access preamble to a specific terminal, and the
terminal performs a non-contention random access proce-
dure which performs a random access procedure with the
random access preamble. In other words, there are two
procedures 1n selecting the random access preamble: one 1s
a contention based random access procedure 1 which the
terminal randomly selects one within a specific group for
use, another 1s a non-contention based random access pro-
cedure 1n which the terminal uses a random access preamble
allocated only to a specific terminal by the base station. The
difference between the two random access procedures 1s that
whether or not a collision problem due to contention occurs,
as described later. And, the non-contention based random
access procedure may be used, as described above, only 1n
the handover procedure or when 1t i1s requested by the
command of the base station.

Based on the above description, FIG. 5 shows an opera-
tion procedure between a terminal and a base station 1n a
contention based random access procedure.

First, a terminal 1n the contention based random access
randomly may select a random access preamble within a
group of random access preambles indicated through system
information or a handover command, may select PRACH
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resources capable of transmitting the random access pre-
amble, and then may transmit the selected random access
preamble to a base station (Step 1).

After transmitting the random access preamble, the ter-
minal may attempt to receive a response with respect to its
random access preamble within a random access response
reception window indicated through the system information
or the handover command (Step 2). More specifically, the
random access response mnformation 1s transmitted 1n a form

of MAC PDU, and the MAC PDU may be transierred on the
Physical Downlink Shared Channel (PDSCH). In addition,
the Physical Downlink Control Channel (PDCCH) 1s also
transferred such that the terminal appropriately receives
information transferred on the PDSCH. That 1s, the PDCCH
may 1include information about a terminal that should
receive the PDSCH, frequency and time information of
radio resources of the PDSCH, a transfer format of the
PDSCH, and the like. Here, 1f the PDCCH has been suc-
cessiully received, the terminal may appropriately receive
the random access response transmitted on the PDSCH
according to information of the PDCCH. The random access
response may include a random access preamble 1dentifier
(ID), an UL Grant, a temporary C-RNTI, a Time Alignment
Command, and the like. Here, the random access preamble
identifier 1s included 1n the random access response 1n order
to notily terminals to which information such as the UL
Grant, the temporary C-RNTI, and the Time Alignment
Command would be valid (available, eflective) because one
random access response may 1nclude random access
response information for one or more terminals. Here, the
random access preamble 1dentifier may be 1dentical to the
random access preamble selected by the terminal 1n Step 1.

If the terminal has received the random access response
valid to the terminal 1tself, the terminal may process each of
the information included i1n the random access response.
That 1s, the terminal applies the Time Alignment Command,
and stores the temporary C-RNTI. In addition, the terminal
uses the UL Grant so as to transmit data stored 1n a butler of
the terminal or newly generated data to the base station (Step
3). Here, a terminal 1dentifier should be essentially included
in the data which 1s 1included 1n the UL Grant (message 3).
This 1s because, in the contention based random access
procedure, the base station may not determine which termi-
nals are performing the random access procedure, but later
the terminals should be 1dentified for contention resolution.
Here, two diflerent schemes may be provided to include the
terminal identifier. A first scheme 1s to transmit the termi-
nal’s cell identifier through the UL Grant if the terminal has
already received a valid cell identifier allocated 1n a corre-
sponding cell prior to the random access procedure. Con-
versely, the second scheme 1s to transmit the terminal’s
unique 1dentifier (e.g., S-TMSI or random ID) if the terminal
has not received a valid cell identifier prior to the random
access procedure. In general, the unique identifier 1s longer
than the cell identifier. In Step 3, 1f the terminal has
transmitted data through the UL Grant, the terminal starts the
contention resolution timer.

After transmitting the data with 1its identifier through the
UL Grant included in the random access response, the
terminal waits for an indication (instruction) of the base
station for the contention resolution. That 1s, the terminal
attempts to receive the PDCCH so as to receive a speciiic
message (Step 4). Here, there are two schemes to receive the
PDCCH. As described above, it the terminal identifier
transmitted via the UL Grant 1s the cell identifier, the
terminal attempts to receive the PDCCH by using its own
cell identifier. If the terminal 1dentifier transmitted via the
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UL Grant 1s 1ts unique identifier, the terminal attempts to
receive the PDCCH by using the temporary C-RNTI
included 1n the random access response. Thereafter, for the
tormer, 11 the PDCCH (message 4) 1s received through 1ts
cell identifier before the contention resolution timer 1is
expired, the terminal determines that the random access
procedure has been successtully (normally) performed, thus
to complete the random access procedure. For the latter, 1f
the PDCCH 1s received through the temporary cell identifier
betfore the contention resolution timer 1s expired, the termi-
nal checks data (message 4) transterred by the PDSCH that
the PDCCH indicates. If the unique identifier of the terminal
1s included in the data, the terminal determines that the
random access procedure has been successtully (normally)
performed, thus to complete the random access procedure.

