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SYSTEMS, DEVICES, AND METHODS FOR LONG TERM
EVOLUTION AND WIRELESS LOCAL AREA INTERWORKING

Cross-Reference To Related Application

This application claims the benefit of U.S. Patent Application No. 14/583,027
filed December 24, 2014, entitled “SYSTEMS, DEVICES, AND METHODS FOR
LONG TERM EVOLUTION AND WIRELESS LOCAL AREA INTERWORKING?,
which claims the benefit of U.S. Provisional Application No. 61/990,694 filed May &,
2014, entitled “Stage-2 and Stage-3 Details of LTE/WLAN Radio Interworking”, and
U.S. Provisional Application No. 62/029,936 filed July 28, 2014, entitled “Amendment to
WLAN/3GPP Interworking RAN Rules”.

Field

Embodiments of the present disclosure generally relate to the field of wireless
communication, and more particularly, to systems, devices, and methods for long-term
evolution and wireless local area interworking.

Background

Typically, cellular networks need to be able to handoff or offload user equipment
(UEs) to wireless local area networks (WLANSs). UEs may also need to know how to
direct traffic across multiple networks including both radio access network (RANSs) and
WLANSs. An example of a cellular network may include a 3G or 4G network such as
those defined by third generation partnership project (3GPP) specifications. An example
of a WLAN may include a Wi-Fi network such as those described by the Institute of
Electrical and Electronics Engineers (IEEE) 802.11 specifications.

Summary of the Invention

Accordingly, it is an object of this invention to at least partially overcome some of
the disadvantages of the prior art.

Accordingly, in one aspects of the present invention, there is provided a user
equipment (UE) comprising: a first radio to communicate via an evolved universal
terrestrial radio access network (EUTRAN); a second radio to communicate via a wireless
local area network (WLAN); and control circuitry coupled with the first and second
radios, the control circuitry to receive, in a broadcast system information block or a radio
resource control (RRC) connection reconfiguration message dedicated to the UE, radio
access network (RAN) assistance parameters for access network selection and traffic

steering between the EUTRAN and the WLAN, wherein the RAN assistance parameters
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include a WLAN identifier that corresponds to the WLAN, a reference signal received
power (RSRP) threshold value, and a reference signal received quality (RSRQ) threshold
value; transmit traffic over the EUTRAN via the first radio; determine that a measured
cell receive level value of the EUTRAN is less than the RSRP threshold or a measured
cell quality value of the EUTRAN is less than the RSRQ threshold; and steer tratfic to the
WLAN via the second radio based on said determination that the measured RSRP of the
EUTRAN is less than the RSRP threshold or the measured RSRQ of the EUTRAN 1s less
than the RSRQ threshold.

In a further aspect of the present invention, there is provided a user equipment
(UE) comprising: a first radio to communicate via an evolved universal terrestrial radio
access network (EUTRAN); a second radio to communicate via a wireless local area
network (WLAN); and control circuitry coupled with the first and second radios, the
control circuitry to receive, in a broadcast system information block or a radio resource
control (RRC) connection reconfiguration message dedicated to the UE, radio access
network (RAN) assistance parameters for access network selection and traffic steering
between the EUTRAN and the WLAN, wherein the RAN assistance parameters include a
WLAN channel utilization threshold, a WLAN downlink backhaul rate threshold, a
WLAN uplink backhaul rate threshold, a WLAN beacon received signal strength
indicator (RSSI) threshold, and a WLAN beacon received signal strength indicator (RSSI)
threshold: transmit traffic over the WLAN via the second radio; determine a WLAN
channel utilization is greater than the WLAN channel utilization threshold, a WLAN
downlink backhaul rate is less than the WLAN downlink backhaul rate threshold, a
WLAN uplink backhaul rate is less than the WLAN uplink backhaul rate threshold, or a
beacon RSSI is less than the WLAN beacon RSSI threshold; and steer traffic to the
EUTRAN via the first radio based on said determination that the WLAN channel
utilization is greater than the WLAN channel utilization threshold, the WLAN downlink
backhaul rate is less than the WLAN downlink backhaul rate threshold, the WLAN uplink
backhaul rate is less than the WLAN uplink backhaul rate threshold, or the beacon RSSI
is less than the WLAN beacon RSSI threshold.

