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(57) Abrégée/Abstract:
Embodiments of an intra-QCI| scheduler and method for assisted intra-QCI scheduling are generally described herein for operating
within a wireless access network in which data flows are mapped to bearers using quality-of-service (QoS) class identifiers (QCIs).
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(57) Abrege(suite)/Abstract(continued):
In some embodiments, the intra-QCI| scheduler may classify packets of one or more data flows having a same QCI| with a sub-QCiI

based on intra-QCI classification information received from user equipment (UE). The sub-QCI| may indicate a scheduling priority
for packets of data flows having the same QCI. The intra-QCI| scheduler may schedule packets for downlink transmission over a
radio bearer between the eNodeB and the UE based on the sub-QCI. The use of sub-QCls allows the eNodeB to provide QoS
support for data flows of applications that have been mapped to a default bearer.
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(57) Abstract: Embodiments of an intra-QCI
scheduler and method for assisted mtra-QCI
scheduling are generally described herein for
operating within a wireless access network 1n
which data flows are mapped to bearers using
quality-of-service (QoS) class 1dentifiers
(QClIs). In some embodiments, the intra-QCI
scheduler may classity packets of one or more
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data flows having a same QCI with a sub-QCI
based on intra-QCI classification information
received from user equipment (UE). The sub-
QCI may imdicate a scheduling priority for
packets of data tlows having the same QCI. The
intra-QCI scheduler may schedule packets for
downlink transmission over a radio bearer
between the eNodeB and the UE based on the
sub-QCI. The use of sub-QCIs allows the eN-
odeB to provide QoS support for data flows of
applications that have been mapped to a default
bearer.
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PRIOGRITY CLAIM

LY This apphication clamms the beneiit of priority to ULS. Patent

Application Serial No. 13/600,675, filed on August 31, 2012, which claims the
i3  benefit of priority to ULS. Provisional Patent Application Serial No. 61/612, 18§,

filed on March 16, 2012, all of which are wncorporated heremn by reference

their entiretices.

TECHNICAL FIELD
15
{382 Ermvbodiments pertain to wireless communications. Some
cmbodiments relate to packet scheduling i wireless access networks imcluding
3GPP Universal Terrestnial Radio Access Network (UTRAN) Long-Term-
Evolution (L TE) networks (E-UTRAN). Some cmbodiments relate to the

20 Evolved Packet Core (EPC) of an L'TE network,

BACKGROUND

LULIRY in some conventional packet-based wircless access networks, data

25 flows may be asseciated with a particular quality-ot-service {{JoS) class or level.
(oS levels allow for different priority levels to be assigned to diffcrent
appiications, users, or data flows, or to guarantee a certan evel of performance
to a data flow. Packet scheduhing 15 based on the particular QoS level of the data
tHow. With the proliferation of portable internet devices such as smartphones,

30 tablets and notebook devices, packets of various applications are delivered over-
the~-top (OTT) using a defanlt bearer. The applications are transparent to the EPC

malking 1t difficult to support JoS level requirements for these applications.
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{3004} Thus, there arc general needs for systems and methods that
provide maproved (JoS support tor applications and particularly for apphications

that arc transparent in the EPC.

BRIEF DESCRIPTION OF THE DRAWINGS

LEHERY: Fi(y. 1 tllustrate clements of a wireless access network, n
accordance with some ermbodiments;

G061 FIG, 2 llustrates various bearers, i accordance with some
embodiments;

{BUD7] F1(, 3A ddlustrates QoS class wdentihiers {((QCIs), 10 accordance
with some embodiments:

| BOOS] FIG. 3B dlustrates an example of sub-QCI characteristics, m
accordance with some embodiments:

{BOOY] Fi(G. 30 ilustrates packet size based intra-QCT classification, n
accordance with some embodiments; and

(G610} FiG. 4 illustrates an intra-QCT scheduling protocol, in accordance

with some embodiments.

DETAILED DESCRIPTION

{3011 The tollowing description and the drawings suthiciently llustrate
specitic embodiments to enable those skilled i the art to practice them, Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and teatures of some embodiments may be mnchuded n, or
substituted tor, those of other embodiments. Embodiments set forth i the claims
cuconypass all available equuvalents of those claums,

{GG12] Fi(s. | illustrates elements of a wireless access network, in
accordance with some embodiments. Wireless access network 100 may mclude
user equipment {LUE} 102 and enhanced node B {eNodeB)} 104, which
comnmumcate wirelessly over one or more wireless communication channels
103, In wireless access network 100, data flows may be mapped to bearers using

QoS class wdentificrs {(QCls).