FIG. 6 shows an operation procedure between a terminal
and a base station 1n a non-contention based random access
procedure. As compared with the contention based random
access procedure, the random access procedure 1s deter-
mined to be successiully performed by receiving the random
access response information in the non-contention based
random access procedure, thus to complete the random
access process.

In general, the non-contention based random access pro-
cedure may be performed 1n the following two cases: one 1s
the handover procedure, and the other 1s a request by the
command of the base station. To be certain, the contention
based random access procedure may also be performed in
those two cases. First, for the non-contention based random
access procedure, 1t 15 1mportant to receive, from the base
station, a dedicated random access preamble without having
any possibility of contention. Here, a handover command
and a PDCCH command may be used to assign the random
access preamble. Then, after the random access preamble
dedicated to only the terminal 1tself has been assigned from
the base station, the terminal transmaits the preamble to the
base station. Therealter, the method for receiving the ran-
dom access response mmformation 1s the same as that 1n the
above-described contention based random access procedure.

As aforementioned 1n this disclosure, the present imnven-
tion proposes a method of flushing data 1n all HARQ bufler
of the terminal when a time alignment timer (TAT) 1s not
running or 1s expired.

FIG. 7 shows an exemplary view of flushing data in
HARQ bufler at an expiry of time alignment timer (TAT)
according to the present invention. As illustrated 1in FIG. 7,
the present invention proposes to flush all HARQ buflers at
the TAT expiry. More detailed description of FIG. 7 will be
given as following. First, the terminal may receive a
PDCCH (Physical Downlink Control Channel) including an
uplink scheduling information (1.e. UL grant) for a data
transmission of an uplink. Here, the PDCCH may include a
C-RNTI (Cell-Radio Network Temporary Identifier) or
Semi-Persistent Scheduling C-RNTI (SPS C-RNTTI). There-
after, the terminal may generate a MAC PDU (referred as
MAC PDU-1 hereafter) according to the recerved uplink
scheduling information, and may store the generated MAC
PDU-1 1n a corresponding HARQ bufler. Further, the ter-
minal may transmit the stored MAC PDU-1 to the base
station at a transmission timing of a corresponding HARQ
process. After the MAC PDU-1 1s transmitted, the terminal
may wait to receive a HARQ feedback from the base station.
At this moment, the time alignment timer (TAT) of the
terminal may expire. According to the present invention, the
terminal may flush data in all HARQ buflers including a
EARQ bufler having the MAC PDU-1 at the time of TAT

exXpiry.
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FIG. 8 shows an exemplary view of flushing data in
HARQ bufler when a time alignment timer (TAT) 1s not
running according to the present invention. As 1llustrated in
FIG. 8, the present invention proposes to flush all HARQ
buflers when the TAT 1s not running. More detailed descrip-
tion of FIG. 8 will be given as following. After the TAT 1s
expired, the terminal may flush data 1n all HARQ buiflers.
Here, a current TAT of the terminal 1s not running and there
1s no data 1n all HARQ) buflers. In this case, the terminal may
turther receive a PDCCH 1ncluding an uplink scheduling
information for an uplink data transmission. Here, the
PDCCH may include a C-RNTI (Cell-Radio Network Tem-
porary Identifier) or Semi-Persistent Scheduling C-RNTI
(SPS C-RNTI). Thereafter, the terminal may generate a
MAC PDU (reterred as MAC PDU-2 hereafter) according to
the received uplink scheduling information, and may store
the generated MAC PDU-2 1 a corresponding HARQ
bufler. However, according to the present invention, the
terminal may flush data in all HARQ because the TAT of the
terminal 1s not running.