In a further aspect of the present invention, there is provided an enhanced node B
(eNB) circuitry comprising: control circuitry to determine a set of RAN assistance
parameters for each of a plurality of public land mobile networks (PLMNs) served by the

eNB, wherein individual sets of the RAN assistance parameters include first evolved
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universal terrestrial radio access network (EUTRAN) thresholds for steering traffic from
an EUTRAN to a wireless local area network (WLAN), second EUTRAN thresholds for
steering traffic from a WLAN to an EUTRAN, first WLAN thresholds for steering traffic
from an EUTRAN to a WLAN, and second WLAN thresholds for steering traffic from a
WLAN to an EUTRAN; and to generate dedicated or broadcast signaling messages that
include the RAN assistance parameters for each of the plurality of PLMNs; and a wireless
transceiver to transmit the dedicated or broadcast signaling messages to one or more user
cquipments (UEs) in the EUTRAN cell.

In yet a further aspect of the present invention, there is provided one or more non-
transitory computer-readable media having instructions that, when executed, cause a user

cquipment (UE) to: process a system information message or a radio resource control

(RRC) message to determine radio access network (RAN) assistance parameters;
determine conditions of first and second access networks; determine that the conditions of
the first and second access networks satisfy access network selection and traffic steering
(ANSTS) rules for a predetermined period of time based on the RAN assistance
parameters; and steer traffic from the first access network to the second access network
based on said determination that the conditions of the first and second access networks
satisfy the ANSTS for the predetermined period of time.

In yet a further aspect of the present invention, there is provided one or more
computer-readable media having instructions that, when executed, cause a user equipment
("UE”) to: determine, based on a radio resource control (“RRC”) connection
reconfiguration message or a system information block message, radio access network
(“RAN™) assistance parameters for access network selection and traffic steering between

an evolved universal terrestrial radio access network (“EUTRAN”) and a wireless local

area network (“WLAN”), wherein the RAN assistance parameters include: a WLAN
beacon received signal strength indicator (“RSSI”) threshold; and an EUTRAN reference
signal received power (“RSRP”) threshold or an EUTRAN reference signal received
quality (“RSRQ™) threshold; determine an EUTRAN RSRP or an EUTRAN RSRQ;
determine, based on a beacon in the WLAN, a WLAN RSSI; determine a plurality of
steering conditions are met for a predetermined time interval, the plurality of steering
conditions to include: the EUTRAN RSRP being less than the EUTRAN RSRP threshold
or the EUTRAN RSRQ being less than the EUTRAN RSRQ threshold; and the WLAN
RSSI being greater than the WLAN beacon RSSI threshold; steer traffic from a first radio

Ib
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of the UE that communicates via the EUTRAN to a second radio of the UE that
communicates via the WLAN based on said determination that the plurality of steering
conditions are met for the predetermined time interval.

In yet a further aspect of the present invention, there 1s provided an apparatus
comprising: a wireless local area network (“WLAN") radio to receive a beacon from a
WLAN; a cellular radio to receive a radio resource control (“RRC”) connection
reconfiguration message or a system information block (“SIB”) message from an evolved
universal terrestrial radio access network (“EUTRAN”); and control circuitry coupled
with the WLAN radio and the cellular radio, the control circuitry to: determine, based on
the RRC connection reconfiguration message or the SIB message, radio access network
("RAN”) assistance parameters for access network selection and traffic steering between
the EUTRAN and the WLAN, wherein the RAN assistance parameters include: a WLAN
beacon received signal strength indicator (“RSSI”) threshold; and an EUTRAN reference
signal recerved power (“RSRP”) threshold or an EUTRAN reference signal received
quality (“RSRQ”) threshold; determine an EUTRAN RSRP or an EUTRAN RSRQ;
determine, based on the beacon, a WLAN RSSI; determine a plurality of steering
conditions are met for a predetermined time interval, the plurality of steering conditions
to include: the EUTRAN RSRP being less than the EUTRAN RSRP threshold or the
EUTRAN RSRQ being less than the EUTRAN RSRQ threshold; and the WLAN RSSI
being greater than the WL AN beacon RSSI threshold; and steer traffic from the cellular
radio to the WLAN radio based on said determination that the plurality of steering
conditions are met for the predetermined time interval.