N2
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{3013 The eNodeB 104 may mnclude a medium-acceess control {MAC)
layer 136 that mcludes a MAC fayer scheduler. The eNodeB 104 may also
inciude physical (PHY ) layer circuttry 154, The UE 102 may mmclude MAC layer
126 that includes a MAC layer scheduler, as well as PHY layer circuntry 124,
{3314} {n accordance with embodiments, the MAL layer scheduler of the
eNodeB 134 may mclude an mitra-QCI scheduler 150 1o classity packets of one
or more data flows having a same QCI and associated with a same UE 102 with
a sub-QCT based on mtra~-QCT classification intormation received from the UE
102, In these embodiments, the sub-{JCT may wndicate a scheduling priority for
packets of data flows having the same QCI. The mira-(C1 scheduler 150 may
schedule packets for downhink fransmussion over a radio bearer between the
cNadeB 134 and the UE 102 based on the sub-QC1. These embodiments are
described in more detai below.

{G15] {n these emboduments, packets ot different data tlows that may
have the same QCI may be assigned ditferent sub-QCIs. Furthermore, packets of
the same data tlow (having the same Q1) may also be turther classitied with
different sub-QCIs. In these embodiments, a packet of a data flow having a
certain (JCT that has been classificd with a sub-QCIH indicating higher scheduling
priority may be scheduled before a packet of a data flow with the same QCT but
having sub-QCT mmdicating lower scheduling priority. In these erobodiments,
performing intra-QC1 scheduling may include the classification of packets with
sub~(3CIs based on mtra-{JCI classitication imformation provided by the Uk 102
and the scheduling of packets for downhink transmission based on the assigned
sub-QC1s.

(381 6] in these embodiments, since it 18 the UE 102 that 18 providing the
intra-QCI classification mformation to the eNodeB 104, 1t 1s the UE 102 that can
decide, for example, how packets of the different applications or data tlows are
prioritized at the eNodeB 104, Accordmmgly, UE-assisted mntra-QC1 downlink
scheduling may be pertormed. These embodiments are described i roore detail
below. In other embodiments, eNodeB-assisted mtra-QCT uplink scheduling may
be performed. These embodiments are also described n more detarl below.
{6171 {n some embodiments, the data flows may be mapped to bearers

using the QCIs to provide end-to-end Qod support via an cvolved packet system

3
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(EPS) bearer. In some embodiments, the characteristics of QCIs may be in
accordance with 3GPP Technical Specitication (T5) 23.203, although this 18 not
a requirement.

{G18] in accordance with embodiments, the MAC layer scheduler of the
cNodeB 104 may also mclude an iter-QCT scheduler 152, The mter-QCH
scheduler 152 may allocate bandwidth grants for scheduling packets for
transmission over the radio bearer based on the QI of the packet’s data tlow.
After the allocation by the mter-QCT scheduler 152, the mitra-QC1 scheduler 1350
raay schedule packets of the QI for which a grant was allocated for
transmission over the radio bearer 203 based on the sub-QClLL

{01 Y] Accordingly, packets associated with data tHlows of the same QCI
may be prioritized for downlink transmission based on their sub-QClL In some
cmbodiments, the intra-(JCI scheduler 130 and the mter-(QCI scheduler 152 may
operate as part of a MAC layer scheduler, such as an L'TE network scheduler. In
these embodiments, cach QoS class may be mapped to onc of the QCIs {(1.¢.,
cach data flow may be assocrated with a single QoS class} as tlustrated m FIG.
38,

{B020] in some embodiments, the PHY layer circuitry 154 may be
configured to communicate wirciessly with the UE 102, mcluding being
configured to recerve the imtra-QCI classification information trom the UE 102
as well as transmit the scheduled packets to the UE 102

{0211 in these emboduments, wireless access network 130 may provide
an ali-1P core network with open miertaces and may be referred to as an EPC.
The EPC may provide higher throughput, lower latency, simmplificd mobility
between 3GPP and non-3GPP networks, enhanced service control and
provisioning, and efficient use of network resources.

{33221 in some embodiments, the ntra-(3CE scheduler 150 may schedule
packets based on the sub-QCT under predetermined network conditions and may
refram tromn using the sub~-QCT when the predetermined network conditions do
not exist. In these embodiments, the intra-QCT scheduler 150 may usc the sub-
QT to schedule packets only under certaim network conditions {e.g., condifions
that may cause packet delay, such as congestion, interterence and increased

packet-crror-rate (PER), channcl unrehability, etc.), although the scope of the
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embodiments 18 not iimiiting n this respect. When those certain network
conditions do not exist, the mira-QC1 scheduler 150 (or the wter-(QJCT scheduler
1523 may schedule packets for transmission based on the QCIL When those
certain network conditions do not exist, the wmitra-QCI scheduler 150 ynay refram
trom using sub-CIs to schedule packets.

{0231 in some embodiments, the UE 102 and the eNodeB 104 may be
configured to communicate i accordance with an orthogonal frequency division
multiple access (OFDMA)} techmque. The OFDMA techmigue may be cither a
trequency domain duplexing (FDID technigue that uses difterent uplink and
downlink spectrum or a time-domain duplexing (TDD) techmique that uses the
same spectrurn for uphnk and downlink.

