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LONG DRX I N AN LTE_ACTI VE STATE IN A W RELESS NETWORK [ 0001] The present
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ousTIssues exist”for turning off the 25 receiver based
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listening period, the UE can turn off its radio transceiver during the standby,
thereby significantly saving battery resources. As will be appreciated by those
skilled in the art, unless a UE is used extensively, a large drain on its battery
comes from the standby cycle in which it monitors the paging channel and
measures serving and neighboring cells. DRX parameters allow the mobile to
synchronize with the network and to know that it will not receive another signal
until a specified time has elapsed.

[0004] Utilizing DRX in an IDLE state is utilized in present UMTS systems and is
done by the network signaling to the UE a DRX parameter and synchronizing the
UE and the network. As will be appreciated, in IDLE mode the UE can change
cells from one cell to the other. Thus utilizing a DRX parameter does not cause
significant issues.

[0005] In an ACTIVE state however, various issues exist for turning off the
receiver based on a DRX parameter. This includes the fact that only network
controlled handover is allowed in the LTE_ACTIVE state. Also, other issues
include efficient signaling of activation and deactivation of DRX, measurement
requirements of network signals during the DRX, handling of missed handover
opportunities, and issues dealing with the length of the DRX value in which entity
in the network can request DRX activation and reconfiguring the DRX period.

on a



control |l ed handover is allowed in the LTE ACTI VE state. Al so, other issues
i nclude efficient signaling of activation and deactivation of DRX,

measur enent requirenments of network signals during the DRX, handling of

m ssed handover opportunities, and issues dealing with the | ength of the
DRX val ue iwﬂﬁﬂﬁ@ﬁaﬁhtlty 30 in the network can requestcﬁﬁ%d%@gwwgfion and
reconfiguring the DRX period. 2 GENERAL [0006] The present disclosure may
provi de various nethods and systens for addressing the deficiencies in the
prior art regarding DRX in an LTE ACTIVE state. 5 [0007] In particular, a
DRX signaling peENERAUr e between the UE and the eNB, in which the eNB

signals DRX va nd ti m ma ns._as. part of ifie DU header,
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optim zati gp} o?‘ehq\tegﬁézlsg’éép%ﬁ 'itg %Sellh%b%\%@bg%fg @ﬁhé F’“ﬁé t:%Ebtggiscoul d, in
this case, sensigneledhptbeRRCo initiate or amend a DRX value to the eNB and
the eNB can ei fOBl?&r] TRE PR VAR & o‘h@'e%oﬁhehﬁéa‘%cﬂe :héreméfﬁéfqu&e&é%'a%ger ations
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measur ement accurac% npr oved short eni n e nmeasurenment cycle
fromthe DX chetaiapps %Pe@é'ﬁ‘fe&‘i’qq f?'}‘ﬁf%@?RSI“HmQPrgQTQR)e%MC@é Insa fughehed for a

certain anmount gbodihéR; thd DR value dah%ewanaftawdga@heﬁ@aruaﬁiama@, the UE may
deci de that nore freeg‘t;ent measur epnent needs to be perfornmed if the quality

of the signal feach@teskwiEipubsignalingppeih f’l?r"?%arﬂﬁ ®aENSr ni ned 30 tine.
Subsequent |y, fobed] IFeRfuheneBodiiert CappRdatiBelelél traffid ehskatibristios can wal rises
o ugered 1t ﬁ{éedreé%{{ara ary Ghtizaen ol e B it fimbrove batery ire” TR UE " °an b€
20 could, in this case, send a request to initiate or amend a DRX value to the eNB
and the eNB can either accept this value or reject it. Various considerations
including mobility, location of the cell, traffic characteristics, or missed handover
opportunities can be determined for both the UE and the eNB in choosing and
accepting a DRX value.
25 {o010] In a further embodiment, measurement accuracy may be improved by
shortening the measurement cycle from the DRX cycle if a certain threshold signal
value is reached for a certain amount of time. Thus, in the case of signal
_ degradation, the UE may decide that more frequent measurement needs to be
performed if the quality of the signal falls below a threshold for a predetermined
30 time. Subsequently, the measurement cycle can be increased if the signal rises
above a threshold for a certain time period, or a handover condition can be
triggered if the signal falls below a threshold.



3 [0011] In a further enbodi ment, m ssed handover opportunities can be
handled if the channel quality or signal strength of a serving cell is |less
than a neighboring cell by a threshold value for a certain duration.
Procedures _for switching to a target eNB are discl osed. e
present di QY84 %Cherefore provides a method of DRX ﬁcgféggﬂsﬁél"l"@a

| ong-term evolution infrastructure between an evol ved node B (eNB) and user
equi pnrent (UE), the method conprising thé steps of: providing a DRX val ue
or coded DRX value in a header of a nedium access control protocol data
uni t ( MAC PDU) {00+t ¢h aGirihesernbogimele amissechivandgvaroppetioities gan beadamied Hased on
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alternative pegjod or k | NB- reBPaH ustpe present
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period; and i f (MAG-PDEmENdEshvaiing Hieapivating erfeerniigywingd R basedonghe hor t er
measur ementy CygoGidbPPRXAREDRX cycle. [0015] The present disclosure may
further provide a nethod of handling m ssed handover opportunities based on
di sconti nuous [09?58Hﬂ‘P@FﬁSGMC‘QSHng?EFWV&ﬁiadH@HPd PURYETRARERRAUEFHIYN he
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measurement accuracy during discontinuous reception {DRX) on user equipment

er provi

(UE) comprising the steps of: checking whether a channel quality or signal

20 strength of a serving cell is iower than a first threshold for a predetermined time
period; and if yes, shortening the measurement cycle to have a shorter
measurement cycle than the DRX cycle.

[0015] The present disclosure may further provide a method of handling missed
handover opportunities based on discontinuous reception (DRX) in user

25 equipment (UE) comprising the steps of: checking whether a channel quality or
signal strength of a serving cell is less than the channel quality or signal strength
of a neighboring cell by a threshold value for a certain time duration; and if yes,
connecting to the neighboring cell.

[0016] The present disclosure may further provide: an evolved node B (eNB)

30 operating in a long-term evolution infrastructure, the eNB being characterized by
means for: providing a DRX value in a header of a medium access control
protocol data unit (MAC-PDU), and activating or deactivating DRX based on the
DRX value.



[0017) The present disclosure may further provides a user equipnent (UE)
operating in a long-termevolution (LTE) infrastructure, the UE being
characterized by nmeans for: receiving a DRX value in a header of a nedium

access control protocol data unit (MAC PDU) and ackno i n MAC- PDU:
and acti vaﬂ'%bqog)’%asﬁéé‘act I vating or reconfiguring DRX b&gg%ﬁ&?&@%% val ue.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018] The present application wll be
better understood with reference to the drawings, in which: 10Figure 1 is a
bl ock di agram showi ng a I ong termevol ution user plane protocol stack;
Figure 2 is a fob1rgRhel prgestiissioswe mpyefurtion gravidiesna esed agquipmrent (WE)r ol  pl ane

prot ocol architecture: 3 ' I . ] a net hod
to activate deEFOILA (Lgﬁg-telrg'n '?"8%@%‘?&3&? %ﬁﬁ@c%é%'it@%\{"%@?ﬁé °§§% - header
fromthe eNB shytaearisifgurezeBingiaDRX Faloainchsatiesdi amertumn anessh odnttod
acknowl edge the i vat i i vat ' ] odine DRX
period fromt h%m% 'Sdla e%nﬂqme?ﬁ@‘ltj)g%r%ea cﬁ@bvﬁésdggﬁ]ﬁ ﬁ%vMA%@?? %ﬂoa\%mi“ﬁéémg nmet hod
for a UE to5| edenctgptingppecadiguring DRXAbésed anitbe BBKemlugt i cs to i nprove battery
life fromthe UE side; 20Figure 4b is a flow chart showing a nethod for a
UE to | everage application traffic characteristics to inprove battery life
fromthe eNB sBRIEF DESCRIETEON OFTHE BRAWIMNGS oW ng signal strength threshol ds

and measur emengy, &Y ¢he pldsBftSipplication will be better understood with reference to the
drawings, in which:
10 Figure 1 is a block diagram showing a long term evolution user plane
protocol stack;
Figure 2 is a block diagram showing a long term evolution control plane
protocol architecture;
Figure 3a is a flow chart showing a method to activate deactivate and
15 reconfigure DRX period using a MAC-PDU header from the eNB side;
Figure 3b is a flow chart showing a method to acknowledge the activation,
deactivation or reconfiguration of the DRX period from the UE side;
Figure 4a is a flow chart showing a2 method for a UE to leverage
application traffic characteristics to improve battery life from the UE side;
20 Figure 4b is a flow chart showing a method for a UE to leverage
application traffic characteristics to improve battery life from the eNB side;
Figure 5 is a diagram showing signal strength thresholds and
measurement cycle times;
Figure 6a is a flow chart illustrating procedural steps involved in switching
25 toatarget eNB from the UE side;
Figure 6b is a flow chart illustrating procedural steps involved in switching
to a target eNB from the eNB side;
Figure 7 is a graph showing channel! status going below a lower threshold
value and then above a threshold value without any uplink data;
30 Figure 8 is a graph showing channel status going below a lower threshold
value and then above a higher threshold value with uplink data; and
Figure 9 is a graph showing signal degradation in which a handover
condifion is triggered.