In yet a further aspect of the present invention, there is provided an apparatus of a
user equipment (“UE”), the apparatus comprising: access stratum circuitry to: determine,
based on a radio resource control (“RRC”) connection reconfiguration message or a
system information block message, radio access network (“RAN”) assistance parameters
for access network selection and traffic steering between an evolved universal terrestrial
radio access network (“EUTRAN”) and a wireless local area network (“WLAN”),
wherein the RAN assistance parameters include: a WLAN beacon received signal
strength indicator (“RSSI”) threshold; and an EUTRAN reference signal received power
("RSRP”) threshold or an EUTRAN reference signal received quality (“RSRQ™)
threshold; determine an EUTRAN RSRP or an EUTRAN RSRQ: determine, based on a
beacon in the WLAN, a WLAN RSSI; determine a plurality of steering conditions are met

I¢
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for a predetermined time interval, the plurality of steering conditions to include: the

EUTRAN RSRP being less than the EUTRAN RSRP threshold or the EUTRAN RSRQ
being less than the EUTRAN RSRQ threshold; and the WLAN RSSI being greater than
the WLAN beacon RSSI threshold; and non-access stratum circuitry to: receive an
indication from the access stratum circuitry that the plurality of steering conditions are
met for the predetermined time interval and steer traffic from a first radio of the UE that

communicates via the EUTRAN to a second radio of the UE that communicates via the
WLAN based on said indication.

In yet a further aspect of the present invention, there is provided one or more
computer-readable media having instructions that, when executed, cause a user equipment
(“UE”) to: determine, based on a radio resource control (“RRC”) connection
reconfiguration message or a system information block message, radio access network
("RAN”) assistance parameters for access network selection and traftic steering between
an evolved universal terrestrial radio access network (“EUTRAN”) and a wireless local
arca network ("WLAN”), wherein the RAN assistance parameters include: a WLAN
beacon received signal strength indicator (“RSSI”) threshold; and an EUTRAN reference
signal received power (“RSRP”) threshold or an EUTRAN reference signal received
quality (“RSRQ”) threshold; determine an EUTRAN RSRP or an EUTRAN RSRQ;
determine, based on a beacon in the WLAN, a WLAN RSSI; determine a plurality of
steering conditions are met for a predetermined time interval, the plurality of steering
conditions to include: the EUTRAN RSRP being greater than the EUTRAN RSRP
threshold and the EUTRAN RSRQ being greater than the EUTRAN RSRQ threshold: and
the WLAN RSSI being less than the WLAN beacon RSSI threshold; steer traffic from a
first radio of the UE that communicates via the WLAN to a second radio of the UE that
communicates via the EUTRAN based on said determination that the plurality of steering
conditions are met for the predetermined time interval.

Further aspects of the invention will become apparent upon reading the following
detailed description and drawings, which illustrate the invention and preferred
embodiments of the invention.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description in

conjunction with the accompanying drawings. To facilitate this description, like reference

1d
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numerals designate like structural elements. Embodiments are illustrated by way of
example and not by way of limitation in the figures of the accompanying drawings.

Figure 1 schematically illustrates a wireless communication environment in

accordance with various embodiments.

> Figure 2 1s flowchart of an access network selection and traffic steering operation

of a user equipment in accordance with some embodiments.

Figure 3 1s a flowchart of a configuration operation of a network node in

accordance with some embodiments.

le
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Figurc 4 15 a block diagram of an cxamplc computing dcvice that may be uscd
to practice various embodiments described herein.

Detailed Description

In the following detailed description, reference 1s made to the accompanying
drawings, which form a part hercot wherein like numerals designate like parts throughout,
and 1n which 1s shown by way of 1llustration embodiments that may be practiced. It 1s to
be understood that other embodiments may be utilized and structural or logical changes
may be made without departing from the scope of the present disclosure.

Various operations may be described as multiple discrete actions or operations 1n
turn, in a manner that 1s most helpful in understanding the claimed subject matter.
However, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in a
different order than the described embodiment. Various additional operations may be
performed or described operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the term “or” 18 used as an inclusive
term to mean at least one of the components coupled with the term. For example, the
phrase "A or B" means (A), (B), or (A and B); and the phrase "A, B, or C" means (A),
(B), (C), (A and B), (A and C), (B and C), or (A, B, and ().

The description may use the phrases "in an embodiment,” or "in embodiments,"
which may each refer to one or more of the same or different embodiments. Furthermore,
the terms "comprising,” "including,” "having," and the like, as used with respect to
embodiments of the present disclosure, are synonymous.

As used herein, the term "circuitry” may refer to, be part of, or include
an Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor
(shared, dedicated, or group), or memory (shared, dedicated, or group) that execute one or
more software or firmware programs, a combinational logic circuit, or other suitable
hardware components that provide the described functionality.