FIG. 9 shows an exemplary view of flushing data in
HARQ butler by recerving a new timing advance command
(TAC) when a time alignment timer (TAT) 1s not running
according to the present invention. As illustrated in FIG. 9,
the present invention proposes to flush all HARQ buflers
when the terminal receives a new TAC while a TAT of the
terminal 1s not running after i1ts expiration. More detailed
description of FIG. 9 will be given as following. After the
TAT 1s expired, the terminal may flush data in all HARQ
buflers. While the TAT 1s not running, the terminal may
further receive a PDCCH 1ncluding an uplink scheduling
information for an uplink data transmission. Here, the
PDCCH may include a C-RNTI (Cell-Radio Network Tem-
porary Idenftifier) or Semi-Persistent Scheduling C-RNTI
(SPS C-RNTI). Thereafter, the terminal may generate a
MAC PDU (referred as MAC PDU-3 herealter) according to
the received uplink scheduling information, and may store
the generated MAC PDU-3 1 a corresponding HARQ
bufler. The terminal may attempt to transmit the MAC
PDU-3 to the base station. However, since the TAT i1s not
running, the terminal may not transmit the MACE PDU-3.
Here, the MAC PDU-3 1s kept 1in the corresponding HAR(Q)
builer. At this moment, the terminal may receive a new TAC.
For example, the terminal may receive the new TAC by a
random access response during the random access channel
(RACH) procedure. Once the new TAC 1s received by the
terminal, the terminal may flush data in all HARQ bufler and
may restart the TAT.

According to the present invention, when the time align-
ment timer expires, all HARQ buflers (1.e., all uplink HARQ
buflers) are flushed and the next transmission for each
process 1s considered as the very first transmission. Namely,
the terminal may notify RRC of PUCCH/SRS release and
may clear any configured downlink assignment and uplink
grants.

The present disclosure may provide a method of process-
ing data for a HARQ (Hybrid Automatic Repeat Request)
operation 1n a wireless communication system, the method
comprising: receiving an uplink Grant from a network;
generating a data unit based on the received uphnk grant;
storing the generated data unit into a plurality of buflers; and
flushing the stored data unit 1n the plurahty of buflers when
a timer expires, wherein the timer 1s a Time Alignment

Timer (TAT), the uplink grant 1s received on a PDCCH
(Physical Downlink Control Channel), the uplink grant
includes at least one of uplink scheduling information, a

C-RNTT (Cell-Radio Network Temporary Identifier), and a
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Semi-persistent Scheduling C-RNTI, the data unit 1s MAC
PDU (Medium Access Control Protocol Data Unit), and the
plurality of buflers 1s all uplink HARQ builers.

It can be also said that the present invention may provide
a method of processing data for a HARQ (Hybrid Automatic
Repeat Request) operation in a wireless communication
system, the method comprising: receiving an uplink Grant
from a network; generating a data unit based on the received
uplink grant; storing the generated data umit into a plurality
of buflers; and flushing the stored data in the plurality of
buflers when the timer 1s not running, wherein the timer 1s
a time Alignment timer (TAT), the uplink grant i1s received
on a PDCCH (Physical Downlink Control Channel), the
uplink grant includes at least one of uplink scheduling
information, a C-RNTI (Cell-Radio Network Temporary
Identifier), and a Semi-persistent Scheduling C-RNTI, the
data umt 1s MAC PDU (Medium Access Control Protocol
Data Unait), and the plurality of buflers 1s all uplink HARQ
builers.

Also, the present invention may provide a method of
processing data fora HARQ (Hybrid Automatic Repeat
Request) operation 1n a wireless communication system, the
method comprising: recerving an uplink Grant from a net-
work; generating a data unit based on the received uplink
grant; storing the generated data umt into a plurality of
buflers; determining whether or not a timer 1s running;
determining whether a command for starting the timer is
received; and flushing the stored data in the plurality of
builers when it 1s determined that the timer 1s not running
and the command 1s received, wherein the command 1s a
Timing Advance Command (TAC).

Although the present disclosure 1s described 1n the context
of mobile communications, the present disclosure may also
be used i any wireless communication systems using
mobile devices, such as PDAs and laptop computers
equipped with wireless communication capabilities (1.e.
interface). Moreover, the use of certain terms to describe the
present disclosure 1s not intended to limit the scope of the
present disclosure to a certain type of wireless communica-
tion system. The present disclosure 1s also applicable to
other wireless communication systems using different air
interfaces and/or physical layers, for example, TDMA,
CDMA, FDMA, WCDMA, OFDM, EV-DO, Wi-Max, Wi-
Bro, etc.