Figure 6a is a flow chart illustrating procedural steps involved in
swtching 25 to a target eNB fromthe UE side; Figure 6b is a flow
chart illustrating procedural steps involved in switching to a target eNB
fromthe eNB Figure 7 is a graph showi ng c

I de; I goi ng
bel ow a Ioqusﬂpﬂ&&%ol d value and then above a thresholr}%q{/a ?J@O\E\‘}Oﬁout any

uplink data; 30Figure 8 is a graph showi ng channel status going bel ow a
| ower threshold value and then above a hisgher threshold value wi th uplink
data; and Figure 9 is a graph showi ng signal degradation in which a
handover condition is triggered. 5 DESRIPTION OF PREFERRED ENMBODI MENTS

[0019] Referenggai gpﬂﬂﬁ%ﬁ | igure 1 shows a bl ock
diagramil | ustﬁgﬂaﬁ’w (o] -@%’?ﬁ?&%ﬁ?‘?@ﬁm TE) user plane protocol
stack. 5 00203[op9URefeténcedsmammade estheidtdwidigst Figured\sbbwed bidokidiagraheNB) 120
and an access ! L,OUS r re illustrated in
t he protocol ﬁ@%’%ﬁﬁé%‘@%g‘%ﬁt{ﬁ%@é‘%{eﬂ%@ %’%’@%@éﬁﬁ&( PDCP) | ayer 140
i s illustra$edobz i Wi 11heonuBudideswith both abardgsl NadesB RINEY 126 ped ad 40

perforns inte )yopeader 10 conpressi on and deconpression,
encryption of ”%cgcgé’é@é?@(gégﬁg g'r of user data and mai ntenance of sequence

nunbers (SN) fop21] Mdriousieyerears. ilistoeRd jn BelpmtotdhstapDChel pagket dat®0 i s t he
radio link con f I 4 A0 | \ radi o
Tk cont rol  peieraBhed t6Bbol BHER) B 14y S ERERIH GPHE L fokrdtn, 120
cormuhni cat : on aCWA. (The PRSP layes 13A periorals intaspet prictecaliIRy headrsol st acl;{icsuch
as those ilkjus : i - : 1

| ayer 142 é? t%%%ﬁgglrn;hn:ar?? gérﬁ@.eetéselﬂﬂ%na?ﬂ@\lgﬁégﬁgf% G%%go‘ﬁ th%Peotae B 120.
[0023] Bel ow Rr® maiptenancefsequenee nwaberr(Shikiestadiodeartess. (MAC) data
comuni cat i on el Aty hEPBLPIAfr 148 ihé hadkEIARBRAARKSS) Ryetdigse ski |l ed

in the
which communicates with the radio link control protoco! layer 142 on the eNB 120.

As will be appreciated, communication occurs through the physical layer in
15  protocol stacks such as those illustrated in Figures 1 and 2. However, RLC-
PDUs from the RLC layer 142 of the UE are interpreted by the RLC layer 142 on
the eNB 120.
[0023] Below RLC layer 142 is the medium access control (MAC) data
cormmunication protocol layer 146. As will be appreciated by those skilled in the
20 art, the RLC and MAC protocols form the data link sublayers of the LTE radio
interface and reside on the eNB in LTE and user equipment.
{c024] The layer 1 (L1) LTE (physical layer 148) is below the RLC/MAC layers 144
and 146, This layer is the physical layer for communications.
[0025] Referring to Figure 2, Figure 2 illustrates the LTE control plane protecol
25 architecture. Similar reference numerals to those used in Figure 1 will be used in
Figure 2. Specifically, UE 110 communicates with eNB 120 and aGW 130.
Further, physical layer 148, MAC layer 146, RLC layer 142 and PDCP layer 140
exist within Figure 2.
[0026] Figure 2 also shows the non-access stratum (NAS) layer 210. As will be
30 appreciated, NAS layer 210 could include mobility management and session
management. -
[0027} The radio resource control protocol layer (RRC) 220, is the part of the
protocol stack that is responsible for the assignment, configuration and release of



20 art, the RLC and MAC protocols formthe data |link sublayers of the LIE
radio interface and reside on the eNB in LTE and user equi pnent. [0024] The
| ayer 1 (L1) LTE (physical layer 148) is below the RLC/ MAC | ayers 1?4 and
146. This | ' he physical l|ayer for conmmunications, [0025] Referring
to Figure i%%“ffﬁ?’é&z illustrates the LIE control pl ané’cﬂ‘? grgpeosy
architecture. Simlar reference nunerals to those used in Figure 1 wll be
used in Figure 2. Specifically, UE 110 cémunicates with eNB 120 and aGW
130. Further, physical |ayer 148, MAC | ayer 146, RLC | ayer 142 and PDCP
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in the eNB)l%m‘%‘ﬂ-] Various issues regarding DRX in an LTE-ACTI VE state are

consi dered herein. DRX signaling procedure [0030] Very effici ent
signaling procedures for activating and de-activating DRX and specifying

the duration opridRiafhj phscedlife F€quired in order to support a

[0030] Very efficient signaling procedures for activating and de-activating DRX
and specifying the duration of DRX periods are required in order to support a
15 large population of UEs in a cell that are utilizing DRX in an LTE_ACTIVE state.
[0031} As will be appreciated by those skilled in the art, if the evolved node B
(eNB) transmits data to the UE during its receiver off period due to a DRX
operation, the UE cannot receive the data. Therefore, an indication is required to
ensure the UE and the eNB are synchronized regarding when DRX is activated
20 and deactivated.
[0032] The indication between the UE and the eNB can be explicit signaling by the
radio resource control (RRC) or layer 1/layer 2 {L1/L2) signaling. As will be
appreciated, however, explicit signaling may not be as efficient desired.
[0033] A more efficient solution is to include an optional field in the MAC header of
25 aMAC-PDU (MAC Protocol Data Unit} to indicate DRX activation and
deactivation. The field preferably indicates the DRX value and timing margin for
activation and deactivation. A value of zero, for example, could mean DRX
deactivation in the DRX value field in a preferred embodiment. Conversely, if
data that is to be transmitted in the next MAC-PDU is the last one in the buffer for
30 the UE, the eNB may extend the MAC header field fo include a DRX length initial
value. For example, this could be 320 milliseconds, The timing margin is
explained below, and is utilized to reduce the consequences of a NACK to ACK or



15 large population of UEs in a cell that are utilizing DRX in an
LTE ACTI VE state. [0031] As will be appreciated by those skilled in the
art, if the evolved node B (eNB) transnmits data to the UE during its

receiver ow%%#asg due to a DRX operation, the UE Canr}%ﬁ"{ﬁ?&ﬁh’ od e data.
A

Therefore tion is required to ensurethe UE a are
synchroni zed regardi ng when DRX is activated 20 and deactivated. [0032] The
i ndi cati on between the UE and the eNB cah be explicit si gnaling by the
radio resource control (RRC) or layer 1/layer 2 (L1/L2) signaling. As will
be appr eci at edAChtsviACK misintgipreiations fog thelreerptiamgtatistof the MAC ci ent

desired. [003 heuefdigGh&edpsol ution is to include an optional field
in the MAC he:ltJ %ﬁ?%g nl\/&lé‘, (MAC Protocol Data Unit) to indicate DRX
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msmterpretatlon for the ref%é)tlon status of the MAC- PDU between the UE

and the enB. UE go4d shange tethepsespecifie vl t s may be added to the MAC
header to i@dijpedst ORLcE e VIR helDRX VAR, RRtkiivedhay & to thate® byt han a
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acknow edgjz |t to.the eNB b tirﬁaal%y?gng HARQ ACK and starts the DRX at
ra

the syste Fﬁ? F‘ftr%esé%%fltﬂ ation delay and processing del ay at
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t he i ndi vi dual lengih depending on the amount of data in the buffer or the quality of service
requirements. The UE reconfigures the DRX accordingly and acknowledges the
20 MAC-PDU. When the eNB receives the ACK, it reconfigures the DRX. As
indicated above, the deactivation could be accomplished by merely setting the
length value to zero.
[0038] Reference is now made to Figure 3a and 3b. Figure 3a shows an
exemplary method for controlling DRX activation in an LTE_ACTIVE state. The
25 process starts at step 300 and proceeds to step 310 in which data is transmitted
to the UE. As will be appreciated by those skilled in the art, data transmission in
an LTE_ACTIVE state utilizes the MAC-PDU at the data link fayer to fransmit the
data.
[0038] The process next proceeds to step 312 in which a check is made to see
30 whether the buffer of data to be sent to the UE will be empty after the next
transmit. if no, the process proceeds back to step 310 in which data is
transmitted to the UE. Alternatively, if the buffer will be empty after the next



[0037] During a DRX period, if new data arrives at the eNB, the eNB can
send a MAC-PDU with a header extension set to DRX deactivation or a shorter
DRX | engt h depending on the anount of data in the buffer or the quality of

service re The UE reconfigures the DRX accor

acknow edge @BJE’Q%)&NAC PDU. When the eNB receives the %E{ﬁzﬁgﬁ&’g%gonflgures
the DRX. As indicated above, the deactivation could be acconplished by
nmerely setting the length value to zero.8[0038] Reference is now nmade to
Figure 3a and 3b. Figure 3a shows an exenplary nethod for controlling DRX
activation in temsiikEnd@El ddka artied| eate Brew@Shar a theeshokitvaluesthetpracesp 300 - and
proceeds to S;ﬁ{))e%agté ézh data is transmtted to the UE. As wll be

appreciated b fose & ed in the art, data transmi ssion in an LTE ACTI VE
state utili zes0e46k In\iep S’U.Jt!'@teNBw@tsiaRX dctiveltion imtbe MAGC-PPUmeadar. Ale dat a.