Figure 1 schematically illustrates a wireless communication environment 100

in accordance with various embodiments. The environment 100 may include a user

cquipment (UE) 104 that 1s capablc of communicating ovcr at Icast two wircless

communication networks. The UE 104 may include control circuitry 108 coupled with an

cvolved universal terrestrial radio access network (EUTRAN) radio 112 that 18 capable of
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wirclcss communication with onc or morc nodcs of a EUTRAN, for cxamplc, cvolved
node B (eNB) 116. The control circuitry 108 may be turther coupled with a WLAN radio
120 that 1s capable of wireless communication with one or more nodes of a WLAN, for
example, access point 124.

The AP 124 may include wireless transcerver 128 coupled with control circuitry
132. The control circuitry 132 may control operation and communication of the AP 124.
In some embodiments the control circuitry 132 may control communications over the
wireless transcelver 128 and one or more additional transceivers, which may be wired or
wireless. In some embodiments the control circuitry 132 may be embodied 1n an access
controller that 1s disposed separately from an access point.

The ¢eNB 116 may also include a wireless transceiver 136 and control circuitry
140. The control circuitry 140 may control operation and communication of the eNB 116.
The eNB 116 may be part of a 3rd Generation Partnership Project (3GPP) long-term
cvolution (LTE) network (or an LTE-Advanced (LTE-A) network) and may include
transceiver 144 to communicate with one or more nodes of the LTE/LTE-A network, for
cxample, network controller 148. The eNB 116 may include one or more additional
transceivers, which may be wired or wireless.

The network controller 148 may include a transceiver 152 to communicate with the
transceiver 144 of the eNB 116. The network controller 148 may turther include
configuration circuitry 156. In some embodiments, the configuration circuitry 156 may
provide radio access network (RAN) assistance parameters to UEs present in a serving cell
of the eNB 116, for example, UE 104. The RAN assistance parameters may be provided to
the UEs through dedicated or broadcast signaling. The RAN assistance parameters may be
used by the UEs, 1n conjunction with rules with which the UEs are provisioned, to make
access network selection and traffic steering decisions as will be described in further detail
herein.

The network controller 148 may be part of the EUTRAN along with the eNB 116,
another EUTRAN, or an Evolved Packet Core (EPC) that 1s coupled with the EUTRAN of
the eNB 116. As used herein, an EUTRAN of the ¢eNB 116 may refer to a serving cell
provided by the eNB 116.

The EPC may include an accecess nctwork discovery and sclection function
(ANDSF) to assist UEs to discover non-3GPP access networks that can be used for data

communication in addition to 3GPP access networks and provide the UE with rules
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policing thc conncction to thesce networks. The EPC may also provide a communication
interface between various RANs and other networks.

While the configuration circuitry 156 1s shown 1n the network controller 14%, 1n
other embodiments some or all of the configuration circuitry 156 may be disposed 1n the
cNB 116.

Various embodiments include RAN-assisted UE-based bidirectional traffic steering
between EUTRAN and WLAN. For example, a UE 104 may use information provided by
components of the EUTRAN, for example, eNB 116, to determine when to steer tratfic
from the EUTRAN to the WLAN and vice versa. In some embodiments, the UE 104 may
steer traffic differently based on whether the UE 1s 1n an RRC idle or an RRC connected
mode.

The RAN assistance parameters may include EUTRAN signal strength and quality
thresholds, WLAN utilization thresholds, WLAN backhaul data rate thresholds, WLAN
identifiers (used in access network selection and traffic steering (ANSTS) rules) and
offload preference indicator (OPI) (used in ANDSF policies). The UE 104 may use the
RAN assistance parameters in the evaluation of ANSTS rules, described herein, to
perform tratfic steering decisions between EUTRAN and WLAN.

After recerving the RAN assistance parameters, the UE 104 may keep and apply
the parameters or discard or 1ignore the parameters based on various situations and whether
the parameters were received through dedicated or broadcast signaling. For example, 1f the
UE 104 1s in RRC CONNECTED, the control circuitry 108 may apply the RAN
assistance parameters obtained via dedicated signaling. Otherwise, the UE 104 may apply
the RAN assistance parameters obtained via broadcast signaling. If the UE 104 1s 1n
RRC IDLE, 1t may keep and apply the RAN assistance parameters obtained via dedicated
signaling until a cell reselection or handover occurs or a timer has expired since the UE
104 entered RRC IDLE. After a cell reselection or handover occurs or the timer expires,
the UE 104 may apply RAN assistance parameters obtained via broadcast signaling.

In some embodiments, a user of the UE 104 may set preferences with respect to the
network with which communication should be conducted. These user-preference settings
may take precedent over ANSTS rules.