The exemplary embodiments may be implemented as a
method, apparatus or article of manufacture using standard
programming and/or engineering techniques to produce
soltware, firmware, hardware, or any combination thereof.
The term “article of manufacture” as used herein refers to
code or logic implemented 1n hardware logic (e.g., an
integrated circuit chip, Field Programmable Gate Array
(FPGA), Application Specific Integrated Circuit (ASIC),
etc.) or a computer readable medium (e.g., magnetic storage
medium (e.g., hard disk dnives, floppy disks, tape, etc.),
optical storage (CD-ROMs, optical disks, etc.), volatile and
non-volatile memory devices (e.g., EEPROMs, ROMs,
PROMs, RAMs, DRAMs, SRAMs, firmware, program-
mable logic, etc.).

Code 1n the computer readable medium may be accessed
and executed by a processor. The code 1n which exemplary
embodiments are implemented may further be accessible
through a transmission media or from a file server over a
network. In such cases, the article of manufacture 1n which
the code 1s implemented may comprise a transmission
media, such as a network transmission line, wireless trans-
mission media, signals propagating through space, radio
waves, 1nfrared signals, etc. Of course, those skilled 1n the
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art will recognize that many modifications may be made to
this configuration without departing from the scope of the
present disclosure, and that the article of manufacture may
comprise any information bearing medium known in the art.

As the present disclosure may be embodied in several
forms without departing from the spirit or essential charac-
teristics thereof, it should also be understood that the above-
described embodiments are not limited by any of the details
of the foregoing description, unless otherwise specified, but
rather should be construed broadly within 1ts spirit and scope
as defined 1n the appended claims, and therefore all changes
and modifications that fall within the metes and bounds of
the claims, or equivalents of such metes and bounds are
therefore intended to be embraced by the appended claims.

The mnvention claimed 1s:

1. A method of processing data for a HARQ (hybrid
automatic repeat request) operation 1n a wireless communi-
cation system, the method comprising:

storing, by a user equipment (UFE), a data unit into a

corresponding HARQ bufler; and

flushing, by the UE, the stored data unit in the corre-

sponding HARQ bufler and performing, by the UL, a
release procedure for at least one of a physical uplink
control channel (PUCCH) or sounding reference sym-
bol (SRS) resource, when a timer expires,

wherein the timer 1s a time alignment timer (TAT) which

is used to control how long [a] tke UE [(User Equip-
ment) is considered to have] £as an uplink time that is
aligned,
wherein the stored data unit 1n the corresponding HARQ
buffer is flushed as a result of [the expired time] ar
expiration of the timer, whervein the timer is used to
indicate a time duration for which the UE [is consid-
ered to have] /as the uplink time that is aligned,

wherein the stored data umit 1s a Medium Access Control
(MAC) Protocol Data Umt (PDU), and

wherein the TAT 1s started when a time advance command
(TAC) 1s recerved from the network.

2. The method of claim 1, further comprising:

recetving an uplink grant from a network; and generating
a data unit based on the received uplink grant.

3. The method of claim 2, wherein the uplink grant 1s
received on a PDCCH (Physical Downlink Control Chan-
nel).

4. The method of claim 2, wherein the uplink grant
includes at least one of uplink scheduling information, a
C-RNTI (Cell-Radio Network Temporary Identifier), [and]
or a Semi-persistent Scheduling C-RNTT.

5. The method of claim 2, wherein any configured down-
link assignments and the uplink grant are cleared when the
timer expires.

6. The method of claim 1, wherein the corresponding
HARQ bufler 1s one of all HARQ builers

[7. The method of claim 6, wherein the all HARQ buffers
are flushed when the timer expires.}

8. The method of claim 1, wherein a [PUCCH/SRS
resources are released when the timer expires] RRC (Radio
Resource Control) layer is notified to velease the at lease one
of the PUCCH or SRS resource.

9. The method of claim 7, wherein a RRC (Radio
Resource Control) layer 1s notified to release the PUCCH/
SRS resources.

10. A user equipment (UE) [using] configured to use a
HARQ (Hybrnid Automatic Repeat reQuest) operation 1n a
wireless communication system, the UE comprising:

a controller configured to:
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store a data unit into a corresponding HARQ buller;
and

flush the stored data unit 1n the corresponding HARQ
buller and perform a release procedure for at least
one of a physical uplink control channel (PUCCH)
or sounding reference symbol (SRS) resource, when
a timer expires,

wherein the timer 1s a time alignment timer (TAT)
which is used to control how long the UE [is con-
sidered to have] Zas an uplink time that is aligned,

wherein the stored data unit 1 the corresponding

HARQ buffer is flushed as a result of [the expired
time] an expiration of the timer, wherein the timer is
used to indicate a time duration for which the UE 1s
considered to have the uplink time that 1s aligned,

wherein the stored data unit 1s a Medium Access
Control (MAC) Protocol Data Unit (PDU), and

wherein the TAT 1s started when a time advance com-
mand (TAC) 1s received from the network.