0039] Th de t
See 30 whet herngfed SivelhALEs Librol Shvdich valteiEtpd g SERETCE (0
the next transBiRX peridd. doanather exrhodisxnt he ediBauay simply indicae apingreese in whi ch
data i's transgt bag kb nboe Aldfhiel intSkind bRKeb 8" Wil | be empty

after the nex ansmt an ta arriv rate i s Tower than a
t hreshol d val uwedai¢rminadaedused fitervalethe predeterg)inegintervabpahe eitheskrgw314, t he

eNB set s DRQB%%%NE%J U3 B{'&e%‘ﬁ B e om £ él\{iﬂ%& ?&;ﬁiﬁ'n ﬁgﬁ%@% this

i ncl udes a activation value 1'n |cat|ng the l'en peri od.
| n anot her enb@iehinrysiemebreagantsy RRGggRRINGdi cat e an i ncrease in the DRX

interval. Td‘evfeﬁﬂ ‘Fﬁé’ﬁﬁob&&éﬁﬁ& proGeda¥ 'to%téﬁ‘ﬁ%ﬁdhttﬁé ¥ath |ﬂcﬁndﬁ~|gﬁﬁ@det erm ned

reduced inter eterm ned interval may be eit nown to both
eNB and UE or fp?@ﬁ@h"éﬁg'lpéw henderis sept to therdk-he eNB via explicit signaling;

ei ther by systmiapReRfiGRs |s 1w fie f’o'l‘iﬁiﬂje'sﬂgln siéb :{ﬁoﬂmé]UETr*éﬁel{?ésQﬁéss t hen

proceeds to step 316 in which the data incl udi t he nodi f MAC- PDU

header is sentda@andgeegthat P%@EPVEI#@F isrspgeified 18 ﬂl‘ﬂ)Wﬁ:d’cféU h@ﬁ‘qﬁf g'ﬁl?fé 3b. In
step 318, the ﬂﬂ&ésQS ou&Ss th BRp@2D #h Wit FRE St amrwédgahemg/\cm

specified in the PDU hea er The epr ocess proceeds to ste 20 1 n which
the UE sends ARt system frame time considering propagahon
delay and processung delay at the eNB.
[0043] In step 330 of Figure 3a, the eNB receives the ACK from the UE and starts
the DRX at the next system frame time.
[0044] As will be appreciated, the DRX can continue until various events occur
20  which may require the DRX fo be adjusted. One event is the reception of data
from aGW by the eNB for the UE. Depending on the amount of data received, the
DRX can either be deactivated or the period of the DRX can be reduced. Other
events that may require the adjustment of the DRX include a change of signal
power level between the eNB and the UE or possibly a gradual increase in the
25 DRX cycle due to continued data inactivity, among others, These other events
are discussed in more detail below.
[0045] in step 332 the eNB checks to see whether the DRX needs to be adjusted,
As indicated above, this could be the situation where data is received to be sent to
the UE. Here the DRX can either be deactivated or the period adjusted.
30 [0046] From step 332, if the DRX does not need to be adjusted, the process
proceeds back to step 332 and continues to check whether or not the DRX needs
to be adjusted.



15 to the eNB and starts the DRX at the systemframe tinme considering
propagati on delay and processing delay at the eNB. [0043] In step 330 of
Figure 3a, the eNB receives the ACK fromthe UE and starts the DRX at the
next system frane t [0044] As will be appreciated Do conti nue

nme. D
until vari S4&* ’%/‘E’ﬁ‘{éé occur 20 which may require the Aggi?émgﬂ%usted One

event is the reception of data from aGWN by the eNB for the UE. Depend| ng on
the anount of data received, the DRX can%ither be deactivated or the
period of the DRX can be reduced O her events that nmay require the

adj ust ment of [OR47] OmKe ithechroenss in e Adfings thatdhmPRY daes neadtebetggiugiedn t he
eNB and t he URg r&%§§¢>ﬂawed§ t&&t@awmmaeesauétatﬁerm%m%@ar%e due to

conti nued data 1 nactiv , _anmong ot hers. These ot events are di scussed
in more det ai Id%ﬂﬁhﬂgfm bYHa%%f'éﬁlngﬁzef%‘@ll@\ig@ﬁ&ﬁi%ortaos@é@W%Pﬁer t he
DRX needs to bg gémmqsreﬁgwé@dl cated above, this could be the situation
where data i s recéil ved sent to the UE. Here the DRX can either be

deact i vat edS or [00#8 The MAStPRY; wittae modifed beadsy lqzqegpﬁoglg%HEgggep P#6-t Hee DRX
does not need {ACKSDGH S §3b cdultfais ReREs ay Q48 68 hAkdentrEcaeliby3d? and

continues to check whether or not the DRX needs to be adjusted. 9 [0047]
Once the proce§§31Wt§?‘?ﬂ§t%??“ﬁi‘mge‘”ﬁ’ét'epﬁe DRX does need to be adj usted,

the process prﬁﬁ%férﬁn%m@g&%m the \WdceBs tﬁen%déﬁaéﬁtotslfébﬂ%wﬁ&h%ecom d be

deactivating t nsmttin zero val uy or a shorter

DRX or a | ongeMpﬁF&:"Aﬁ P@%ﬂﬂif‘?gaea@r?ﬂﬁﬁﬁYedﬂéhq\Mé ﬂf’ﬁ% rF‘FPQPHQS HSdi i ed
header is gentpRX pteh@d HEo bél agjusted 3adin sIL3MACednias)ah Ackiovieddementaulie al so
T LT N
proceeds to st gpaddiion ﬂewaﬁdnpﬁobessm@elawswttﬁm eNBli fi ed header is received
P I T R e T Y N ey
period at the #enmodifiedtDRN periomt therwpmpnatecw:stemgrqmeom@ aTheopTochslsal)erand
P CERe 1909, BeB Yaek P B R0 oL it Ry abdp ™ P 42
appropri at e syposthAsniliree ppreciatét by fhose ekiled indime art, one issue with the above
occurs in the case of a misinterpretation of an ACK or a NACK. Specifically, the
hybrid automatic repeat request (HARQ), which is a variation of the ARQ error
control method, does not always properly demoduiate an ACK or a NACK due to
20 poor channel conditions. Thus, in some situations, one can be interpreted as the
other. By having the DRX activation and deactivation occur in the MAC-PDU
header, an ACK to NACK or NACK to ACK misinterpretation needs to be handled.
[0052] A possible solution to the above is the introduction of timer threshold
values before activating or deactivating DRX.
25 {0053] When the UE NACKs a MAC-PDU that has DRX header information, the
UE is unaware that it should adjust the DRX period. It will expecta
retransmission from the eNB. If a NACK to ACK misinterpretation occurs, the
eNB receives an ACK and it will not send a retransmission and will change the
DRX period. The UE waits for a time to receive the retransmission. If the UE does
30 not receive the expected retransmission, the waiting time should be limited by an
upper threshold (TH-A) considering possible NACK fo ACK misinterpretations. If
the UE does not receive a retransmission, it should maintain its current DRX
status. The eNB will expect an exchange of information with the UE at the next



15 proceeds back to step 332 to see whether the DRX needs to be adjusted
again. [0051] As will be appreciated by those skilled in the art, one issue
with the above occurs in the case of a msinterpretation of an ACK or a

NACK. SpeC|f|caI I the hybrid automatic repeat request ich is a
vari ation 8%\ error control nethod, does not al W& };%R%@@%}y

denodul at e an ACK or a NACK due to 20 poor channel conditions. Thus, in
sonme situations, one can be interpreted Hs the other. By having the DRX
activation and deactivation occur in the MAC PDU header, an ACK to NACK or
NACK t o ACK mi BRXtperqat df the iUErdueeed‘sreBpnridethbaNBlsbohld F@B2¢ thé predaisbl e

solution to t ta r t hreshol d val ues before
activating or h@%&?%@a%’% atttg%ﬂt(g %%Féhkgm'&h he UE NACKs a MAC- PDU t hat
has DRX header[od34} EvemWhema UERAC KSR MﬁC&RanheaUEm\aedstbv@tdoﬂ d adjust the DRX

period 1t Wi | oy Sx&lorfuleqh pANNIA RSP NAERTHERR Ao {r s DRCACKAGACK

i sinterpretati on"occuUrs receives an \ not send a
retransni ss§ onDBAthisimiterpretation gy theneNBRMepeailingdimeTsiouldbeviaiited by an upperi me t o
receive the ref If the UE does 30 not receive the expected
retransm ssi on”e?ﬁa%ﬁéprng time should be imted by an upper threshold
(THA) consi defob5sy lffusUE i reissinCHata@s Adlicairdgintbe L P2 signalpgshanrfel.t he UE does
not receive a : ﬁﬁ% at us.
The eNB wi | | eé?%%'@?’ leﬁlg %Ii%%ginre{réns #r%r%%g%sg\ﬁptoﬁ?ﬁy {UErUE[ Il%%ﬁénext

DRX peri od. |fcnenlethe$1tl@§mnamg cfesp@m&thintamﬂeimaumomrﬁ-l Epvert to the

previ ous cﬁﬁ‘é? 0054] Even
when a UE ACKs 666@&%% ﬁgﬁgﬁgﬂﬁgg@ érﬂé‘d?'%@afbcﬁ% ttll'Ia't @@ﬁgﬁn&g?%on due to

possi bl e ACK thsfere@Reativationrshpdd inerelprede gRReTthANIMATITH-, BHBITHC)
mi si nter pret at J@T&sggﬂa%frﬁa@anwggwﬁéa Eifter by SRtepiBidbakREolRiEE L ed by an

upper threshol 0055] I S mssing data as 1 ndicated on
the L1/ L2 si gn%ﬂ"l*@p channel , assuni ng the eNB will retransmt at the next

earliest opporjppyy) Wnods@%er\ﬁo@%%n&i@en‘éh%ﬂélﬁ he L1/L2 signaling channel
within a certa| n duratlon (THC. 10 [0056] Based on the various threshold

par anet er sldbove, the mni rrumtl me before DRX activation should therefore

be greater thaprx aBiafidh hd Atk BMNAGKRefbdrs; Thi s threshol d val ue can be
Signal ed el e ey St A0k bt BRCK niarprataion or 2h ACK 1 a disaontuone” | ©US
transmit (DTX) misinterpretation (i.e. the channel conditions are so poor that the '
ACK appears as noise to the receiver), the following occurs. The UE receives the
20 DRX activation in the header of the MAC-PDU and sends an ACK fo the eNB.
The eNB receives the ACK but misinterprets it as a NACK or a DTX
misinterpretation. This results in the UE activating the DRX before the eNB,
which may result in the UE missing the retransmission of the MAC-PDU from the
eNB.
25 - [0059] In the situations indicated above, an ACK to NACK or DTX
misinterpretation can be solved by the UE waiting for the timing margin before
activation of DRX. The margin can be based on the normal time that it takes a
retransmission to occur and weighted by the average number of HARQ
retransmissions to the UE that may be experienced. The DRX activation may be
30 indicated by the RRC signaling or in the MAC-PDU header extension. When the
" UE acknowledges the retransmission before the timing margin expires, the UE will
start the DRX at the system frame time considering propagation delay and eNB



