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significant issues.
[0005] In an ACTIVE state however, various issues exist for turning off the
25 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
30 in the network can request DRX activation and reconfiguring the DRX period.
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more frequent neasurenent needs
and the eNB can either accept this value or reject |t 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 [0010] 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.
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[0015] The present disclosure may further provide a method of handling missed
handover opportunities based on discontinuous reception (DRX) in user
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.
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and if yes, connecting to the neighboring cell. [0016]
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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 to atarget 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
condition is triggered.
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12the §NB329. Bel ow RLC | ayer 142 is the medium access
somers) bR clald U FRULATaRE Ol LEsold®
communication protocol layer 146 As will be appreciated by those skilled in the
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.
[0024] 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 protocol
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
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
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[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 to 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
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ensure the UE and the eNB are synchroni zed regarding
when DRX is activated and deaqlvat ed. [0032] The
i ndi cation between the UE and the eNB can be explicit
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[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
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 layer to transmit the
data.

[0039] The process next proceeds to step 312 in which a check is made to see
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
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new data arrives at the eNB, the eNB can send a

MAC- PDU wi t h a header extensi set to DRX
deactivation or a shorter DRX 1ength depending on the
am)unt of data in the buffer or the quality of service
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tr = r yeeeds back to step 310
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¢ ndet 3 5868 IAF brocictviiorl 8 4BEGET R s MNP RBEL it Fhe
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51 i BaeRRAA AR HHORE A SRR Bae Jie doRsidRfnd BrobSgation
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pr@,@qj@xmfh@%éxpgﬁé&ﬁlﬁamm@ ei ther known to both eNB
and UE or pre-signaled to the UE fromthe eNB via
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si %Hl@h 'n\‘l;\% reh@ %%ﬁt R tclp F)]% ?%?tﬁghﬁg@\@ﬁ?ﬁqﬁe tReplisiPof 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
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.
[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.



nodi fi ed MAC-PDU header is sent to the UE [0042]

Reference is now nmade to Figure 3b. In step 318, the
wORosegRsyes the data and sees that DRX acti vapCDOAR®S/000009

specified in the MAC-PDU header. The process proceeds
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(ACK) to the eNB and starts the DRX at the system
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transmtted to the UE.
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 expect a
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 to 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



[0049] Referring to Figure 3b, the process then
proceeds to step 318 in which the MAC-PDU with

woasNsa header is received at the UE. The UBPCT/CA2008/000009
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[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
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



retransm ssion due to possible ACK to NACK
m sinterpretati on or possible ACK to DTX
worR@snsaspret ati on by the eNB. The waiting ti neCEoa08/000009
be limted by an upper threshold (THB). [0055] If the
UE is m ssing data as indicat elq on the L1/L2 signaling
channel, assumng the eNB will retransmt at the next
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pretations are ver

mode), no recovery mechanism exists. One solution is, in the HARQ, the receiver
sends a channel quality indicator (CQlI). In continuous reception, the channel
quality indicator is repeated every 100 milliseconds, for example. Based on the
CQl report, the transmitter decides and indicates a coding rate, modulation

25 scheme, and Transport Block size. During active DRX, the eNB may expect a
CQl, 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 occur.
[0063] Thus assuming that the CQI (channel quality indicator) reporting wil! be

aligned to the DRX length, the eNB will know if DRX activation is completed in the



unl i kely. DRX activation and NACK to ACK errors:
[0060] Simlarly, if the UE sends a NACK for a
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detetnansmaission fioamthe eNB and the eNB successfully received the ACK.

DRX deactivation and NACK to ACK errors:

[0066] In the case of DRX deactivation or DRX length reconfiguration, a NACK to
ACK misinterpretation results in the eNB deactivating the DRX before the UE,
which may result in the UE missing the new data transmissions. 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
when only one MAC-PDU is needed to transmit the new data which has arrived at
the eNB.



agai n occur. [0063] Thus assumi ng that the CQ
(channel quality indicator) reporting will be aligned
w0 2008/08348RX | ength, the eNB will know i f DRX aptT/C¢A2i(081000009

is conpleted in theUE by checking the frequency of CQ
reporting. If not conpleted, the eNB nmay use L1/L2
signaling or send only a MAC—F" header to correct the
DRX actlvatl on or reconfiguration. [0064] Another
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[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 data is not always available to piggyback a request for
DRX from the UE. In a preferred embodiment, L1/L2 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



m sinterpretations are very unlikely and that no DRX
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the eNB. DRX Automatic Incrementation [0067] A further
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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 in which 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.



used. The UE sends a DRX request nessage to the eNB
and the eNB replies with a DRX grant nessage. [0072]
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macro, micro or pico). These are all factors that can be considered in step 418 of
Figure 4b.