A uscr cquipment in RRC CONNECTED or RRC IDLE that supports tratfic
steering, shall use the ANSTS unless the UE 1s provisioned with ANDSF policies by the
ANDSEF of the EPC. 1f the UE 104 1s provisioned with ANDSF policies, the UE 104 may
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forward rcccived RAN assistance paramcters to uppcer laycrs of the UE 104. 1f the UE 104
1S not provisioned with ANDSF policies (or it does not have an active ANDSF policy), it
may use recerved RAN assistance parameters in ANSTS defined in RAN.

When the UE 104 applies ANSTS rules, using recetved RAN assistance
parameters, 1t may perform traffic steering between the EUTRAN and WL AN with access
point name (APN) granularity. For example, when the UE 104 moves the traffic of an
evolved packet system (EPS) bearer belonging to an APN between EUTRAN and WLAN
it may move the traffic of all the EPS bearers that belong to that APN. The information
about which APNSs ar¢ offloadable to WLAN may be provided by NAS.

In some situations, a EUTRAN may be shared among a number of public land
mobile networks (PLMNSs). In these situations, each PLMN sharing the EUTRAN may be
associated with 1ts own set of RAN assistance parameters. In some embodiments, the ¢eNB
116 may receive or otherwise determine a set of RAN assistance parameters for cach
PLMN that the eNB 116 serves. The eNB 116 may then deliver these sets of RAN
assistance parameters to the UEs 1n the EUTRAN through broadcast or dedicated
signaling.

RAN assistance parameters may be provided to the UE 104 1n one or more system
information blocks (SIBs) or in an RRC connection reconfiguration message. If any of the
RAN assistance parameters are provided 1n dedicated signaling, for example, in an RRC
connection reconfiguration message, the UE 104 may 1gnore RAN assistance parameters
provided 1n system information, for example, SIBs. In some embodiments, the control
circuitry 108 may determine that RAN assistance parameters received via system
information are valid only 1f the UE 104 1s camped on a suitable cell.

In some embodiments, the RAN assistance parameters may include 1dentifiers of
target WLANS, for example the WLAN associated with the AP 124, to which traffic may
be steered. The WLAN 1dentifiers may include service set identifiers (SSIDs), basic
service set identifiers (BSSIDs), and/or homogeneous extended service set identifiers
(HHIDs). ANSTS rules may be applicable to the target WLANS. In some embodiments,
these ANSTS rules may only be applicable 1f the UE 104 1s capable of traffic steering
between EUTRAN and WLAN and the UE 104 1s not provisioned with active ANDSF
policics as dcscribed above.

In some respects, the ANSTS rules and the ANDSF policies may be considered

two alternative mechanisms that provide ssmilar functionality. Some operators may use
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ANDSF, whilc othcrs usc ANSTS. Gencerally specaking, ANDSE may be morc
comprehensive and, therefore, expensive. Operators that do not need full functionality of
ANDSF may prefer to use cheaper ANSTS 1nstead.

Generally, a single operator may only use one mechanism. However, m certain
cases, conflicts may happen. For example, when a UE from operator A that uses ANDSF
1s roaming 1n a network of operator B that uses ANSTS. In such instances, the mechanism
that takes precedent may be explicitly defined.

A first set of the ANSTS rules may describe situations in which traffic may be
steered from an EUTRAN to a WLAN. These situations may be based on operational
states 1n the EUTRAN and the WLAN as compared to various thresholds provided in the
RAN assistance parameters. In some embodiments, 1f predefined conditions are met, then
an access stratum 1n the control circuitry 108 may indicate to upper layers of the control
circuitry 108, for example, a non-access stratum, when and for which WLAN 1dentifiers
(out of a list of WLAN 1dentifiers provided in the RAN access parameters) certain
conditions for steering traffic from an EUTRAN to a WLAN are satisfied for a
predetermined time interval. The predetermined time interval may be based on a timer
value, TsteeringWLAN, which may be a parameter of the RAN assistance parameters.

The conditions for steering trattic to a WLAN may include EUTRAN serving cell
conditions and target WLAN conditions. The EUTRAN serving cell conditions may
include: Qrxlevmeas < ThreshServingOftload WLAN, LowP; or Qqualmeas <
ThreshServingOftloadWLAN, LowQ, where Qrxlevmeas may be a measured reference
signal received power (RSRP) (in dBM) of the EUTRAN cell,
ThreshServingOftloadWLAN, LowP may be an RSRP threshold (in dBM) used by the UE
104 for traffic steering to WLAN, Qqualmeas may be a measured reference signal
recerved quality (RSRQ) (in dB) in the EUTRAN cell, and ThreshServingOffload WL AN,
LowQ may be an RSRQ threshold (1in dB) used by the UE 104 for traffic steering to
WLAN. Thus, the control circuitry 108 may determine that the EUTRAN serving cell
conditions are satisfied if a measured cell recerve level value of the EUTRAN 1s less than
the corresponding RSRP threshold or a measured cell quality value of the EUTRAN 1s less
than the corresponding RSRQ threshold.