DRX activation and ACK to NACK errors: [0058] For an ACK to NACK

m sinterpretation or an ACK to a discontinuous transmt (DTX)
msinterpretation (i.e. the channel conditions are so poor that the ACK
appears as_noise to the receiver), the follow ng occurs. The UE receives

the 20 DRX™MHIPYEH%n in the header of the MAG PDU and PS40 (o t he
eNB. The eNB receives the ACK but msinterprets it as a NACK or a DTX

m sinterpretation. This results in the UH activating the DRX before the
eNB, which may result in the UE mssing the retransm ssion of the MAC PDU

fromthe eNB. gocdsemgiime dsstiig3hdt bad camssciitinglimisiritereitions areveryACK t 0 NACK
or DTX msinte‘é@{(etatlon can be solved by the UE waiting for the timng
mar gi n before #¥ation of DRX. The margi n can be based on the normal tine
that it takes a retransm ssion to occur and wei ghted by the average nunber

of HARQ retranBE;ssl ons to!E!hggKéJ!EEhEt nay be experienced. The DRX
activation may t signaling or in the MAC PDU
header ext e515|mnso]MﬁMWhEthUBBﬁmgmm@@mraIhmO-EDUaﬂwnoamlhen before the
timng nmargin ex res U St ane tine
consi dering pr gIpeel ac?e?rﬁgc‘ghﬁh‘@@ ﬁb&'%)ﬁggxéggéfgﬁ??&%%oooog 11
processi ng ti nactastes therRX beford the Uto riktbe aNBuaaimtains thecCQrresatrdeciosthar e very
unli kely. DRX

the U sends. aORAse eftPefihel Mol i afius] RKCLwitdelodtBlmeLE vaghot - oy
by the eNB. | nattiveted secDRX iriR4tesicyi ohackingthe fragqueaniBobCR| wameanri thearDRX bef ore
the UE. If ,the | | . 5:3% . r t period
of tinme aft I%r SI@W&I{%%%B@}I&P@ 'Vcﬁ'% et }eg(! {lug i t%%hﬁgf %gessatﬂgp e{'llct i vat ed
t he DRX i ndi cateedurbqiuahaftﬂ(ianf'glatimﬂaDRX@qGéﬁﬁignsdftO@@thBéﬁdﬁ.rQQbmuOl’tstfoﬂan 10
signal the DRX4aGL) Wﬁtm&c&mﬁel-ﬂd-&@em%%? ﬁh\%ﬁlél&gMuitl Ie&lngoﬁﬁﬁj el eases

the CQ resource | ust activatin assi gns anot her
CQ reports frBivisiandyliimexingtopygiddhest ¢alligion. The eNB coul d use Time Divi SI on

Mul tiplexing o [ 0061]
In the case thgogﬁ%th@c\ébétﬁpgﬁﬂ atbl 'ﬁgsﬁ@cfhggwaﬁgwﬁmeeum %el\'}\ﬁen a 15

NACK to ACHS i NARKde pEkiraisintarprelation accurse kesowry for C@?Wéﬁpﬂnl zation
bet ween the eNgst@Beh fh@%NlﬁaddSth@Eféa@bét%li%ﬁ'ed/\lnéitﬁehﬁmﬂﬂrmm refﬁbn%nﬁn@é:é:ﬁnsm ssi on

mechani sm This 1 s because the RLC | ayer in the ansmitter will determ ne
that the PDU i Bephanism Jfistihbecaugs Lhe.m&fag%wréthﬁdfraﬁam'ﬁm@'*ﬂs@avfaw y
resendi ng the gpimwglios ahdtieaiforeGstibie Aormal ARQ recovery by resending the

original data not received.

20 [0062] In the case that the RLC is operating in unacknowledged mode (UM
mode), no recovery mechanism exists. One solution is, in the HARQ, the receiver
sends a channel quality indicator (CQI). In continuous reception, the channel
quality indicator is repeated every 100 milliseconds, for example. Based on the
CAQl report, the transmitter decides and indicates a coding rate, modulation

25 scheme, and Transport Block size. During active DRX, the eNB may expect a
CQil, for example, every second. If the eNB gets this CQI at a different rate (for
example 300 milliseconds) it knows that the UE is not in DRX and a correction
can occur. For the deactivation DRX in a NACK to ACK misinterpretation, the UE
still thinks it is in DRX while the eNB thinks it is in an active state. This can lead to

30 missed data; however, the next MAC-PDU an indication of DRX deactivation can
again oceur.

[0063] Thus assuming that the CQI (channel quality indicator) reportlng will be
aligned to the DRX length, the eNB will know if DRX activation is completed in the



20 [0062] In the case that the RLC is operating in unacknow edged node (UM
node), no recovery nechanismexists. One solution is, in the HARQ the
receiver sends a channel quality indicator (CQ). In continuous reception,

t he channel (g 6”?1 %/‘ﬁl ndi cator is repeated every 100 m || i%gﬁtg)%?s?a?for

exanpl e. report, the transmtter deci J& ‘cates a
codi ng rate, nodul ati on 25 schene, and Transport Bl ock size. During active
DRX, the eNB may expect a CQ, for exanplZe, every second. If the eNB gets
this CQ at a different rate (for exanple 300 m|liseconds) it knows that
the UE is not UB bp)%cmmgtlweﬁ:enuemytdf@ﬂlwmrtmgcwrnotﬁmpletbe, tﬂeaNBimea'tion DRX

0 a NACK to, AGIC T il RRY 81:Bhi By ANDEC W Sldbibe b BbRER ik 11 DRX whi e

the eNB thinks Tt Ve hi's can I'e m ssed dat a;
however, the naotmz-ltrm@ﬂbbhf@uratlnm cation of DRX deactivation can again

Cepor tihg wi 1 | BT ARPRETBR e/ ibmbeCar ibodreS ARt ine ANB rbbchds oGS Lo
activation §s Adwpte(Téd Requashmessige fiBmay UE ket khowld baia BR)éq%ﬂnjhEdJE ca

reporting. |7 AgkndRIHRl 6l iRchanbie? N HaKod! el RSO B dite Gfwiiend only a

MAC- PDU header OrTect recon |gur Ir'on. [ 0064]
Anot her recov emf;enrreeﬂl teasendisontrdl (fy@ mesbswiement teportsiiBnd ethel data messEHagbng 5

dvance (TA) REGURR 1 F55RARE bEPRL UL oy b e bt endiinedfcn (he UE

returns power scelver an ence, energes fromt state, It

will often neemesaagwnﬁhetih@ UElme{sea@es deerwégar@nlbmveﬂ@pwm pgssages fmer dat a
messages the ebfkr Uds éssth%ymﬁi}é Ahe LB IHAAE, dAer Qg))?(n%yhﬁ e QE &é bef ore

sendi ng these nmessages S the UE nessages y overlap
wi th nessages %$andm fOR@Jl'-ﬁé‘rOFlE@nﬁ%mtaﬁws&P@ﬂﬂ?bﬁf?athaft'wﬂegﬁgheméTAaf ter a

DRX cycle the me' éNBOifttI?é*Tﬁ %ﬂeﬁ aTrﬁeB%ﬂé‘E&ht \Prﬂenfihé BE@HH&I@B@ fSSrghannel  so

that it can get the proper fromt A request arrives at a
poi nt when thethEJENﬁmlﬁm!’“HBatltFP BRid f@"r‘iée‘@NBﬂW 'P?t D&?&Wﬁtmn %he UE did not

recei ve the | agbdifdatorrobsiit TROeB cAPMch r&akitO thelpHBPBRX Yeridd¥er #BEEan t hen
revert to the prior gerlod for that UE 15 and recover DRX-period

synchroni zat i o#nd rerdxerRBEweled HPRARIGAIARK to NACK errors: [0065] In the
case of DRX deactivation or DRX | ength reconfiguration, an ACK to

DRX deactivation and ACK to NACK errors:

[0085] In the case of DRX deactivation or DRX length reconfiguration, an ACK to

NACK or DTX misinterpretation leads to the UE deactivating the DRX before the
20 eNB, which may require no special handling if the UE acknowledges the normal

retransmission from the eNB and the eNB successfully received the ACK,

DRX deactivation and NACK to ACK efrors:
[00686] In the case of DRX deactivation or DRX iength reconfiguration, a NACK to
25 ACK misinterpretation results in the eNB deactivating the DRX before the UE,

which may result in the UE missing the new data fransmissions. The possible
solution to this is that the eNB indicates DRX deactivation on a MAC-PDU header
extension of subsequent MAC-PDUs. Assumptions are that consecutive
misinterpretations are very unlikely and that no DRX reconfiguration is needed

30 when only one MAC-PDU is needed to transmit the new data which has arrived at
the eNB.



NACK or DTX msinterpretation |leads to the UE deactivating the DRX before
the 20 eNB, which may require no special handling if the UE acknow edges
the normal retransm ssion fromthe eNB and the eNB successfully received
the ACK. DRX deactivation and NACK to ACK errors: [0066] In the case of
DRX deact i Y2 2088{083463DRX | engt h reconfi gurati on, a NACKRCE/CAZ008(0p0009

m sinterpretation results in the eNB deactivating the DRX before the UE,
which nmay result in the UE missing the ngw data transm ssions. The possible
solution to this is that the eNB indicates DRX deactivation on a MAC- PDU

header extensigRx Alto4Ae BEHIENtdMOR- PDUs. Assunptions are that consecutive
m si nterpretatlons are very unljkely and that no DRX reconfiquration is

needed 30 wherl08Rl § fgtner gpisideratiopds e dseringrial exighreipn of the DRYe RRWes tBatwhi ch

has arrived atgiithe reWihe DRX pgaltdd fat wm&ﬁemeh@aroe aeérbmbme@ (e.4. Qﬁ@gdtoré further
consi derati on |s the i ncremental extension of DRX. Rul es that_dictate

how t he DRX pef N‘E’ @zfrprﬁfé"%eme?ﬂiﬁ?@dc%}b%%&'?%??e‘?ﬂr@ﬂ tl'(eeraglo bS?"efQ%Q ors of

two), in a PrefpupetheniradirdBitied hake thsvzmal eébﬁfgtﬁratldrhﬁ radi o bearer
(RB) 5 set up. The rules are carrledq{b et-u /recqnflguratlon

n th
or neasurenentmﬁ%ﬁh‘fer“ﬂﬁ“tﬁ%@é@é?aﬂﬁsf e YE. (?" H“%‘FﬁSE 'g%&@at ixretRVetat a i s
Irecelt \ée? a”} eraffdr NttlfufréﬁltDFDRiﬂrldééCih@ieNHz?ﬂtﬁf\llaEaﬁ@}%éééﬂh?ﬁRKWgﬁﬁ@?Ré he D(I;I«’Xf
eng (0] e ne ar val ue u nat L c.a | el |l mpna e nee or
Siamali ng bot VB vagauAmaialy B st e kel 67 SiRai g Hetyeet
therefore savefe aﬁs\mﬂlﬂweamatoliacl’easéméy)melsﬁgth@aathet&orBEQ.c&%t\E@Ramx [ 0068]
i termnates all protocols fromlayer 1 to |ayer 7, the UE may

Since the
be abl e tngettéarnﬁ{yr{g SQYeESt can go into a |l ongest DRX val ue after receiving
sone .