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
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
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optionally considers other factors as descri bed above.
Specifically, the UE may consi,der the nobility of the
UE or the signal strength of nei ghboring cells. [0080]
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[0091] On the UE, the UE acts on the RRC signaling and starts or stops the
shorter measurement cycles according to the measurement of channel 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
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 until it



macro, mcro or pico). These are all factors that can

be considered in step 418 of Figure 4b. NMEASUREMENT
WO\BOBIR#aY3 [ 0086] A third factor for DRX i n t hePCT/CA2008/000009

LTE- ACTI VE state is the possibility of m ssed handover

opportunities. Since the UE regeiver is turned off

during the DRX period t he nmeasurenent quality of

serving and nei ghboring cells is [ikel% degr aded

ConpPERs aTuuRpes SHTes Rk 840, 3 abishareintithe DRYCYslecansmeasiement

mayy d&agudiRalh 6 }ure handover or m ssed handover

opportu Ities, |ch shoul d be avoided to the maxi num

ext@ﬁ#] B@é&ralbiy ¢he ¢NB8IGnalsrthe fallewingdnfoerdation inHlee radidbearer set-

opHBPE I teBe RRRREE A e hdBT e, 20 oo ment the UE

5I s alel oARI§hepthresHDIEEdIgE uﬁd wwmmetom@ de.l ﬂTﬁlE h
DRX cyc e “gen necessary e .channe

qual ity Hé’a&@r'{)ﬂ'ﬁ@teééﬁgher ghqrﬁ\ggquat“%@ﬂdéortW% ﬁ@‘?'ﬁgth
val ug AA G thEs e v§|h§rLFseEfHW§HdFﬁéﬂl’ﬂﬁe DP@@&V oe BWér

shorter neasurenent cyc esto prepare
handov ethr&sbnl@h Vcanltmndllcatesﬂowanchsmmhtqualdy bad/ar Slghalestrength;

cont PnulliE et EEARR il bbkeriBl AR dine ower

10val ue BhrésheldbEIu‘ealn@o back to t he neasurenent cycle

equal to the DRX c W be appreciated b
oo S Movr G, sl thebach PR e canibige

repr esefbadifbhent &J&@Htﬁ.)als%é'ﬁ@"lﬁdlé’éﬁ td&ﬂﬁn%u‘é%%’a%u?é}ﬁ‘ént

triggers handover t a sufficiént [evel
accuracy i s obtained when required to eval uate

ggguégylefhéala lahd O ¥igu F&ﬂ§hﬂf§f%ﬁ%@;}\gﬂ¥%lch the channel auality or

rtuniti es can b reduced. I'n one e
15 of sighal powes ¢as indicateldds measunemnhmas)eg:mtbelow theviawer

o B RIRNP LR 2 R G Hneld e MRS Vg (v
t hmtlsmutwtlmloalilat;ah ;m thig d:u:s:mhial éherr:grgad rhteaax[egggt pegiod is
norisReRE BeBinanykaad Ehuteikas S PRY Jris soheiune fisasurement

neaﬁjms@@rgAgy,alaqgrB,and this can be signaled to the UE
VI a bro dcasé informati on or an RRC neasurenent
20 ¢ o[P0PR) Figuee; 8 geowsrAR expmplernwhichdbe channel avalibueresignal power

nghsgﬁ%%gg éﬁ Hﬁa&%ﬁkﬁf‘f’e‘éo%d‘eﬁ@eﬁw feYSwanhreshbR vakie (LTV)

and then goes above the higher threshold value (HTV) with uplink (UL) data. In
this case, the UE goes to a short measurement cycle if the channel quality is
below the lower threshold value more than a certain duration (time to trigger). If

25  there is uplink data, the UE starts 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 acknowledged, 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 certain duration (time to trigger).
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quality or signal power (as indicated in neasurenent
r e [RAYESY ygg%wglqgechgpqlwg grantapessage with the preferred DRX value of