The target WLAN conditions may includc: ChannclUtihizationWLAN <
ThreshChUt1lWLAN, Low; BackhaulRateDIWLAN > ThreshBackhRateDIWLAN, High;
BackhaulRateUIWLAN > ThreshBackhRateUIWLAN, High; and BeaconRSSI >
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ThrcshRSSIWLAN, High, where ChannclUtilizationWLAN may bc a WLAN channcl
utilization value from basic service set (BSS) load information element (1E) obtained from
IEEE §02.11 (Beacon or Probe Response) signaling for an indicated WLAN 1dentifier,
ThreshChUt1lWLAN, Low may be a WLAN channel utilization (BSS load) threshold used
by the UE 104 for tratfic steerimg to WLAN, BackhaulRateDIWLAN may be a backhaul
available downlink bandwidth that may be calculated as Downlink Speed* (1 — Downlink
Load / 255), where the Downlink Speed and Downlink Load parameters may be drawn
from wide area network (WAN) Metrics element obtained via access network query
protocol (ANQP) signaling from Wi-F1 Alliance (WFA) hotspot (HS) 2.0 (based on IEEE
802.11u and WFA extensions), ThreshBackhRateDIWLAN, High may be a backhaul
avatlable downlink bandwidth threshold used by the UE 104 for traffic steering to WLAN,
BackhaulRatcUIWLAN may be a backhaul available uplink bandwidth that may be
calculated as Uplink Speed * (1 - Uplink Load / 255), where the Uplink Speed and Uplink
Load parameters may be drawn from the WAN metrics element obtained via ANQP
signaling from WFA HS2.0, ThreshBackhRateUIWLAN, High may be a backhaul
available uplink bandwidth threshold used by the UE 104 for tratfic steering to WLAN,
BeaconRSSI may be an RSSI as measured by the UE 104 on the WLAN Beacon, and
ThreshRSSIWLAN, High may be a Beacon RSSI threshold used by the UE 104 for traffic
steering to WLAN. Thus, the control circuitry 108 may determine that the WLAN
conditions are satistied if a WLAN channel utilization 1s less than the corresponding
WLAN channel utilization threshold, a WLAN downlink backhaul rate 1s greater than a
corresponding WLAN downlink backhaul rate threshold, a WLAN uplink backhaul rate 1s
greater than a corresponding WLAN uplink backhaul rate threshold, and a beacon RSSI 1s
greater than a corresponding WLAN beacon RSSI threshold.

In some embodiments, the UE 104 may receive only a subset of thresholds
discussed herein. In such embodiments, the UE 104 may exclude the evaluation of a
measurement for which a corresponding threshold has not been provided.

In an embodiment in which more than one target WLAN meets the conditions
above, 1t may be up to the UE 104 to choose one of the available target WLANS. In some
embodiments, each of the target WLANS may have an associated priority by which the UE
104 sclccts the WLAN with which to associatc. The associated priority may be transmitted
with the WLAN 1dentifiers in the RAN assistance parameters.
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A sccond sct of the ANSTS rules may describe situations in which traffic may be
steered from a WLAN to an EUTRAN cell. Similar to the above discussion, these
situations may be based on operational states in the WLAN and EUTRAN cell as
compared to various thresholds provided in the RAN assistance parameters. In some
embodiments, 1f predefined conditions are met, then an access stratum 1n the control
circuitry 108 may indicate to upper layers of the control circuitry 108, for example, a non-
access stratum, when certain conditions for steering traffic from a WLAN to an EUTRAN
cell are satistied for a predetermined time mterval, TsteermgWLAN.