UE REQUEST FOR DRX
[0068] Since the UE terminates all protocols from layer 1 to layer 7, the UE may

be able to determine if it can go into a longest DRX value after receiving some
15  specific data packets rather than waiting for the network to increase the DRX
value gradually. In this case, however, it is required that the UE have the
capability of requesting DRX activation.
[0069] As will be appreciated by those in the art, the eNB is not very intelligent
when considering a UE higher layer or application activities and thus would
20 normally gradually increase the DRX. However, the UE may know that the
increase does not need to be gradual in certain cases and can immediately go to
a higher value.
{0070] The eNB also signals if the UE may request for DRX activation via the
“radio resource control radio bearer set-up or a reconfiguration message.
25 [0071] However, if the UE needs to inform the eNB of the possibility of a rapid
change, the user plane datais not always available to piggyback a request for
DRX from the UE. In a preferred embodiment, L1/.2 signaling messages are
used. The UE sends a DRX request message to the eNB and the eNB replies with
a DRX grant message.
30 {0072] Various considerations may be taken into account by the UE besides the
application data flow characteristics in determining the proper DRX period. The
mobility and location within the cell, for example, may be taken into account. If



15 specific data packets rather than waiting for the network to increase
the DRX value gradually. In this case, however, it is required that the UE
have the capability of requesting DRX activation. [0069] As will be
appreciated by those in the art, the eNBis not very intelligent when

consi der i ngV@20080%3#Gher | ayer or application activiti eg’%’ﬁ&&?{ﬂ@”%m d 20
normal |y gradually increase the DRX. However, the UE may know that the

i ncrease does not need to be gradual in @ertain cases and can i mmedi ately
go to a higher value. [0070] The eNB also signals if the UE may request for

DRX acti vat i ongy iUk i§ Righly dbibfle bEISLS62Q1060 REigRtioring eI, iheastemag ehodsp tor  a
reconfiguration nessage, 25400_7%1 Howev?r, | f ‘é|h$| Uq'i:' needs to informthe
eNB of the pos@ﬁ'b?ﬁ‘?ﬁgoffﬂr DRX RESPA OREPRIE OrAPOSERE MAPYARE data is not al ways
a\rlrgi Labl eto p@omy lTﬁ@léNla Mgy GisdSHrarit@rshbief v%fu@ghatrth&Etedl when iknefve thiat d

enbodi ment, L1/L2 signalin ssages._ar se The UE sen a DRX request
message to t heth@NB 1§ '?'H'éﬂ'@gﬁwrs # PE e%E[ sZlr 'B‘P%lerﬁh%‘f’gé‘éeége. 30 [0072]
Various consi HinOMS, 88Yesebddetow. | THeceNECcamLaido donsitiehavFoitmesthel BE t he
application dg?ép%flocz\{rch raﬁ{ ﬁrp tics in deeh,ergi ni,n hige ro g(g DRX peri od.
The nobi lity afd PeCals oenitthe Et'?\‘éb%eeflola,c 8¢ %%(ér?ﬁ%? ,CEHEVJ% 't aken into
account. |f lditte a\dhorter tiieghlug fothe DBXor if it sees good nei ghboring
bossi bl ¢ handolfErél Tidbaiedhy Toh v 16e R Biiales AP obERy it R BiIRR; £

r equest ed. whenpdrod imnaesplidnat fididef Uplink scheduliag iggestsroByan if the diEaleady t he UE
has al ready, m ss handover 5 or Lt crl w. The eNB
can al so Ci%si@aéﬁﬁl?]gga)ng|r%§§grcgﬁgﬁfge|§séﬁleis ‘f&%%“@@?‘ﬂ%ze éedé%i?espﬁﬂc he UE is

cl ose to a cel feqeest fdagrefor tHecDNRdmation: ej ect or indicate a shorter tine val ue

1 o B B e s

proposed val ue e optio upl' T nk schedul i ng
requests. Evenvalife fohthe ORXal Theadifivation hims i aleo ingitated if thegeauastfor DRXds nessage
s used Withouérﬁ@@& actual resource request part for the DRX indication.
[0075] On the , the eNB responds to the requests by indicating an

al | owed valisie foors] irheonBRxnbotlirents ttha/BRK denueptaanibs integrated initheddled i f t he

request for DRXub§uih 3488t and DRX grant can be integrated in the UL scheduling grant,

[0077] The UE also considers its mobility and the likelihood of handover when
requesting DRX values, which can be based on the channel quality measurement
of the serving celf and its neighboring cells. The UE may also increase

20 measurement frequencies independently to detect handover conditions more
accurately, as described below. The UE may consider its mobility status, whether
high or low, which may be based on positioning measurements, an accelerometer
or the filtering of L1 data.
[0078] Reference is now made to Figure 4a. The process of Figure 4 starts at

25 step 400 and proceeds to step 410 in which the UE receives data.
[0079] The process then proceeds to step 412 in which the UE considers the data

| and optionally considers other factors as described above. Specifically, the UE

may consider the mobility of the UE or the signal strength of neighboring cells.
[0080] Based on the considerations of step 412, the process proceeds to step 414

30 inwhich it requests a DRX in the L1/L2 uplink scheduling request.
{0081] Reference is now made to Fig. 4b. The process then proceeds to step 416
in which the eNB receives the request.



15 [0076] In sonme enbodi nents, the DRX request can be integrated in the UL
schedul i ng request and DRX grant can be integrated in the UL scheduling
grant. [0077] The UE al so considers its nobility and the |ikelihood of
handover ting DRX val ues, which can be base nel
quality ne Ogtﬁr@%ﬁ'of t he serving ceII and its neighb € }r%:dﬁ 0ﬁ(’ragjgnThe UE
may al so increase 20 nmeasurenent frequencies independently to detect
handover conditions nore accurately, as described bel ow. The UE may
consider its nobility status, whether high or |ow, which may be based on
posi tioni ng ne8eaz EheeliB, in stepAd 8 epesidaratherreqest ans stheraptional fagtors as dat a.
[0078] Refere dTesie i fB4Aa dBF RE&as: 1 UEIHdE hsgdgst art s
at 25 step O(r)HTegn ro}:q(éeds tcgiegltyleﬁgfl ny %P‘?Ich ﬁe UE recehigves at a.

[ 0079] The pr o%@ejléianﬁ@ferppmé&sbqf@'eﬁwl%ﬂo aﬁew\mtﬁﬁa%@r ig)Righlynsi ders t he
data and opti Omééuley Iﬁéi@ghﬁ?fh% éﬂfd}ferc.dta@%emﬁr@seus\ﬁ%fewee@&t 8hsPa14

Speci fi cal Ig/ consid ty o or the signal
strength of né?i’@ﬁ%éﬁ @éﬂsl'%StePGG)QOHf Yﬁagﬁp@?ﬁsﬁ lﬁ’é"%@?ﬁs‘ioétﬁpaﬁ&éﬁls of step

412, the proceg§eiPi %ﬁé@ﬁ]aﬁ fﬁe%diﬁsﬁi'a@ b%@n Eoepftiac 1t d, trfeeiﬂét.%‘éé ProeddgX i n the

L1/ L2 upl i nk schedul 3 reque Reference_is now made to0 Fig. 4b. The
process then ﬁf%éféﬂéz 8’%?Féﬁ“%ﬂﬁvh'qii'tﬂhﬁﬂﬁC?'hé'“'@"\lﬁl?céér@r?@éesf he request.

15 [0082] The &H%Ietélﬁ'oﬁéé?ﬂ;n.@%@st%@ﬂ&ﬂé@fuﬁaﬂbhﬁxrﬂ%}gﬂﬁt and ot her optional
factors as descri bed above ecifica e eNB ma%/ consi der whet her the

UE has ni ssed B0%3bReferingds Fig- 46&;56“@!%?%‘5?55@? gseonse ffog hesliB ip gteg ce |
boundary, @F igs2haethindy B8KAOWRAgS h Hée44420 the eNB deci des whether to all ow

t he request of ste based he fact or t he
pr ocesg pr ocedd®4 g‘sﬁl'@?? ameq'aﬁem@’ﬂsq ?ka}é %‘P?ﬁt ﬂlﬂ" Pﬁé&’@ﬁ[‘?@éﬁ" has been
accepted. |f npacclise ﬁﬁlﬂ@@éﬁdeﬁ'ﬁi@ﬂ§ﬁﬁ$e){dwﬂiﬁrﬁﬁﬁme489 Whedtaefvafid@then whi ch

the eNB can ei ect t reguest conpl etely, or can,suggest a shorter
Horatton for  tREXibdeoaRer ¢l et it heas e pPpar Py S i HeE el Uos the
response from dfitiee efsBnél vosditon eslimatiéh |sa|agl‘ada‘.y Puxiodhd megsuremerstt ep 444.
[0084] As w be appreciated h i in th ng. DRX may
oo 1o 1 nikeroateShRdiaubR Saipeing 126, ¥ U5 Bhyries & Rafobsrshee o
activating t hego@RKBasduorr the abonay, thei dNB dmmvrejetidbs raneastur granhé siogieaed uni ty and

the measur emortro 4k i aByE BBEne R idcd 3k B bbpRbde ARUERREY i ss &
handover oppordanrietbased aﬁ)m]cumemmdjmam@am asslﬂniem& awailablejtbet t he

request or gratrl“ée 8@&%:&&‘%@%'& oHBw he! m‘ﬁ@PXﬁa&{f rstwbiﬁmrpgcér?anln OCat ed

close to a cel n-can current ti
adj ust nent 2&/al pfeioasemaidaﬁgg celkragiuaior ﬁlblngrnbemf dgEaamlsltlnatﬁige WE aoesqut\mﬁet her

high or ow. thgsnuiilehn 6 ndadysietodtdatibaing Siialdhed ycie ely consi derf ng

cell radius or occasl 0 oes out of The serving
cel | or indeednigiavinietys picedafhtishgra #ikfastorsihat can pe C@'ﬂSlQﬁﬁ%d oestap 418.9§. macro,
mcro or pico)pigllaefe are all factors that can be considered in step 418 of
Fi gure 4b.