20  zero or the 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 cell. 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.



t hreshol d value (LTV) and then goes above the higher
threshol d value (HTV) without uplink data. In this

W@ a®e/081be shortened neasurenent period is i nPPENEALE®E000009

between A and B, whereas the DRX cycle equals the
measur enent cycle before A anq after B. [0096] Figure
8 shows an exanpl e in which the channel quality or

bl o T BB
goﬁﬁlnﬂ%hi@sst Fer Etahse, %b@%‘ﬁbﬂd&rﬂ{gl’@Dﬁbﬁi@noWdf b 56 seconds a

upllnk (UL) data. In this case, UE goes to a short

nme¥SlF e@&b'ﬁtorle ipatest. {17 ordpefor H@rﬂﬁéwordmaﬁewnn sher¥POicalhgetup
| n
(PP SR, S TR SR £ R fccess, o

5 st calt setum TiheieNBatepligs @dbemt{esbbsemmg @ scheEdalimg grabt

re [ i [ request. The

< chalefife.§ o s SE R bl BRX VARG ke e pou
could indicate a request for a shorter DRX period. The

e t requ i ul i ng

or DETERRRON AN Al REIGE VRl ERZEIAGOVER . "Cne
cotdogiog] ndi C#i 6rdér B @fiigé BRIDRION il IUEE IATTIVE shft&ta standardized
downl i nk. MAC- P Wien the scheduling grant is

10 ; oEulevRRop e Wé teidasIminR MaNeeOoveORROKIHBIY isdpEsed is mesferable.

ehﬁseam @%ﬁoﬁ*é's%gsﬂéaetﬂé% a%mer@%ﬂéshsh%ﬂe?éde@u&?totAﬂen

shows t annel quality or sng power
i naelglabcmgmlln@tagruﬂwerrﬂmswp@pel ) Agjwidisbeadepreciatetibytileose

¢ hél&l?é?ﬂb ‘ihﬁgé‘#t ‘dEtﬂeO%Té‘ ufﬂ%&fr@étﬂred Uﬁlg'hle&vrbrf( Bhg&nﬁ&d%ﬁx

trigger Icates a
vapoeedures bpply @hd there age ne qleebased proaedutes émelade icelbfeselection

th -PDULE UL data is avail able. The eNB responds
S? ﬁ%ﬁ'@%@% by sending a scheduling grant nessage
WI [oo1@]pr ef & I‘r@pd@l’@ﬁredaémlﬁocﬁmdntathel dnﬂnﬁatq@myto@ trd Sr¥ing cell
t he autgmatlcqr%de or {he NB ch o’ indicate a
pr Ere3s188n prRRIGNRPTRY GRlt Y 2aHresha'talie fr fPba seriaip tigeduration T,

aufheIiE isCreTIFRI foltohRéecttealdiey thehelghBomMeyEeldh Rk itarket eNB. The
MAC- PDU. When the scheduling grant is received of the

do¥lve ﬁl@ﬂ%‘l&b’@!ﬁ? §lgaelﬁﬁ@wswgabbroa@ﬁa@mqrmaﬁ@@ er RBC signaling.

205K v ool el e s g

25

30

a L11L2 csmtrlél.t initiad 8eeRss Prooedyigcts tobtdive a dintingradvance value for
| ner ement, th @g?(felom Ilnﬂ-p&o‘ﬁfb%gﬁéﬁhgfsugée%ﬂ{eﬁt gog?ljé hal

a handover co ntrigger i's cas
i s graduamegsapegr adi ng until it proceeds bel ow a | ower

thr eihol dTrya?iHilxﬁ a reconnect request to the target eNB with the current RNTI
(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

4. The target eNB transmits a reconnect response to the UE with a new
RNTI and uplink grant.

[00103] An optional component includes a status message to be carried over
the reconnect request and response so that the amount of data transferred
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PR DoV R o B0 g St N 1P M Syt step 15

t h@d_fhEﬂA(meVEs trt step 616 inswhich dhaliarged eNB contacts the serving eNB
in order to obtain the UE context.