{GG24] Fi(. 2 illustrates various bearers, i accordance with some
cmbodiments. In these embodiments, data tlows are mapped to bearers 200 using
QCIs. In accordance with embodiments, the mtra-QCH scheduler 158 (FIG. 1)
may schedule packets for downhink {ransmission over the radio bearer 203 (1.e.,
between the eNodeB 104 and the UK 102} based on the sub-((C1.

{GG25] As ittlustrated m FIG. 2, an E-UTRAN radio-access bearer (E-
RAB) 207 may transport the packets of an EPS bearer 211 between the UE 102
and the EPC. When an E-RAB 2(7 exists, there may be a one-to-one mapping
between the E-RAB 207 and the EPS bearer 289, The data radio bearer 203 may
transport the packets of an EPS bearer 211 between a UE 102 and an eNodeB
104. When a data radio bearer exists, there may be a one~-{o-0ne mapping
between the data radio bearer and the EPS bearer or E-RAB. The S1 bearer 2835
may transport the packets of an E-RAB 207 between an eNodeB 104 and a
serving gateway {(5-0GW) 136, An 85/58 bearer 209 may transport the packets of
an EPS bearer 211 between the S-GW 106 and a packet data network (PN
cateway {(P-GW) 10K,

3626} The UE 102 may storc a mapping between an uphink packet filter
and a data radio bearer to create the bindimg between a data How and a data radio
bearer i the uplink. An uphink traffic-tlow tempiate (TFT) in the UE may bind a
data flow to an EPS bearer in the uphink dwrection. Multiple data fiows may be
mtiplexed onto the same EPS bearer. A downlink THT in the PDBN GW may

bind a data flow to an EPS bearer in the downhink direction. Multipic data flows

.':"
T’
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can be multiplexed onto the same EPS bearer by mcluding multiple downlink
packet filters n the downlink TEFT. The P-GW 108 may store a mapping
between a downlink packet filter and an S5/58 bearer 209 to create the binding
between a data flow and an 85/58a bearer m the downlink.

{36271 The eNodeB 104 may store a one-to-one mapping between the
data radio bearer 203 and the S1 bearer 205 to create the binding between a data
radio bearer and an N1 bearer in both the uphink and dowanlink. The 5-GW 106
rmay store a one-to-one mapping between the 51 bearer 205 and the 55/5€ bearer
209 to create the bimnding between an S1 bearer and an 85/588 bearer in both the
uplink and downliink,

U238 FIG. 3A dlustrates QClIs, m accordance with some ernbodiments,
in these embodiments, data flows are mapped to bearcrs 200 {(FI1G. 2 using QCIs
302. For cach QC1, a resource type {either guaranteed bit rate (GBR) or non-
GBRY, priority, packet delay budget, packet error loss rate and example services
are 1ilustrated.

{329} in accordance with embodiments, the mter-Q3CH scheduler 152
(F1G. 1) 1s to allocate bandwidth grants for scheduling packets for transmission
over the radio bearer 203 based on the QU1 302 of the packet’s data tlow. After
the allocation by the mter-QCT scheduler 152, the mntra-QCT scheduler 150 (FIG.
1} 18 to schedule packets for which a grant was allocated tor transrmssion over
the radio bearer 203 based on the sub-QC1s. Unlike the mter-QT scheduler 152,
the mitra~-3CT scheduler 132 may operate only on the radio bearer 203 (F1(G. 2}
rather than any other bearers. Theretore, no modifications or additional signal
may be needed from the EPC,

LHIRTIY In some embodiments, the intra-Q{1 classification information
provided by the UE 102 mcludes the sub-QCIs associated with one or more of
intra~-flow classification 1mformation and mnter-tlow classification mformation.
The mter-tiow classification mformation may mclude one or more of IP header
ficlds 1ncluding source addresses, destination addresses, source ports, destination
ports, and protocol types {€.g., a user-datagram protocol (UDP) or a transmission
control protocol (TCP}). The mntra-{low classification information yoay melude
one or more of packet s1ze or pavipad information. In these embodiments, the

inter-flow classification mformation may be used for classifving packets of

6
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ditferent flows having a same QU1. The intra-flow classification information
may be used for classifyimg packets of the same data flow. These embodiments
aliow the UE 102 to assign the appropriate sub-QC]1 basced on the application.
For exaraple, the mntra~-QC] classification mformation may miorm the eNodeB3
104 that a downlink packet with an IP destination port = 7538 and a packet size
< 200 B should be classified and scheduled using sub-QCT = 2 (high priority),
and ail other packets should be classified and scheduled using sub-(QCI= 1.
(G031] in some ecmbodiments, the UE 102 may provide the sub-QCIs and
the mter-tlow classification imformation (o the ¢NodeB 104 when would hike the
eNodeB 104 to perform inter-tlow classification. In some cmbodiments, the UE
102 may provide the sub-QCIs and the intra-flow classification 1nformation
when would like the eNodeB 184 to perform intra-fiow classification. In some
cmbodiments, the UE 102 may provide the sub-QCIs and both the mtra-tlow
classification information and the mter-flow classification information to the
eNodeB 104 when would hike the eNodeB 104 to perform both mier-flow
classification and mntra-flow classification. In some embodiments, the mira-flow
classification bits may be used to mdicate whether the packet 1s an audio, a
video, a video and audio, or an unknown packet type.