25 MEASUREMENT ACCURACY
[0086] A third factor for DRX in the LTE-ACTIVE state is the possibility of missed
handover opportunities. Since the UE receiver is turned off during the DRX

_period, the measurement quality of serving and neighboring cells is likely
degraded compared to a continuous measurement. This degradation may lead to
30 premature handover or missed handover opportunities, which should be avoided
to the maximum extent possible.
[0087] In order to reduce the number of premature handovers or missed handover
opportunities in DRX, in a preferred embodiment the UE is allowed to have a



25 MEASUREMENT ACCURACY [0086] A third factor for DRX in the LTE-ACTIVE
state is the possibility of m ssed handover opportunities. Since the UE
receiver is turned off during the DRX period, the nmeasurenent quality of

serving and ne| hboring cells is likely degraded conpar ti nuous
neasur ement™ gg gradatron may | ead to 30 premature ﬁaﬁ%ﬁwﬁw&@ﬁ m ssed

handover opportunities, which should be avoided to the maxi num extent

possi ble. [0087] In order to reduce the Hunber of premature handovers or

m ssed handover opportunities in DRX, in a preferred enbodinent the UE is
al | oned t o havshoster méasinemerd cycietsn tenBRX cysie vben hapessdne BRéxapplecit when
necessary. For I . | | is | ower
than a thres hofhg)éﬂg%e?q%"{ytﬁﬁg-%@%%@és“t'%@?htﬁdﬁ? Qqhdé%%lds\%rdéﬁg?réeﬁtz or

short er neasur maystartcortingsus weasusgaends bishogdeposasiuidmenhayatkswte preperedi t i on. | f

1 LU Ut OrP8 pleclh ARG Bhaio 1 furld i by SERRRlade L egnoDt 21 ned by

t he conti nuous ne sure a the UE can
go back to 5hechaeadmﬂelrmnbtamydbreﬂecmatlnuous meeswemiy%greatemanﬁll be

appr eci at ed bymré;ﬂgrs varsk B ﬁ% Ué‘cér{% BHck t%fhg%éa‘éﬁ}eh@hﬁﬁg u¥i36 YRS T epresent

better channel con I ONsS at triggers over so that a
sufficient | evBRXs¥ciacOawilde appresistas bYetHOSﬁh’@IHEfﬂ ﬁtﬂ]ﬁ’ prbdhe vocthegsheld e handover

10 condi tions, vélr?&ésrﬁﬁpem%ﬁ@%ﬁ c&ﬂfﬁ@ﬁéﬁﬁh%'vﬁlﬁe%@a"ﬁ@ﬁer’sl at ervaf& 0088].

one enbodi nent resent |sc osure, the neasure may be
configured to that e&rﬁ&qlertt level abrscuranyds ohipingdl whereteauiyedio eNalate Randovar

| nteger. Thbs usdindtsisiid ekt bSbritfiREScaR ke My be expecting a

handover and/or there Is 089L1 The network can configure
t he t hr eshol ds[08§Rl 'ﬂ%%h@ﬁcﬁ@?m%@§ﬂ@ﬁé"rﬂ's treedie mgagurenest ipteivabe si gnal ed

to the UE via R&?B@E&ﬁbuﬂeﬂft&f)é@&da@fb @DRR%tBEQd%’EWyWHéreW@%m message.
The MAC- PDU header can i ndi cat he network the shortened, DRX cycl e

val ue once t heintggehddissweg E‘Pl@dth? ﬂ@aﬁewwe s noRilednay be expecting a

handover and/or there is high mobility.

15 [0089] The network can configure the thresholds and the shorter measurement
cycles, and this can be signaled to the UE via broadcast information or an RRC
measurement control message. The MAC-PDU header can indicate to the
network the shortened DRX cycle vaiue once the UE has shortened the
measurement cycle.

20  [0090] An example of the above is when there is an RRC connection or a radio
bearer is established. In this case, the eNB can indicate the two channel quality
values to which shorter DRX is started and stopped respectively, and the ratio
between measurement and DRX cycles.

[0091] On the UE, the UE acts on the RRC signaling and starts or stops the

25 shorter measurement cycles according to the measurement of channe! quality
compared to the threshold values.

[0092] Reference is made to Figure 5. Figure 5 illustrates various zones where
the UE may be situated including threshold values to indicate the DRX cycle. In
the first zone 510, the DRX cycle equals the measurement cycle. The UE stays

30  within this zone until it reaches a threshold 520 in which it needs to start a shorter
measurement cycle.

[0093] The UE stays with the shorter measurement cycle until either the signal
degrades to indicate a handover condition 530 or if the signal improves unfil it



20 [0090] An exanple of the above is when there is an RRC connection or a
radio bearer is established. In this case, the eNB can indicate the two
channel quality values to which shorter DRX is started and st opped

respectivel e rati o between neasurenent and I 1] On
the UE, th %E%%?%n the RRC signaling and starts o%@%@zﬁ'ﬁ‘g’o@ggshorter
nmeasur enent cycles according to the neasurenent of channel quality conpared
to the threshold val ues. [0092] Referenc& is nade to Figure 5. Figure 5
illustrates various zones where the UE may be situated including threshold
val ues to i ndi sehieves be upleX tirgshold 5407 at Wisic poistithe DRX ¢ydle ant reablir¥mentc| e
equal s the neasu errenltz%_]ch{e. The UE stays 30 within this zone until it
reaches a t hr eSiG FU8RFC r?'\ﬁﬁich it needs to start a shorter neasurenent
cycle. [0093] [bhet) PrefetablytheellB sighals $ifedollowvingiefasratomen theaydib bearet sdt- ei t her

the signal degrades_to indica andover condition 530 or if the signal
| mproves unti | R g”"f'fneféHrieWé'ggoiﬁODBB%"%g%hreshol d 540, at which point the
DRX cycl e afd meas W ibghenthrestoldevahsuaed éplehgthémthe DRDOORIE. ThistHighieabl y t he eNB
signals the followgng., nformati.on i he,radio bearer setup.or in a
reasur ement cont r o MRISRLYAEEEReS Babhot ekt R Ro SehERRPehl engt hen
the DRX cycle. Thi % Ibwgttareshéid ealbeuskdtalsherténtie DRXayclei gheltowshannel quality
and/ or si gnal streﬁ%tgl_i? AII Q\A@r tth eshqgl d vial u‘;ﬁyus&d t.o orten the DRX
cycle. The |ower tAPEYIRN YRlNAINdIGatps iBWELEha0ne! Sualty apdlRSignalSEaNamy and/ or
signal strength;s Time-to-trigdérnRsdointéd wipthe higheotbiresheld vaiuk Ant ke 1bvgher
t hreshol d Ygl ue an%1 t t]_.e CJ O\i\BI’_ 10t hreshol d val ue; and
reshold value; an
» The handover condition, such as the “best cell changed” and the
measurement cycle equals zero, indicating continuous measurement.

[0095] The diagram of Figure 7 shows an example in which the channel quality or

15 signal power {as indicated in measurement reporis) goes below the lower
threshold value {LTV) and then goes above the higher threshold value (HTV)
without uplink data. In this case, the shortened measurement period is
implemented between A and B, whereas the DRX cycle equals the measurement
cycle before A and after B.

20 [0096] Figure 8 shows an example in which the channel quality or signal power
(as indicated in measurement reports) goes below the lower threshold value (LTV)
and then goes above the higher threshold vaiue (HTV) with uplink (UL) data. In
this case, the UE goes to a short measurement cycle if the channel guality is
below the lower threshold value more than a certain duration (time to trigger). !f

25 there is uplink data, the UE sfarts an initial UL access procedure to obtain a UL
resource grant by sending the scheduling request. The scheduling request or the
header of the uplink MAC-PDU could indicate a request for a shorter DRX period.
The eNB responds to the request by sending scheduling grant message with a
preferred DRX value or the eNB could indicate a preferred DRX value in the next

30 downlink MAC-PDU. When the scheduling grant is received or the downlink MAC-
PDU is acknowtedged, the eNB can start using the new DRX value. The figure
then shows the channel quality or signal power (as indicated in measurement
reports) goes above a higher threshold value for a ceriain duration (time to trigger).



The handover condition, such as the "best cell changed" and the neasurenent
cycle equals zero, indicating continuous neasurenent. [0095] The di agram of
Figure 7 shows an exanple in which the channel quality or 15 signal power
(as indicated in rreasur enent reports) goes below the | gwer threshold val ue
(LTV) and tYRH%YEEELabove the higher threshol d val ue (EBFVACARBATE upiink
data. In this case, the shortened neasurenent period is inplenented between
A and B, whereas the DRX cycle equals tht nmeasurenent cycle before A and
after B. 20 [0096] Figure 8 shows an exanple in which the channel quality
or signal poweThgEE indindtasat reduéshfomedengeeRBNivalue jrothe stheglolig) feqlieshot ine | ower
threshol d valu | t alue (HV)
wi th uplink (Lf'f(hgg%gr ﬂ‘% @%@?D@QE@L@%&Y&?#@H&! ﬁ‘?%haB rgép%%pgnogtgéur enent
cycle if the ctequestby gertding 3sihediiog grant h'@sssagaewthtapre&hedi OR¥alabe andre t han a
certain durati gl th SilthaRbatic hode o thEEa LSRR LaLRrchNe Vo
access proce tarn a

starts an initia _ our'’ce grant by
sendi ng t he5 schBYwriug yvith @y rstinatiomiestartthe dutomagic mede insthe beactelnef theadstr of the

upl i nk MAC- PDUyGoshMaRdbisalWin & fEdLi, d’itﬂoéraﬁt i RREHE o%daﬁﬁﬂn?(ﬂlme:he ens

responds to the request by sen ant nessa
preferred DRX BaULﬁaaQKﬂowlﬁ@@NBﬁ@matlmWﬁjlﬁ@tﬁn‘édalltbltf@fleltlalélR)DWmWal ue | n t he

t 30 d I
Gounl | k. VAGPDUCH 2] RN Al it BEREste 0n BEUP el bR e Val ue

The figure thewr@ﬁbmssaaetmﬁauﬁsahe@umammrerrmngnfammsomer (as |nd| cated in
measur emento r epesd The aseﬁﬁplaepvguﬁe @srgmra %H&%ﬂ%ﬁﬂbﬂ't@eﬁ % this %§§é al n

duration (tinme to trigger cates are or a DRX
value in the s@ﬁéwuﬁluiﬁgfaﬂwweggraemg.untiitltmﬁoweﬁ%elow Iqweétmmlma UL data

is available, ﬂSF‘Ec@Mﬁ‘nﬁrﬁé r & WHit® go (P’ ﬁﬁ%ﬁébEQYar@%@ﬂP%%h@ﬁéChedm ing grant

nmessage with a preferred val ue and an indication to start the automatic
node or the eNBeRJYETRNHJiNe MEcthan presithe hanglovergriditien faea gertain dwrafiendi cat i on

to start the aghengiriggesenis okiaft th@@!iﬁiﬁttlé{és ihew&%éssoméwdwadw\c- PDU.