25 [00109] In step 618, the target eNB transmits 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



criterion for the UE to determne if a handover
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connection to a neighboring cell rather than the

serving cell. As will be appr??iated by those skilled

inthe art, in the LTE infrastructure, only netmork

based handover procedures apply and there are no
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subsequent control nessages; 2. Transmt a reconnect
request to the target eNB with the current RNTI (radio
network tenporary 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 al so connects itself to
the access gateway and renoves the serving eNB from
the aGN and 4. The target eNB transmts a reconnect
response to the UE with a new RNTI and uplink grant.
[00103] An optional conponent includes a status
message to be carried over the reconnect request and
response so that the anount of data transferredbetween
the target and serving eNB and between the target and
serving eNB and the air interface with the UE can be
m nimzed. [00104] Optim zations include the reconnect
request in step 2 above to be sent with a status
report showi ng the PDCP (packet data convergence
protocol) SDU (service data unit) sequence nunbers
whi ch the UE has received
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to obtain the UE context. [00109] In Step 6 18, the

t abyatredp® transnits a reconnect response to the UE

with the new RNTI and uplink grant. [00110] The above
can be inplenented on any UE. Such UEs include, but

ar 8 notTHe methed of olainp@mdenein thk perical of desdalawistliited by a first

15 or i, SR W et b R RR0A MR A BosIR Réeatve
ex atiroddedgenmeht (NACK)es ackrystledgenoent fRCKp nhdsititanprétgtions.

el ements corresponding to el enents of the techni ques
of this application. This witten description may

enapl e TrHronethaliiof tiaiind 2 of Bvhatdin tre paea e ¢EI&y is limited by a
enbodi ments having alternative el enents that

| i RR&ANEdbrsrheld 1Be gesand: theeshold sifdssed forthe UELe nyaitfaea
20 Of rdtih8mRARRh et PBssiBIBACKHAWAEK or discontinuous transmit

misinterpretation.

5. The method of claim 1, further comprising recovering from a possible
negative acknowledgement (NACK) to acknowledgement (ACK) misinterpretation
25 by the eNB providing a DRX indication in multiple downlink MAC-PDUs.

6. The method of claim 1, further comprising recovering from a possible
negative acknowledgement (NACK) to acknowledgement (ACK) misinterpretation
by checking channel quality indicator (CQI) frequency at the eNB.

30
7. The method of claim 1, further comprising recovering from a possible
negative acknowledgement (NACK) to acknowledgement (ACK) misinterpretation
upon receipt of a Timing Advance (TA) Request message at the eNB.



scope of the techniques of this application thus

i ncl udes other structures, systens or nethods that do
wmoaosasfber fromthe techni ques of this appli cetT/OA2@8/000009

descri bed herein, and further includes other

structures, systens or nethodz wi th insubstantia

differences fromthe techniqu g of this application as

descri bed herein.Clains: 1. A nethod of DRX signaling

in along-termevolution infrastructure between an

evgl vedrHaofetnBd ceBiR) oRd8f disifis U WREHRIN tﬁb’%)eno@ Bf?the delay is
nmet hod conpri si ng e steps of providing DRX v

| n"raltﬁrﬁbta\d@lthl@fth%esh@lél Ufmtbltd:té%%sf@mq*@ﬂ S?irtéta&% ItthHEéO check
ol Bl TR LT BB Aeaholtel el sbe e wag s

5t hehamnet/ nrumanmﬁemm aj!ataeis transmittied onﬂugtospe_@h phiysicah downlink
ghreadcéah ctivating of the DRX step is delayed by a

he nmet hod of claim 2 wherein the period
of the delay is Iimted by a first threshold, said

st thresh i ng._.co ed to, handl e pos bI
neéat i v 5?1‘88,4 g '@@?ﬂgn‘f"ﬂ ﬁ&é&f p?BOdaeatHG\ﬂF?éfd%ﬁ@
(ACK) m si nt@r e ﬁ%o@%ald"irstm@smﬂ B@ﬁg%ﬁnﬁé@é&% ﬂar@ﬂe
3 wherein the period of the del amllmte