{G332] in some embodiments, the intra-QCT scheduler 130 may classily
packets of different data flows having the sarae QCI usmg the wtra~-QCH
classification miormation. Packets of a first data flow are classified with a first
sub~3CT (1.e., sub-QCI=1), and packels of a second data Hlow are classified with
a second sub-QCI {1.¢., sub-QU=2). When the first data tlow has (JoS related
parameters including onc of a greater packet delay budget and a greater packet
error 10ss rate than the QoS related parameters of the second data flow, the first
sub-QC1 has a lower priority than the second sub-QC. Accordingly, through the
use of difterent sub-(}Is, packets of different data flows that have the same QU1
may be treated differently, for example, when there 18 network congestion. In
these embodiments, ditterent data tlows having the same QCI may be assigned
diffcrent sub-{3{1s.

36331 FIG, 3B dlustrates an exampie of sub-QUI characteristics,
accordance with some embodiments. In this example, two sub-QCIs (sub~-Q3C =1

and sub-QCI=2) may be used for a default bearer (QCI=9). In some
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embodiments, the default bearer may be used for non-privileged subscribers.,
Subscribers with privileges (ncluding premuurn subscribers) may be able to
uttlize higher priority QCIs {(1.e., QCls 1 through 8}. For data flows of the defauit
bearer having a predetermimed QCI {QCI=9), the wntra-(QCT scheduler 130 (FIG.
t} may classity packets of data tlows having the predetermined QCT and
associated with at least some non-real-time applications with the frst sub-QCl
{1.¢., sub-Q{1=1), and may classily packets of data {flows having the
predetermined QCT and associated with at least some real-time applications with
the second sub-QCT (e, sub-QUI=2}). The mnira-QC] scheduler 150 may give
scheduling priority to packets classificd with the second sub-{Q3C1 over packets
classified with the first sub-QCL

{(334] in these cmbodiments, the first sub-(3CI may have at lcast one of
a lower priority, a greater packet delay budget, and a greater packet error loss
rate than the second sub-QCL An example of this flow-based classification using
sub-QCTs 15 1tHustrated in the table of FIG. 3B, In some embodiments, the intra-
(ICT scheduler 130 15 to give scheduling priority to packets classified with the
second sub~-QCT over packets classificd with the first sub-QCT only when certain
network conditions exist, such as network congestion, although the scope of the
embodiments 1s not limited in this respect.

[B035] in some embodiments, packets of the data Hows are delivered
1T using the default bearer. In these cmbodiments, the mitra-QC] classification
information provided by the UE 102 may wndicate to the wtra~-(QCT scheduler 130
how to classity ditferent data tlows of the detault bearer with the sub-{3(
These embodiments provide (oS support for data flows of applications that have
been mapped to a detault bearer {e.g., QCIEY). Exampies of such applications
include applications that may be running on g portable mtermnet device such as a
smartphone, tablet or ultrabook for use over the network. Data packets generated
by these applications may be delivered OTT {1.¢., using the defauit bearer) since
the (JoS requirements may not be known (0 the network or the mobile operators
{c.z., sometimes due o encryption). Embodiments allow real-time apphications,
such as Skype, FaceTime, GoogleTalk and voice-over-internet protocol {VolP)
with different QoS requirements in terms of delay and throughput, to be

distinguished from non-real-time applications such as web browsing or email.

X
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O30 in some embodiments, the eNodeB 104 may perform intra-flow
sub-classification. In these embodiments, the eNodeB may classity packets ot a
same data flow with different sub-(3{Is based on the intra-(CT classification

information. o these embodiments, the mntra~QCH classification miformation may

LN

include one or more packet characteristics {1.¢., tor intra-tlow classification)

mncluding packet size or other payioad miformation.

(G837 ] in these embodiments, for a same data flow of the default bearer

having the predetermuned QCT {{(1.c., QUI=Y)|, the intra-QCT scheduler 150 may

classity packets associated with a predetermined destination port {e.g.,

10  destination port 7558} based at {cast in part on packet size. The mtra-QC]
classification miformation provided by the UE 102 may indicate to the wtra~{QCI
scheduler 150 to classity packets associated with the predetermuned destination
port based at icast in part on certaim packet s1ize. An example of this 1s tllustrate
in the table of FIG. 3. In these embodiments, packets of the same data flow

15 may have the same destination port. In this exarapie, packets associated with the
indicated destination port having a size greater than or equal to a predetermined
packet size (e.g., 200 bytes) may be classificd with a first sub-QCI (1.c., sub-
QUI=1), and packets associated with the mdicated destination port baving a s1z¢
icss than the predeternmuned packet size {¢.g., 200 bytes) are classified with a

20 second sub-QCI (e, sub-QCI=2). In these embodiments, the first and second
sub-({C1s may be associated with one or more of a different priority, packet
delay budget and packet ervor loss rate. The use of these mitra~-tlow classilication
parameters {e.g., packet size) aliows packets of the same data fiow to be
scheduled differently. In the example illustrated m FIG. 3C, smaller packets with

25 the sub-(}CI=1 may be given a lower scheduling priority than the larger packets
with the sub-QCI=2, although the scope of the embodiments 1s not hmited m this
respect.