When t he schedullnﬁ grant .S received or downl 1 nk

acknow edgédd sghefyling request iy qrdgy tQ\P?tﬁ‘“t%eF?H’?qsafPr thRX val ue

speci fi ed by tulnea%edtfepmﬂrﬁb%&ags emldmh&owg%d®§$W5tfoggg? <1’31_h
e

WU control message to re est ut.omati ¢ i.ncr

exanpl e of Fi g‘iﬂ"gmé?uéﬁ OA”HQ %?ﬂf"f‘i" '???‘:?'Ng‘ﬁ'éﬂ requgstaiinthgase, the
signal is graduvACIRDUlegrartd the measirbmbit r@pﬁdﬁﬁﬁ@&&g@e'l' hﬁléNBnL dsitbtRshol d
value for a certain. tine i_L{%i?étarts using a

shorter neasur &SR bY W"’@é"hﬁéﬁ'q%%@ggmﬁsﬁaﬂ%}“fﬁ rp"’cfﬁrﬁ‘?ﬂep agot 5 certain

duration 20 zeroorthe eNB could indicate a preferred DRX value of zero in the next downlink

MAC-PDU. When the scheduling grant is received or the downlink MAC-PDU is
acknowledged, both sides deactivate DRX. On handover, the UE receives a
handover command and obtains downlink synchronization to the target cefl. The
UE then indicates the channel quality and/or signal strength of the target cell in

25 the handover complete response. The eNB can then evaluate when it is safe to
activate DRX. If so the eNB indicates DRX activation in the downlink (DL) MAC-
PDU header or L1/L2 control signaling.
[0098] in the above paragraphs, the requests made by the UE for a shorter or
longer DRX period or the DRX value itself are in the scheduling request or the

30 header of the uplink MAC header. The eNB responds to the UE, by specifying the
preferred DRX period with an indication if an automatic DRX increase/decrease
rule can be applied, within the scheduling grant or downlink MAC-PDU header.



(time to trigger). At this nonent the UE initiates the UL access procedure
and 15 transmts a scheduling request in order to obtain UL resources for
t he neasurenent report nessage. DRX val ue of zero or a request for going
back to continuous reception node can be indicated in the schedul ing
request or WOPWHB3MMBC PDU carrying the measurenent repSitGRELE4HR0 The eNB
responds to the request by sending scheduling grant nessage with the
preferred DRX val ue of 20 zero or the eN® could indicate a preferred DRX
val ue of zero in the next downlink MAC-PDU. Wen the scheduling grant is
recei ved or t Heosdpwrdrotier bioodBent, theaschedulihg chgadst ifafiddtessthel esusdefict | vat e

DRX. On handover.., the UE recejives a ndover nd. . ai ns,downl i nk
synchroni zati o‘fP"P‘ba‘E“ﬁ’és t'F: 8 %|spppo$§éh%gug%%5ﬁ2&%g§$gfsfgé]%ecg H%fh%el
qual i ty and/ orvVGiPgmils cigirategt h1 arfiertfbrethé aetgetk toeédpohdntf@ﬂl@lﬁ‘e;ahaetdpver

DR Tt Cso’t hoaRe i G P ER et ARk W e s cP Rk Sists Khopo
header or Lscli/ Ll cetupr THe eNBrepliestg.thd @QO&sSt by seridirg amhedulmdrgagﬂapﬂs t he I

i DRX
eaussts e ekl S oEARL S oiorkBERRK B Por o o e DR vl ue

header. The eNB responds to the UE, by specifying the preferred DRX period

th d t4 i I b
‘é“ppl | 23 '\r,‘m 'tﬁaﬁt HONANG HANBLING RYGAIRSPANSEUR o0 hoader T 19 [ 0099]

I'n anot her entio@ofEnt , lnnedesmiumtha@m@ua@esuﬁmwﬁmtma@ta:uarsleeosf upl i nk
access. Fohg eXaiios r‘i@?ﬂ??@détgﬁﬁm WalH céévg%o?@h&ﬂ%ﬁése& e ds a

VC]Pcalllsorllna n or ort to respond th C]Pcall
setup pr orrpt I y|fSl!CI|1@ egRdijemissatisfied stba bihonld estaglinhsa cmnewoa t@ause of uplink
access, ﬁge&énﬁ thdr ﬁ‘&\% BRI & k@v»)ilh?e é@?ét‘?ai d BYthe&hdi ng a
schedul i ng grant 0 h |htﬁa ; ﬁmd zZero pre% eWed DRX val ue).

t
DETECTI ON AND M&@Lﬂ m%gmhﬂ%w imﬁastmmm nepmlibe&]eldrhaamj@r to utilize
the DRX in t heyhddauisHpMi ahll e aft v R0 B pr6chdbRRs GUEH 8¢ beeddietibie UE to

determne if a handover gpportunity is mssed is preferable. If such a
condition 1% s3fyseditMTBhe UE shoul d establish a connection to a

nei ghbori ng Ceﬂobwﬁﬂt hery, H’@Bre\‘é?l%d%@dbébi&ﬂ;h@%é chaﬁﬁel\uubhy Bﬂhe@mﬁaglceﬁ ed by
those skilled in the art, .in.the LTElnfrastructure ng net wor k based

handover pr océﬁlﬁseg‘a&ﬁﬂ%@@ﬁﬂnqq’ﬁyr@ afheesheld veiue SSaeA £p dwatorch as cel |

resel ection the UE is required to connect itself to the neighboring cell on the target eNB. The
value C and T can be signaled by system broadcast information or RRC signaling.
20 [00102] The process for switching to the target eNB includes the steps of :

1. Start UL initial access procedure to obtain a timing advance value for
the target cell and uplink resources for the subsequent control
messages;

2. Transmit a reconnect request to the target eNB with the current RNTI

25 (radio network temporary identifier) and previous cell iD;

3. The target eNB contacts the serving eNB in order to obtain the UE
context and downlink data needs to be transferred. The target eNB also
connects itself to the access gateway and removes the serving eNB
from the aGW, and

30 4. The target eNB transmits a reconnect response to the UE with a new
RNTI and uplink grant.
[00103] An optionat component includes a status message to be carried over
the reconnect request and response so that the amount of data transferred



15 as used in UMIS. [00101]If, in a preferred enbodi nent, the channel
quality of the serving cell is less than a neighboring cell by a threshold
value C for a certain tinme duration T, the UEis required to connect itself
to the neighboring cell on the target eNB. The value C and T can be
signaled b %%@f’@%‘f“ﬁroadcast i nfornation or RRC si gnal PR’ CA2H30H8%02] The
process for switching to the target eNB i ncludes the steps of : 1. Start UL
initial access procedure to obtain a tirfng advance val ue for the target
cell and uplink resources for the subsequent control nessages; 2. Transmt
a reconnect r esptvesn theotardet ahdisereing eNB ant bhtweks theutargehandeiing?elB aod o

net wor k terrportgééi{i}["geer@h[éwtﬁm&lzé]egarf%eeeéh]%%&eII ID; 3. The target eNB

contacts the s taln the UE context and downlink
dat a needs t o 1oty ans fOptimimhtior®iscltde the recohiizchresioesidmster  abdvestelbe t o t he

t [ The t t
oNB L1 apar o SO UL AR Tty REIG PP P AR o e dR bralBEp 0P, R O
grant. [0019D3]30U (genicmiaita eutypequence nurobearswhbich thet UiE bas 1eeeivethe to be carri ed
th : t
Cransterred  JoopeiEn ot atRaRGs fcs B larilf ARl BE o,
and serving eNBbatransféresdirom thetsenfingcie tha target eB B oven thecaintoiieied.
[00104] Ont i mi zgfiARs vl BG HELE BOR if HE PRREGre! FISEP SDU dhqalitR reniBBRVE o be

need to be used.

10 [00105) Likewise, the reconnect response can be sent with a status report
showing PDCP SDU sequence humbers which the serving eNB receives
successfuily so that the UE can retransmit data that was missed.

{00106} Further, if the farget eNB finds that there is no data to be transferred
from the serving eNB and from the aGW, the reconnect response indicates DRX

15  activation.

[00107] The above is illustrated in Figure 6a in which, in step 612, the UE
obtains a timing advance value for the target cell and uplink resources for the
subsequent control messages. The process then proceeds to step 614 in which
the UE transmits a reconnect request to the target eNB with the current RNT} and

20 cellID. The UE then waits for and acknowledges a response from the target eNB
in step 650.

[oc108) Referring to Fig. 6b, the target eNB receives the request at step 615
and then proceeds to step 616 in which the target eNB contacts the serving eNB
in order to obtain the UE context.

25  [00109) in step 618, the target eNB fransmits a reconnect response to the
UE with the new RNTI and uplink grant.
[00110] The above can be implemented on any UE. Such UEs include, but

are not limited to, personal digital assistants, cellular telephones, wireless data
devices, among others.