The WLAN conditions for steering traffic to a target EUTRAN cell from the
WLAN may include: ChannelUtilizationWLAN > ThreshChUt1lIWLAN, High;
BackhaulRateDIWLAN < ThreshBackhRateDIWLAN, Low; BackhaulRateUIWLAN <
ThreshBackhRateUIWLAN, Low; or BeaconRSSI < ThreshRSSIWLAN, Low, where
ThreshChUtIWLAN,High may be a WLAN channel utilization (BSS load) threshold used
by the UE 104 for traffic steering to EUTRAN, ThreshBackhRateDIWLAN, Low may be
a backhaul available downlink bandwidth threshold used by the UE 104 for traffic steering
to EUTRAN, ThreshBackhRatcUIWLAN, Low may be a backhaul available uplink
bandwidth threshold used by the UE 104 for traffic steering to EUTRAN, and
ThreshRSSIWLAN, Low may be a Beacon RSSI threshold used by the UE 104 for tratfic
steering to EUTRAN. Thus, the control circuitry 108 may determine the WLAN
conditions for steering trattic to the target EUTRAN cell are satistied 1f a WLAN channel
utilization 1s greater than a corresponding WLAN channel utilization threshold, a WLAN
downlink backhaul rate 1s less than a corresponding WLAN downlink backhaul rate
threshold, a WLAN uplink backhaul rate 1s less than a corresponding WLAN uplink
backhaul rate threshold, or a beacon RSSI 1s less than a corresponding WLAN beacon
RSSI threshold.

The EUTRAN conditions for stecring traffic to a target EUTRAN cell from a
WLAN may include: Qrxlevmeas > ThreshServingOftfloadWLAN, HighP; and Qqualmeas
> ThreshServingOftfload WLAN, HighQ, where ThreshServingOffload WLAN, HighP may
be an RSRP threshold (in dBM) used by the UE 104 for traffic steering to EUTRAN and
ThreshServingOftfloadWLAN, HighQQ may be an RSRQ threshold (in dB) used by the UE
104 for tratfic stccring to EUTRAN. Thus, the control circuitry 108 may dcterminge the
EUTRAN conditions for steering traffic to the target EUTRAN cell are satistied if a

measured cell recerve level value of the EUTRAN 1s greater than a corresponding RSRP
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thrcshold and a mcasurced ccll quality valuc of the EUTRAN 1s grcater than a
corresponding RSRQ threshold.

As can be seen 1n the above, and 1n Table 1 below, the RAN assistance parameters
may 1nclude first EUTRAN/WLAN thresholds for steering traffic from an EUTRAN to
the WLAN and second EUTRAN/WLAN thresholds for steering traftic from a WLAN to
an EUTRAN. The different thresholds may be separated by a sufticient degree to prevent
ping-ponging between EUTRAN and WLAN. Thus, the high and low thresholds may
define an acceptable operating range 1n which traffic steering may not be employed.

In some embodiments, 1f upper layers of the control circuitry 108 receive an
indication provided by an access stratum of the control circuitry 108 that contradicts with
user preferences or if the UE 104 has an active ANDSF policy, the upper layers may
1ignore the indication and may not engage 1n traffic steering.

As discussed above, 1n some embodiments, the RAN assistance parameters be
transmitted in a SystemInformation message. The SystemInformation message may be
used to convey one or more system information blocks (SIBs). The included SIBs may be
transmitted with the same periodicity. The SystemInformation message may be
transmitted from the EUTRAN to the UE 104 over a broadcast control channel (BCCH)
logical channel and may have a transparent mode (TM) radio link control (RLC) - service
access point (SAP).

In some embodiments, the SystemInformation message may have an abstract

syntax notation (ASN) as follows.

--ASNISTART
SystemInformation ::= SEQUENCE {
criticalExtensions CHOICE {
systemInformation-rg SystemInformation-r8-IEs,
criticalExtensionsFuture SEQUENCE {}
;
h
SystcmInformation-r8-1Es ::= SEQUENCE {
sib-TypeAndInfo SEQUENCE (SIZE
(1..maxSIB)) OF CHOICE }
s1b2

SystemInformationBlockType2,
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s1b3
SystemInformationBlockType3,
s1b4
SystemInformationBlockType4,
s1b5
SystemlInformationBlockType5,
sib6
SystemInformationBlockType6,
$1b7
SystemInformationBlockType7,
S1b&
SystemInformationBlockTypes,
$1b9
SystemInformationBlockType9,
s1ib10
SystemInformationBlockTypel0,
sibl1
SystemInformationBlockTypell,

* * a4 ,

s1b12-v920
SystemInformationBlockType12-r9
s1b13-v920
SystemInformationBlock Typel3-19
s1b14-v1130
SystemInformationBlockTypel4-r11
s1b15-v1130
SystemInformationBlockTypel5-r11
s1b16-v1130
SystemInformationBlockTypel6-r11
sibl7-v12xy
SystcmInformationBlockTypcl7-r12
sib18-v12xy
SystemInformationBlockTypel&-r12