10

15

11. The user equipment (UE) of claim 10, wherein the »g

controller is turther configured to: receive an uplink grant
from a network, and generate a data unit based on the
received uplink grant.

12. The user equipment (UE) of claim 11, wherein the
uplink grant 1s recerved on a PDCCH (Physical Downlink

Control Channel).

14

13. The user equipment (UE) of claim 11, wherein the
uplink grant includes at least one of uplink scheduling
information, a C-RNTI (Cell-Radio Network Temporary
Identifier), and a Semi-persistent Scheduling C-RNTT.

14. The user equipment (UE) of claim 11, wherein any
configured downlink assignments and the uplink grant are
cleared when the timer expires.

15. The user equipment (UE) of claim 10, wherein the
corresponding HARQ bufler 1s one of all HARQ buflers.

[16. The user equipment (UE) of claim 15, wherein the all
HARQ buffers are flushed when the timer expires.]

17. The user equipment (UE) of claim 10, wherein a
[PUCCH/SRS resources are released when the timer
expires] RRC (Radio Resource Control) layer is notified to
release the at least one of the PUCCH or SRS resource.

18. The user equipment (UE) of claim 17, wherein a RRC

(Radio Resource Control) layer 1s notified to release the
PUCCH/SRS resources.

19. The method of claim I, wherein the data unit is used

for a retransmission when the retransmission for the data
unit is indicated to the UE.

20. The user equipment (UE) of claim 10, wherein the
data unit is used for a retransmission when the vetransmis-
sion for the data unit is indicated to the UE.

G ex x = e



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE49,442 E Page 1 of 2
APPLICATION NO. : 14/701162

DATED : February 28, 2023

INVENTOR(S) : Sung-Duck Chun et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 12, Line 50; In Claim 3, delete 5. The method of claim 2, wherein any configured down-link
assignments and the uplink grant are cleared when the timer expires.” and insert -- 5. The method of
claim 1, wherein the corresponding HARQ butfer 1s one of all HARQ buffers. --, therefor.

Column 12, Line 53; In Claim 6, delete “6. The method of claim 1, wherein the corresponding HARQ

buitfer 1s onc of all HARQ buffers.” and msert -- 6. The method of claim 5, wherein the all HARQ
butters are flushed when the timer expires. --, therefor.

Column 12, Line 535; In Claim 7, delete “| 7. The method of claim 6, wherein the all HARQ butfers are
flushed when the timer expires.|” and insert -- [ 7. The method of claim 1, wherein a PUCCH/SRS
resources are released when the timer expires. | --, therefor.

Column 12, Line 61; In Claim 9, delete “9. The method of claim 7, wherein a RRC (Radio Resource
Control) layer 1s notified to release the PUCCH/ SRS resources.” and insert -- 9. The method of claim
2, wherem any configured downlink assignments and the uplink grant are cleared when the timer
expires. --, therefor.

Column 14, Line 5; In Claim 14, delete “14. The user equipment (UE) of claim 11, wherein any
configured downlink assignments and the uplink grant are cleared when the timer expires.” and insert -

- 14. The user equipment (UE) of claim 10, wherein the corresponding HARQ buffer 1s one of all
HARQ buffers. --, therefor.

Column 14, Line 8; In Claim 135, delete “15. The user equipment (UE) of claim 10, wherein the

corresponding HARQ butfer 1s one of all HARQ butfers.” and insert -- 15. The user equipment (UE)
of claim 14, wherein the all HARQ butiers are flushed when the timer expires. --, therefor.

Signed and Sealed this
~ Twenty-first Day of May, 2024

Katherine Kelly Vidal
Director of the United States Patent and Trademark Office
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Column 14, Line 10; In Claim 16, delete “[16. The user equipment (UE) of claim 15, wherein the all
HARQ butters are flushed when the timer expires.]” and insert -- [16. The user equipment (UE) of
claim 10, wherein a PUCCH/SRS resources are released when the timer expires.] --, therefor.

Column 14, Line 16; In Claim 18, delete “18. The user equipment (UE) of claim 17, wherein a RRC
(Radio Resource Control) layer 1s notified to release the PUCCH/SRS resources.” and msert -- 18. The
user equipment (UE) of claim 11, wherein any configured downlink assignments and the uplink grant
are cleared when the timer expires. --, theretor.
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