3038 in these embodiments, packets associated with a destination port
other than the mdicated destination port {(1.¢., a ditterent data flow} may be

30 classified with a predetermined one of either the first or the second sub-QC1, or a

third sub-QCI {(as dlustrated 1o FIG. 3C). In these emabodiments, packets of

certain data flows may be classified based on intra-flow characteristics using
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sub-QC s, whiic all packets of a different data tlow may be classified with the
sub-QC] regardless of any intra-flow characteristics such as packet size.

[(639] Fi(. 4 illustrates an mira-QCT scheduling protocol 480, m
accordance with some emboditaents, In these embodiments, the eNodeRB 104
(FHG. 1) may send a message 402 to the UE 102 (FIG. 1) to mdicate support of
UE-assisted mtra-QCT downlink scheduling. The message may indicate the sub-
(CIs {¢.g., sub-classes) supported for at least one or more QClIs. The eNodeB3
104 may reccive a message 404 from the UE 102 m response to message 402
indicating that the UE 102 has activated intra-QCI scheduling. The message 404
may inciude the mtra-Q{1 classification information. The eNodeB 104 may
perform mtra~-(3CI schedubing m response to ruessage 404 tor transmission of
downlink packets to the UE 102 based on the intra-QC{ classification
information provided by the UE 102,

| BG40 {n some embodiments, message 402 may be sent to the UE 102
on a physical downhink control channel (PDCCH), message 404 may be received
trom the UE 102 on a physical uplink control channel (PUCCH), and the
scheduled downlink packets may be sent to the UE 102 on a physical downlmk
shared chanoel (PDSCH), m accordance with one of the 3GPP LTE standards.
{0041 {n some embodiments, message 402 may also indicate the number
of sub-classes (sub~QCIs) that are supported for cach QUL Each subclass may be
uniquely dentified by a scalar (i1.¢,, the sub-QC1). In one exampic embodiment,
the eNodeB 104 may support two subclasses under a default bearer ((3CE=9},
and each sub-class may be pre-contigured with various QoS characteristics. In
another example embodiment, the eNodeB 104 mavy support two sub-classes {or
(ICI=9, three subclasses tor QCI=8, tour subclasses tor QCEY, and so forth. In
these exampic embodiments, up to N subclasses may be supported for any one or
more QCIs (e.g., QCEE] to QU= where N may range from two to 1 or more.
30421 in some embodiments, a message may be received from the UE
102 i response to message 402 that the UE 102 does not support UkE-assisted
intra-QC1 scheduling or that the UE 102 1s not activating UE-assisted intra-Q{]
schedulmg. In these embodiments, the eNodeB 104 may retlramn from performing

UE-assisted mtra-QCH scheduling.

10
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(CI classification mformation by sending message 406 to the eNodeB 104, For
cxample, message 406 may be sent when the UE 102 1s running additional
apphications over the detault bearer. The UE 102 may also send message 40K to
the eNodeB 104 when it wishes to deactivate Ub-assisted intra-QC1 scheduling.
{3044 in some embodiments, an intra-QCI scheduler 120 (FIG. 1) of the
UE 102 may classify packets of data flows having a same QUI with a sub-QC1
based mira~-QCT classification mformation. The intra-QCI scheduler 120 may
schedule packets tor uplink transmussion over a radio bearer 203 based on the
sub-QC1. In these embodiments, an mitra-QCT scheduler 120 may determine the
intra-QC1 classification wntormation for classitying packets with sub-QCIs based
on one or more data tlow parameters or one or more packet characteristics.
Accordingly, the UE 102 may also pertorm mtra-(QCI scheduling for uplink
packets, however, no additional messaging between the UE 102 and the eNodeB
104 1s needed for this purposce simce it can be done by the UE 102 itself without
mvelvement of or knowledge by the eNodeB 104, In accordance with some
cmbodiments, UE 102 may mclude an inter-QC1 scheduler 122 (FIG. 1), The
inter-QCH scheduler 122 may allocate bandwidth grants for scheduling packets
for transnission over the radio bearer 203 (FIG. 2) based on the QU1 of the
packet’s data flow.