30  [00111] The embodiments described herein are examples of structures,
systems or methods having elements corresponding to elements of the
techniques of this application. This written description may enable those skilled in
the art to make and use embodiments having alternative elements that likewise



sent with a status report showi ng the PDCP (packet data convergence
protocol) 5 SDU (service data unit) sequence nunbers which the UE has

recei ved successfully. This information hel ps to reduce the anmount of

downl i nk user data to be transferred fromthe serving t eNB and
over the aMPPPBAY3UE. Since the RLCis Iikel y reset }P%T%(‘lr}goo%@@@ggdur e,
PDCP SDU sequence nunbers need to be used. 10 [00105] Li kew se, the
reconnect response can be sent with a stdtus report show ng PDCP SDU
sequence nunbers which the serving eNB recei ves successfully so that the UE
can retransm tecoftaéponti bathe whanantssfdhe teLRIquEs]df thid dpplicatioh. Thecinteadertet eNB
finds that there is  no data to_he transferre f .0 h ryi eNB and
from the aGN AR PUPDIFRANTUGS RS BB‘“h% %F?i'c?f‘é'&‘{sgg‘*"ﬂii °i’59?8fr\‘§‘érf§’§'§&%‘gﬁ'ﬁo107] The

above is il | usdrmettedsithat Bo gor diff§drormthetechhiquesiofdhie pplitation dssddsBribedt ai ns a

ti mng advance val ue for the tar |l an i ur.ces for the
subsequent coﬁlerr%rl" G}Qﬂg éppluﬁse&ﬁélbsglilgtgr Shgﬁveg"]r]soéc}ég%gg%ow@[ ep 614 in which
t he UE tr ansmibsubatanist differsnites feom drst tettmiques of thisgapipliciiiBn as déscribed cur r ent

RNTI and 20 cg!l .I'D. The UE then waits for and acknow edges a response from
the target eN elr?{n'step 650. [00108] Referring to Fig. 6b, the target eNB
recei ves the request at step 615 and then proceeds to step 616 in which the
target eNB contacts the serving eNB in order to obtain the UE context. 25
[00109]In step 618, the target eNB transmts a reconnect response to the UE
wi th the new RNTI and uplink grant [00110] The above can be i npl enented on
any UE. Such UEs include, but are not limted to, personal digital
assistants, cellular tel ephones, wreless data devices, anong others. 30

[ 00111] The enbodi ments described herein are exanples of structures,



systens or methods having el ements corresponding to el enents of the

techni ques of this application. This witten description may enabl e those
skilled in the art to make and use enbodi ments having alternative el enents
that |ikewise 21 correspond to the elenents of the techniques of this
application. The intended scope of the techniques of this application thus
i ncl udes ot her structures, systens or nethods that do not differ fromthe
techni ques of this application as described herein, and further includes

ot her structures, systens or nethods with 5insubstantial differences from
the techniques of this application as described herein. 22 Cains: 1. A
nmet hod of di scontinuous reception (DRX) signaling in a |long-termevol ution
i nfrastructure between an evol ved node B (eNB) and user equiprment (UE), the
met hod conprising the steps of: provi ding a DRX value in a header of
a medi um access control protocol data unit (MAC-PDU); acknow edging the
MAC- PDU; and reconfiguring the DRX based on the provided DRX val ue after a
period of del ay; wherein the period of delay is limted by a first
threshold, said first threshold being configured to handl e possible
negati ve acknow edgnment (NACK) to acknow edgenent (ACK) m sinterpretations
and wherein the period of delay is |imted by:



a second threshold, the second threshold being set for the UE to wait for a
retransm ssion due to possible ACK to NACK or discontinuous transm:t

m sinterpretation; and a third 2Rreshold, the third threshol d being
set to aé&gmu;he UE to check the layer 1/layer 2 (L1/L2) signaling channel
for a hi Ebeed shared control channel indication that data is transmtted
on hi gh speed physical downlink shared channel wherein the period is set to

greater than the maxj of the first thr | d t.he second threshol d,
Sded totne (hitahPhoisgpainibys "ol B0 fofile e kPl REes
possi bl e ilfsSKuttareAbidwaes iant evopredt raddedd (eNB) end veereeldiproemtbyB) hiheehiBthod
provi di ng.a [])RI’X itndi 8atifon in multiple dowlink MAC-PDUs. 3. The nethod of
clai m 1, “RNBHEMS Q%Set %Sb%si ble NACK to ACK misinterpretation is recovered
from by checkipnayidihguar2RX qakkiit v hazdec ef & mddieh pctesaqonirolpratocbheataNBit 4.
The rrethglgl §f_ lﬁQ iim 1, wherein the possible NACK to ACK misinterpretation
IS recov é l:f’ on a Tinmng Advance (TA) Request message at the eNB. 5.
The met hod of ackmeowiedgindtrecdMACtPRUidndeshol d val ue is signaled by the radio

resource control. . 6. The od of claim. rein tthe DRX va i S
o oneed by EStfafng R S PRt e e Bilided HRR\BLIE AriF adenad Ot 60>
explicit signathengn thehperpdasf eletaynis limitednby aefirsicthrgsholsl| sajd ffiket tlaetemsid béing 23
checking that no.data,has been received within N | es ere N i,s an
e eaor ) chifur &' Hafal Fos B nbfaleratinbuiadomen HEAREY i Bl dhEddament
i ncr easi MYCKhmiddrpeatatienstanda pre- specified amount. 7. An evol ved node B

(eNB) operating in | ong-,t erm evol. ut i infrastructure, the eNB being
characteri zed r%%%pqr%p:o?d@ay 1S J"B\Il%qepﬁi ng a DRX value in a header of a

medi um access aceedondl thpsshibla dhe datond thresidihBdiidset fordthe UE to wait for a
reconfiguring DRX based on e af.ter a period of ti. erein the
bor o ofeAbapar fiie o Rl ACK b YAGHR R ukBinguBS b s mPmREliSbel ng
confi gur @eddt o handl e possi bl e negati ve acknow edgenent (NACK) to
acknow edgenent , ( A m,sinterpretati and erein t ossi bl CK to
Ak s nter pRchat Tiketad, B S8 BiStatBeRt set ARy w08 hack Fadarmis:
nmes Is age dflaydre (emmfz) siﬁnali‘hguﬁﬁhnacfﬂ& P ﬁ@h’;}spébJE)shﬂ@G ro@hirdﬁig:!*hgn%i imditgiohefan
evol utio LI in structure, . the. U bein aracteriz , ans for:
ooet vi ngeta Rnbaes a1 gh HesksepBieaEo RN A en b oS (P 685 Suat a
uni t ( MAGefPIdgraater than the maximum of the first threshold and the second threshold, added to

the third threshold.

2. The method of claim 1, wherein the possible NACK to ACK misinterpretation is
recovered from by the eNB providing a DRX indication in multiple downlink MAC-PDUs.

3. The method of claim 1, wherein the possible NACK to ACK misinterpretation is
recovered from by checking channel quality indicator (CQI) frequency at the eNB.

4. The method of claim 1, wherein the possible NACK to ACK misinterpretation is
recovered from on a Timing Advance (TA) Request message at the eNB.

5. The method of claim 1 wherein the threshold value is signaled by the radio
resource control.

6. The method of claim 1, wherein the DRX value is increased by both the UE and
the eNB in a predetermined manner without any explicit signaling, the predetermined

manner comprising the steps of:



acknow edgi ng the MAC-PDU; and reconfiguring DRX based on the DRX
value after a period of delay wherein the period of delay is [imted by a
first threshold, said first threshold B8ing configured to handl e possible

negati ve acknow edgenent t o _acknow edgene m si nterpretations
and wherein t h%ﬁ'eﬁg'gg Hﬁé}en‘%@\%g%%s gf?{‘ ﬁ‘?@"’r‘?ﬁe‘g'ﬁ?‘%%ﬂ%}‘gesﬁ eUre b ds ARom on
a Tim ng iAdkganaed ( TA) Request nessage at the eNB. 9. A me]t hod of

di sconti nuous feceptipn .Signali I, a long-term evo L,on

i nfrastructur e'F B%tqt%éaeﬁasa&eé@%ﬁ"(fa@g'”ﬁ%aryg%wesa TeRsN9 Hﬁuﬁ%ﬁc cle(ER, the
met hod comrprspscified aleurstt eps of : providing a DRX value in a header
of a nedium access control protocol data unit (MAC PDU); acknow edgi ng the

MAC- PDU; and reconfiguring the DRX based on the provided DRX value after a
period of7.del aAn evolved noudi® GINB)t dyseraterig 0a ddngeieaYeviofutibh Mhfk&trubliré ther St

negat 1 ve 2N Relte cbRbS X RRORE PSR know edgenent (AGK) i s\ nter pretat i ons
and wher ei n t heoyidiag isbDRXNADE ih@ Wédenvbh Meafiym ebaddsidntral profRBEdAS uhitom on
a Timng (%@Bﬁﬁ);(a-l;é) Request nessage at the eNB.
reconfiguring DRX based on the DRX value after a period of time wherein the

period of delay is limited by a first threshold, said first threshold being configured fo

handle possible negative acknowledgement (NACK) to acknowledgement (ACK)

misinterpretations and wherein the possible NACK to ACK misinterpretation is recovered

from on a Timing Advance (TA) Request message at the eNB.

8. A user equipment (UE) operating in a long-term evolution (LTE) infrastructure, the
UE being characterized by means for:

receiving a DRX value in a header of a medium access control protocol data unit
(MAC-PDU);

acknowledging the MAC-PDU; and

reconfiguring DRX based on the DRX value after a period of delay wherein the
period of delay is limited by a first threshold, said first threshold being configured to
handle possible negative acknowledgement (NACK) to acknowledgement (ACK)
misinterpretations and wherein the possible NACK to ACK misinterpretation is recovered
from on a Timing Advance (TA) Request message at the eNB.

9. A method of discontinuous reception (DRX) signaling in a long-term evolution
infrastructure between an evolved node B (eNB) and user equipment (UE), the method
comprising the steps of: '

providing a DRX value in a header of a medium access control protocol data unit
(MAC-PDU);

acknowledging the MAC-PDU; and

reconfiguring the DRX based on the provided DRX value after a period of delay;

wherein the period of delay is limited by a first threshold, said ﬁrst- threshold being.
configured to handle possible negative acknowledgment (NACK) to acknowledgement
(ACK) misinterpretations and wherein the possible NACK to ACK misinterpretation is
recovered from on a Timing Advance (TA) Request message at the eNB.