10second R%F'@kerﬂﬁgﬂitw? H@‘@WWF toRekpyv |§@@erﬂ@"ﬁ (ACK)

the UE hRin \f@g}et; Rhs@ retransm ssion due to possible
ACK t C}I sconti nuous transmit
m si nt er pr eteciecond treeshpitk theeseeond direshald heing setfior therUE to

conpr i
okPe W%Aéé(]gfghg‘rﬁ?ﬁ’%kg%&{ Q8 %ﬁ%é.%l d&éK?@ﬂi&iAéc’f%duscontmuous
m si nt drgnsetitahisimterpretatioe; adB pr ovi di ng a DRX
i ndication i tipl ownl i, nk ~-PDUs. 6. The
15 nmet hod of clagpﬁbre%ﬁ’ ﬂ%%gg%ﬁ%\@?ﬁgemgésg@ﬁ-ﬁﬂg tP‘? Hl% to
a Eos\?\j dhleek ﬂ'%gatIér\geélim_ @_Mlﬂqig@ﬁaﬁm cﬁH&ﬁﬁtﬂ)fct ﬁhiglr(m_speed
ackno sj. nt.e 0 checkin
Channel AL Sanyol fnast i cgtien Shef Helg e Aayeraiion kb Niespeed
physical downlink shared channel
wherein the period is set to greater than the maximum of the first threshold and
20 the second threshold, added to the third threshold value.

10.  The method of claim 9 wherein the threshold value is signaled by the radio

resource control.

25 11.  The method of any one of claims 1 to 10, 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:

checking that no data has been received within N DRX cycles, where N is
an integer; and

30 if no data has been received in the N DRX cycles, increasing the DRX

cycle by a pre-specified amount.



7. The method of claim1, further conprising
recovering froma possible negative acknow edgenent

W@ bagME346D acknowl edgenent (ACK) mi sinter pret apCDOARNYPSN00009
recei pt of a Timng Advance (TA) Request nessage at
the eNB. 8. The net hod of any gge of clains 2 to 7
wherein the period of the delay is |[imted by a third
threshold, the third threshold bein et to allow the
UE'40 hBEEIQdRS "?angl?ﬂ’%l%ﬁ'm?'ewi%ﬁsﬁf)c@f%%{ﬁ“ﬁ@m improve

chgy lifeQr fér Sdriing BERIE chBRCRHSERNbRprovBaP&em response time
indication that data is transmtted on hi ﬁh fgeed

phfsisearadBmant (WE) saameunicatng with angevoived teNR) comprising

cl ai erein the period of the delay is Iimted
by‘?fﬁlea@t%fsr%ivjt1 threshol d, said first threshold being

5 conf i guegaestiog Haomdithe dbsa distentmegas receptark{iRX)drhgedwent
( NA 0. acknow edgement . (AGKY m sinterpretations; a
seaﬁ%aﬁ%%ﬁ%gﬁraqEQS@é@g%%’r eshol d being set for
t he UE receiviag thd equestifoin thedi asthereNBj@antio possi bl e
ACK to NACK or discontinyous . transmt =
m si nt &BAEGafEYRfAlG " SH?W‘?PP‘{F ReTI09qi Spigctinghe repyegt at the
t hegghol d being set to allow the UE to check the |ayer
1/l ayer 2 (L1/L2) signaling channel for a high speed

10 shared control channel indication that data is
trafnsm i i VS ' -
5o et e A N eplrSpReRg e
magNBuanpeefererbvdliie with aniinstication ifawtoroatic QBX dmement/decrement

;g[sﬁai@%%&incfég?%ttg tttlg]BEtrQH]e%tt hreshol d val ue. 10. The

wher ein € threshold value is
signal ed by the radio resource control. 11. The nethod
i ) in.th . val [
15 ?];13 .2}; s I erﬂg{hE;gltoﬁ 'clgsm Jf%téﬁl)%%gmttﬁg ?eréﬁllggﬁuig gie%lca?esuae req%est
pr fofl ah éridre aeecoriieoreake Of b ltonentaDRX @spdd.ci t  si gnal i ng,
the predeterm ned manner conprising the steps of:
checki ng that no data has been received within N DRX

cy¢h.es, THERER Ol of Blafh 1Q,%I?&@Fnith@%hdeéti@stgﬁirﬂid&?és PERLe of
received in the N DRX cycles, increasing the DRX
uplink access.
20
16.  The method of claim 12, wherein the requesting step specifies a value for

the DRX.

17.  The method of claim 16, wherein the value is set by the UE based on the
25 application level traffic characteristics.

18.  The method of claim 17, wherein the UE further sets the value based on
one or more of whether it knows it is located close to a cell edge, whether the UE
knows it is highly mobile and whether the UE has missed a handover.