LHERY in some embodiments, a MAC layer scheduler for an eNodeB,
such as eNodeB 104, 15 provided. In these embodiments, the MAC layer
scheduler may be configured to classify packets of one or more data flows
mapped to 4 detault bearer with 4 sub-class based on sub-class classification
information received from the UE. The sub-class may mdicate a scheduling
priority for packets of the data flows of the default bearer. The MAC layer
scheduler may allocate bandwidth grants for scheduling packets for transmission
over the radio bearer based on the QU1 of the packet’s data tiow, and may
schedule packets for which a grant was allocated for transmssion for downlink
transmission over a radio bearer based on the sub-class.

| 3046] {n some cembodiments, the role of the UE 102 and the eNodeB3
184 may be reversed m FIG. 4 for eNodeB-assisted 1ntra~-3CT uphink scheduling.

in these embodiments, the UE 102 (FIG. 1) may send a message 402 to the

il
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cNodeB 104 to mmdicate support of eNodeB-assisted mitra-QCT upiink
scheduling. The message may wdicate the sub-QCIs {e.g., sub-classes) supported
for at icast one or more QCIs. The UE 102 may receive a message 404 from the
cNodeB 104 1o response to message 402 wndicating that the eNodeB3 104 has
activated mtra~-{3C1 scheduling. The message 404 may imclude the intra-Q{1d
classification mnformation. The UE 102 may perform intra~-QCI scheduling
response to message 404 {for transmussion of uplink packets to the eNodehB 104
based on the mira-QC] classification mformation provided by the eNodeB 104,
{3047 in some embodiments, the UE 102 may be part of a portable
wircless comnmunication device, such as a porsonal digital assistant (PDA), a
laptop or portable computer with wireless commurnucation capability, a web
tablet, a wireless telephone, a wireless headset, a pager, an instant messaging
device, a digital carnera, an access pont, a television, a medical device {¢.g., a
heart rate monitor, a blood pressure monitor, ¢tc.}, or other device that may
recerve and/or transmit information wirelessly.

{34 8] The UE 102 and the eNodeB 184 may include one or more
antennas. The aniennas may comprise one or more directional or ommidirectional
antennas, wcluding, for example, dipole antennas, roonopoele aniennas, paich
antennas, 1oop antennas, microstrip antennas or other types of antennas suitable
for transmission of RF signals. In some embodiments, msiead of two or rmoore
antennas, a single antenna with multiple apertures may be used. In these
cmbodiments, ¢ach aperture may be considered a separate antenna. In some
mutiple-tnput multiple-output (MIMO) embodiments, antennas may be
etfectively separated to take advantage of spatial diversity and the different
channel characteristics that may result between cach of antennas and the
antennas of 4 transmitting station.

3349 {n some embodiments, the UE 102 may mclude onc or more ot a
keyboard, a display, a non-volatiic memory port, multiple antennas, a graphics
processor, an apphceation processor, speakers, and other mobile device elements.
The display may be a higud crystal display {LCD) screen including a touch
SCTOET.

EHERIH Although the UE 102 and the eNodeB 104 are diustrated m FIG.

I as having scveral separate functional clerents, one or more of the functional

i
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clements may be combined and may be implemented by combinations of
software-configured elements, such as processing elements including digital
signal processors (DSPs), and/or other hardware elements. For example, some

clements may coraprise one or more microprocessors, DSPs, apphication specilic

LN

integrated circuits {ANICs), radio-frequency mtegrated circuits {RFICs) and

combinations of various hardware and logic circuitry for performing at least the

tunctions described herein. o some embodiments, the functional clements may

refer 1o One O mMore processes operating on one of Mmore processing clements.

{3051 ] Embodiments may be implemented i one or a combination of

i  hardware, firmware and sottware. Embodiments may aiso be impicmented as
mstructions stored on a computer-readable storage device, which may be read
and executed by at lcast one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for storing information m a form readable by a machine {e.g., a

15 computer). For cxample, a computer-readable storage device may mclude read-
only memory (ROM ), random-access memory {(RAM), magnetic disk storage
rcdia, optical storage media, flash-memory devices, and other storage devices
and media. In some embodiments, system 100 may mclude one or more
processors and may be configured with mstructions stored on a computer-

20 readable storage device.
[(H52] The Abstract 1s provided to comply with 37 C F.R. Section
1.72(b} requuring an abstract that will allow the reader to ascertain the nature and
o1st of the technical disclosure. It 1s submutied with the understanding that 1t will
not be used to imut or mterpret the scope or meaning of the claims. The

25 following claims are hereby incorporated into the detailed description, with cach

clamn standing on its own as g separate cmbodiment.

13
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CLAIMS

What 1s claimed 18:

i. An cvolved Node B (eNodeB ) to operate within a wireless access
network 1o which data flows are mapped o bearers using quality-of-service
{Qo8) class identifiers {(JCIs), the eNodeB comprising:

an nira-QCT scheduler to classify packets of one or more data flows
having a same QUT with a sub-QU1 based on mntra-QQC1 classification information
received frorn user equipment (UE), the sub-(QCI mdicating a scheduling priornity
for packets of data tlows having the same (3L,

wherein the intra-QCT scheduler 18 to schedule packets for downlink

fransmission over a radio bearer based on the sub~-3CL

2. The eNodeB of claim 1, further comprising an inter-QCT scheduler,

wherein the mter-QCT scheduler and the mntra-QC1 scheduler operate
within a mediurn-access control (MAC) layer of the eNodeB, and

wherein the mter-{2CT scheduler 18 to allocate bandwidth grants for
scheduling packets for transmassion over the radio bearer based on the QCI of a
packet’s data flow, and

wherein after the allocation by the mter-QCI scheduler, the imntra-QC1
scheduler 1s to schedule packets tor which a grant was allocated for transmission

over the radio bearer based on the sub-{QCL

3. The eNodeB of claim 2, wherein the mtra-QC1 classification
itformation provided by the UE mcludes the sub-QCIs associated with one or
more of ntra-flow classitication mformation or inter-tlow classitication
intormation,

wherein the mter-flow classitication intormation comprises miernet-
protocol (1P} header field mformation including one or more of source addresses,
destination addresses, source ports, destination ports, or protocol types, and

wherein the intra-tlow classtfication information COmMpriscs ong or more

of packet size or payload information.

i4
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4. The cNodeB of claim 2, wherein the intra-QCl scheduler 1s further
configured to classily packets of different data flows having the same QCI using
the mitra-QC1 classification information, and

wheretn packets of a first data Qow are classitied with a first sub-QC]
and packets of a second data tlow are classified with a second sub-QCH, the first

sub-QCT having a lower scheduling priority than the second sub-QCH.

5. The eNodeB of claim 2, wherein the QUIs mmclude a predetermiuned
QCT for use with a default bearer,

wherein for data flows of the default bearer having the predetermined
OCI, the mira-QC1 scheduler 1s further configured to:

classify packets of data fiows having the predetermined QU and
associated with at least some non-real-time apphications with the first sub-QCl;
and

classity packets of data flows having the predetermined QCI and
associated with at least some real-time applications with the second sub~3{],

wherein the intra-QCI scheduler 1s to give scheduling priority to packets
classified with the second sub~{3CT over packets classified with the first sub-

QCI.

6. The eNodeB of claim 5, wherein packets of the data flows having the
predetermined QCT are dehvered over-the-top (OTT) using a default bearer,

wherein the mira-QCI classification information provided by the UE
indicates to the mtra-QCT scheduler how to classity difterent data Hlows of the

default bearer with the sub-QClI.

7. The eMNodeB of claim 6, wherein the wireless access networik 18 a
3GPP Universal Terrestrial Radio Access Network (UTRAN) Long-Term-
Evolution (LTE} network (E-UTRAN), and the (QCI of the default bearer s nine,

in accordance with 3GPP Technical Specification (TS) 23.203.

8. The eNodeB of claim 1, wherein the QCIs include a predetermined

QCT for use with a default bearer,

i3
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wherein for a same data flow of the detault bearer having the
predeterramed QCI, the mitra~-QCI scheduler 18 further configured to classity
packets associated with a predetermined destination port based at least in part on

packet size.

9. The cNodeB of clarm 1, wherein the mtra-QCI scheduler 15 to schedule
packets based on the sub-QCIs under predetermimed network conditions and 1s 10
refrain from using the sub-QCIs when the predetermined network conditions do

not exist.

10, The eNodeB of claim 1, wheremn the eNodeB 18 further contigured to:

send a message o the UE to indicate support of UE-assisted intra-{ (]
schedulmg, the message mdicating the sub-(CIs supported for at least one or
more QCIs;

receive a message from the UE indicating that the UE has activated ntra-
(ICT schedubing, the received message mchuding the intra~-(QCI classification
information; and

pertorrn intra-QCI scheduling for downlink packets based on the 1ntra-

QCT classification information provided by the UE.

1o



CA 02867017 2014-095-10

WO 2013/138031 PCT/US2013/026910

LN

10

i3

11. A method for scheduling packets for transmission over a radio bearer
within a wireless access network in which data flows are mapped to bearers
using qualityv-of-service (QoS) class wdentifiers {(JCIs), the method comprising:

receiving ntra-QC1 classification information provided from user
equipment (UE);

classitying packets of data tlows having a same QCI with a sub-{3{]
based on the mntra-QC] classification miormation, the sub-QCI mndicating a
scheduling prionty for packets of data flows having the same (I, and

scheduling the packets for downlink transmission over the radio bearer
based on the sub-QCT whercin bandwidth grants are aliocated based on the QU

of a packet’s data flow.