30
19.  The method of claim 18, wherein the mobile knows it is highly mobile
based on one or more of: positioning measurements for mobility status, use of an
accelerometer for mobility status, and based on L1 measurement filtering.



cycle by a pre-specified anmount.12. A nethod of
| everagi ng application level traffic characteristics
W eoosogases/e battery |ife or for signaling trafPCT/CA2008/000009
characteristics to inprove systemresponse tine of
user equi pment (UE) communi catZ?ng wi th an evol ved Node
B (eNB) conprising the steps 0 requesting, fromthe
UE, a discontinuous reception (DRX) based on
application traffic characteristics of the UE

reg®i ViThe rhétBod easamt 12 neeréinend ENBlrejebte tﬁé\lﬁequeetdfrom the UE
gr anting, negotiating an alternative perio

chasedigngpnens merg e dinosedgrat N that muﬁqﬁ hlgalyd’ﬁoblle
cl @dwléd%;efé{rtﬁ@ NB4RAIhE BENY dd 181aaRINugBPa Kititgethat the

NB,” a preferre va ue wth an I ndi
5 auUErmSlnaJSW handoyaent / decrement is allowed in

response to the UE request. 14. The nethod of claim

12, wherein the requesting step indicates a request

f 021 an Tiheanethee obclaite ¢2 easrintheeeNBIsuggastsRR¥hgrtar iDRK value in
The net od of claim 12, wherein the requesting

st@ﬁgir?m s a cause of uplink access. 16. The

mst hod of claim 12, wherein the requesting step

ECIfIES a val ue for the DRX. 17. The nethod of claim
10 1 622. w1t BRENOdHRY inpreNed; eagiyerpentiacsuraey gueraidiseertinuous

aplrébéﬁtﬂin' QfR)i)%YﬁJseF éé’unfn‘n@nﬁh@) @sﬁqghs.ﬁg kHeSstepSof -The

met hod of claiml wher ei n further sets the
vaI ue w@géﬁnsbwh@ﬁ@r érChﬁfﬁﬁeé qua"tmte@ pervingtcell irohawer thana first

ﬂé ﬁ|d§fbﬁ§§r%d§ d|t| @no giher the UE knows it

r the UE has m ssed a
handov efryes:tgnortammgrtbe mmsolfemﬂrmbynla_& havesa sharter hneeasurement

15 m@cieethg{??ﬁ’gthS( dp(élgh' ghly nobile based on one or nore

positi oning Surenments for nobility status, use
of an accel erorreter for nobility status, and based on

ilterin 20 The thod of c
e i TEHBSERE of BRbb 24 HHRZSn din St e AosL SR RS e
ONDRRE&y6le di dmdaij whersireN geaintédee. eNB that the UE is
hi ghly nobile, knowl edge at the eNB that the UE is

close to a cell edge; and know edge that the
20 24. The method of claim 22, wherein the method further comprises the step of:

monitoring whether the channel quality of the serving cell increases to
greater than a second threshold for a predetermined time period, the second
threshold being greater than the first threshold; and

if yes, setting the measurement cycle to be the same as the DRX cycle.

25

25.  The method of claim 22 wherein the method further comprises the step of
monitoring whether the channel quality of a serving cell falls below a third
threshold, and if yes, initiating a handover procedure.

30 26. A method of handling missed handover opportunities based on
discontinuous reception (DRX) in user equipment (UE) comprising the steps of:



UE has m ssed a handover. 21. The nethod of claim 12
wherein the eNB suggests a shorter DRX value in the

wWQ@r@snsng step. 22. A nmethod for inproved neasPCEOBRZI08/000009
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accuracy during discontinuous reception (DRX) on user

equi pnent (UE) conpri sing thezgteps of : checking

whet her a channel quality of & serving cell is |ower

than a first threshold for a predeternined tine .