12. The method of claim 1, wherein the method s performed by an
initra-QCI scheduler of an enhanced Node B {eNodeB) for UE-assisted mira-QCI
scheduling, and

wherein the method further comprises:

sendimg a message to the UE to mdicate support of Ul-assisted intra-QCH
scheduling, the message indicating sub-classes supported for at lcast one or more
(JCls;

receiving a message from the UE indicating that the UE has activated
intra-(CT scheduling, the received yaessage mdicating the mtra-QCI
classification information; and

performing intra-QCT scheduling of packets based on the mtra-(JCl
classification miormation provided by the UE,

wherein intra-QCT scheduling includes the classifying and the

scheduling.

13, The method of clamn 12, wheremn the mitra-QCH classification
information provided by the UE mcludes the sub-QCIs associated with onc or
rmaore of mtra-tlow classitication mformation or wmter-tlow classification

information,
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wherein the inter-flow classification mformation comprises mternet-
protocoel (1P) header field mformation including one or wuore of source addresses,
destination addresses, source ports, destination ports or protocol types, and

wherein the mira-flow classificabion information comprises one or more

of packet size or payload iformation.

14, User equipment (UE) to operate within a wireless access network m
which data flows are mapped o bearers using guahity-of-scrvice {QoS) class
identifiers (QCIs), the UE comprising:

an mtra~-QC scheduler arranged to classily packets of data tlows having
a same QCI with a sub-QC1{ based intra-QC1T classification information, the sub-
(JCT indicating a scheduling priority for packets having a same QCI,

wherein the mira-QUCI scheduler 18 to schedule packets for uphnk
transmission over a radio bearer based on the sub-QCl, and

wherein the mitra-QCI scheduler 1s to determine the mitra-QCl
classification 1nformation for classitying packets with sub-QCIs based on ong or

more data flow parameters or one or more packet characteristics.

15, The UE of claim 14, further comprising:

physical layer circustry o receive a message from an enhanced Node B
{eNodeB) indicating support of UE-assisted intra-QC1 scheduling, the message
indicating the sub~JCIs supported for at least one or more QUCIs, the physical
layer curcultry to transmit a message o the eNodeB mndicating that the UE has
activated mira-QCT scheduling, the transmitted message mcluding the mirg-QCo
classification nformation for use by the eNodeB mn performing intra~{ 3]

scheduling for downhink packets.

i6. The UE of claim 14, wherein the mira-QClH classification mformation
generated by the UE mceludes the sub-(3CIs associated with one or more of inira-
flow classification information or infer-flow classification information,

wherein the mier-flow classification wnformation compnses mier
protocol (1P} header field mformation mcluding one or more of source addresses,

destination addresses, source ports, destination ports or protocol types; and

1%
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wherein the mtra-tlow classification information comprises one or more

of packet size or payload miormation.

17. A medium-access control (MAC) layer scheduler to operate within a
wireless access network m which data flows are mapped to bearers using
quality-of-service (QoS) class identifiers (QCIs), the MAC laver scheduler
COMPrising:

an mitra~-QC1 scheduler to classity packets of onc or more data flows
having a same QCI with a sub~QCI based on intra~-QCT classification imnformation
recetved from user equipment {UE}, the sub-QCT mdicating a scheduling priority
tor packets of data flows having the sarme QU1 and

an inter-QCT scheduler to aliocate bandwidth grants for scheduling
packets for transmussion over a radio bearer based on the (JCT of the packet’s
data tlow,

wherein the intra-QCT scheduler 18 to schedule packets for downlink
transmission tor which a grant was allocated over the radio bearer based on the

sub-CL

i8. The MAC layer scheduler of claim 17, wherein the imtra-QCH
scheduler 1s to classify packets of two or more data flows mapped to a default

bearer based on the sub-QClIs.

19, The MAC layer scheduler of claum IX ,wherein the mitra~-QC1
classification mformation provided by the UE includes the sub-QCIs associated
with one or more of wmitra-flow classification mtormation and miter-flow
classitfication miormation,

wherein the mnter-flow classification mformation comprises header field
information wncluding one or more of source addresses, destination addresses,
source ports, destination ports of protocol types, and

wherein the intra-tlow classtfication information COmMpriscs ong or more

of packet size or payload information.

14
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20. The MAC laver scheduler of claim 18, wherein the QCls inciude a
predeterrmned QU1 for use with a default bearer,
wherein for data flows of the default bearer having the predetermined

QCI, the mtra~-{3CI scheduler 15 further contigured to:

LN

classtty packets of data flows having the predetermined QCI and
associated with at least some non-real-time applications with the first sub-QCI;
and

classity packets of data tiows having the predetermined QCT and
associated with at ieast some real-fime applications with the second sub-QCi,
16 wherein the intra-QC1 scheduler 18 to give scheduling prionity to packets
classilied with the second sub-QCI over packets classified with the first sub-

QCT

21. The MAC layer scheduler of claim 28, wherein packets of the data
15 tlows having the predetermunced QCT are dehivered over-the-top (OTT) using a
default bearer,
wherein the mira-QCT classification mformation provided by the UE
indicates to the mtra-QCI scheduler how to classity ditferent data Hlows ot the

detault bearer with the sub-QC1.
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