por 1 o chgring whser S.chapidl il BY o eRad bl ofpeaving cel
t Ojshé@asethan HeoHaRhe MR RS HIRI sighdPsteerighner 4 ﬁ@%mﬁng cell by a

cycle. 23. The nethod of claim 22, wherein the shorter
melgerMOlfeYRluRipE Roertaintiee dyertioni@e di vi ded by N,
wher ei N¢ *\lﬁl, Softcli E-neﬁbofﬁﬁ?céﬁi‘t hod of claim 22,

e C

wher ei n met ho urthe onprises the step of:

nmoni toring whether the channel quality of the serving

S R P 2 Sheld e BEERG Y Bl i
besignalgd baesystehabrobteast or by radiv esboicd coatnal signajieg,

setting the neasurenent cycle to be the sane as the
DRX cycle. 25. The nmethod of claim22 wherein the

nmep§od THY mbod @ Blalnh 26 JurtHee c6inBRsifg tHEDEpPSR NY
whet her the channel qualjty of a serving cell falls

bel ow LR#NING 2 WY F@ngnigsion figing adyanceva uga!fgrtthﬁge@hbonng cell
ABHPUBIKIEIS A fr sdftealorRohfsl ffsdagpdl i ng m ssed

handover opportunities based on di scontinuous

r ecept i tANS(BINY airecansect raggragadd 8 tArge) evobiedrriosie (e of the
t : I: i .

2| B RS SRS AL A8 AR bo e and oo

c hwentifier infaimatipnand/ or si gnal strength of a

[P Kot orf heftatdhi RBOIE Seig o8 RisPtd Sbtdin the UE
nﬁb@hﬁxtrainﬁgilowlnhﬁ d&3 .ne@hs’;]mm hankfated; laad m I26dv\/ner ein

the threshnol. V ue. an e tine re Sl gha §

e e EeRng oy RSN, K stp kst feseopgn e UEwih anew

ST i) hatgorkABmpBhsy TERhliRs 2pt Rk GiaAB f ur t her

conprising the steps of: obtaining a UE transm ssion
ti mng advance value for the nei ghboring cell

29. The method of claim 28 wherein the transmission of the reconnect request
is sent with a status report showing packet data convergence protocol service
data unit sequence numbers that the UE has successfully received.

30. The method of claim 28, wherein the transmission of the reconnect
response includes packet data convergence protocol service data unit sequence

numbers that the serving eNB successfully received.

31.  The method of claim 28, wherein the target eNB can activate DRX if no
data is to be transferred.

32.  Anevolved node B (eNB) operating in a long-term evolution infrastructure,
the ENB being characterized by means for:



and uplink resources for subsequent control nessages;

transmtting a reconnect nessage to a target evol ved
wooae/ 0846 NB) of the neighboring cell w th curP@&mCA2008/000009

radi o network tenporary identifier (RNTI) and cel

identifier information; contagglng, fromthe target

eNB, the serving eNB in order “to obtain the UE cont ext

and downl ink data needs to be transferred; and

t r ansmiPreVigigg afdRYvalve inaBeadenal agneriem aceessurrawrol protocol
di o network tenporary identifier
aﬁ%ﬂﬁgP?ﬂﬂﬂgﬁgg?wégg The nmet hod of claim 28 wherein
t he tr activatingios neattivatieg PEXdrased onitee DESt valye.sent with
a status report showi ng packet data convergence
protocol service data unit sequence nunbers that the
5 UB3das Asuweaafmidny WECepevatihg i3@.londermmevbtion L TdE)ai m

ssion of the re onnect response
DRt a he e AARS ThaecRlesty) BRaRS T vor vi o dar o
uni t Sﬁ‘éééi’\ﬂﬁ@ ameélﬁeﬁmﬂheh@éf oﬁ@ﬁﬁédﬁ@n%ﬂ@ess control protocol
successful | received. 3 1. The method of cl ai m 28,
wH@ﬂéNﬁ“(Méx%%Pﬁbt eNB can activate DRX if no data is
to be tfRRGIBEG ﬁgthéﬁACAﬁDSV?ﬁd/ed node B (eNB)

operating I1n a ng-termevolution infrastructure, the
10 ENB beuao;gvaﬂmerd@@ctwatlzgmrtigccrm@nmq BRXhased enrie BRXvalue.
value in a header of a medi um access control protoco
data unit (MAC-PDU); and activating or deactivating
DRX based on the DRX value. 33. A user equipnent (UE)
operating in a long-termevolution (LTE)
infrastructure, the UE being characterized by neans
for: receiving a DRX value in a header of a nmedi um
access control protocol data unit (MAC PDU)
acknow edgi ng the MAC-PDU;, and activating
deactivating, or reconfiguring DRX based on the DRX
val ue.