PCT/US2015/027123
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fs
nonCriticalExtension Systemlnformation-v8a0-1Es
OPTIONAL -- Need OP
f
5

SystemInformation-v8a0-1Es ::= SEQUENCE {

lateNonCriticalExtension OCTET STRING
OPTIONAL, -- Need OP
nonCriticalExtension SEQUENCE {}
10 OPTIONAL -- Need OP
b
-- ASNISTOP

The above ASN of the Systeminformation message system includes information
for system information block types 17 and 18, which may include the RAN assistance
15  paramctcers i somce cmbodiments. In onc cxamplc, the various thresholds of the RAN
assistance parameters may be included 1in SystemInformationBlockTypel7 and the list of
target WLAN 1dentifiers may be included 1n SystemInformationBlockTypels.
SystemInformationBlockTypel7 information element may have an ANS format as

indicated below 1n accordance with some embodiments.

20 -- ASNISTART

SystemInformationBlockTypel7-r12 ::=  SEQUENCE {
wlanOftfloadParam-r12 CHOICE {
wlanOftload-Common-r12 WlanOftload-Param-r12,
wlanOffload-PerPLMN-List-r12  ~ SEQUENCE (SIZE (1..maxPLMN-rl11)) OF
25 WlanOffload-ParamPerPLMN-112
} OPTIONAL,
lateNonCriticalExtension OCTET STRING OPTIONAL
h
30  WlanOftfload-ParamPcrPLMN-r12 ::= SEQUENCE {
ran-Param-r12 WlanOfttload-Param-r12 OPTIONAL
f
WlanOffload-Param-r12 ::= SEQUENCE ¢{

11
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thrcsholdRSRP-Low-r12 RSRP-Rangc
OPTIONAL,
thresholdRSRP-High-r12 RSRP-Range
OPTIONAL,
thresholdRSRQ-Low-r12 RSRQ-Range
OPTIONAL,

thresholdRSRQ-High-r12 RSRQ-Range
OPTIONAL,

thresholdRSSI-Low-r12 RSSI-Range
OPTIONAL,

thresholdRSSI-High-r12 RSSI-Range
OPTIONAL,

thresholdChannelUtilization-Low-r12 INTEGER (1...255)
OPTIONAL,

thresholdChannelUtilization-High-r12 INTEGER (1...255)
OPTIONAL,

thresholdBackhaulDLBandwidth-Low-r12  INTEGER (1... 4194304)
OPTIONAL,

thresholdBackhaulDLBandwidth-High-r12 INTEGER (1... 4194304)
OPTIONAL,

thresholdBackhaulULBandwidth-Low-r12 INTEGER (1... 4194304)
OPTIONAL,

thresholdBackhaulULBandwidth-High-r12 INTEGER (1... 4194304)
OPTIONAL,

offloadPreferencelndicator-r12 BIT STRING (SIZE (2))
OPTIONAL,

t-SteermmgWLAN-r12 T-Reselection
OPTIONAL,

h
-- ASNISTOP

The ficld descriptions of the SysteminformationBlockTypel 7 are described 1in Table

12
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- wlanOffload-Common
- The RAN assistance parameters for traffic steering between E-UTRAN and WLAN applicable

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

- wlanOffload-PerPMN-List

- The RAN assistance parameters for traffic steering between E-UTRAN and WLAN per PLMN,
listed 1n the same order as the PLMN(s) occur 1n plmn-IdentityList in
SystemInformationBIOCKTYPEL. | | ||| e

thresholdRSRP-Low
- Indicates the RSRP threshold (in dBm) used by the UE for tratfic steering to WLAN. Parameter:

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

thresholdRSRP-High
- Indicatcs the RSRP threshold (in dBm) uscd by the UE for traffic stecring to E-UTRAN.

PThrTATAAATALTATATAT AT AT AT A A A AT A A AT AT A LA TR AR AT A A A E R E A A e A R L L e A AR e e e e r m e a e L A A A A A A A A L R A A A A A A A R R R R M M M M e e A A M M M M M M A A A T M T R M e R R M e e R R A R R R R e e ey

thresholdRSRQ-Low
Indicates the RSRQ threshold (in dB) used by the UE for traffic steering to WLAN. Parameter:
- Threshsenineofoadwr AN, Lowo Used 1n ANSTS rules described herein.

L
:\\‘\‘\\\\\\\\\\\\\\‘\\\\\\\\\\\ L N N L L L N Y S N Y L Y N S N Y N S S S L L L S L S Y LN Y Y N N N N L L L L N S N L L Y Y S LN e Y N N N L S S N Y L L L Y Y Y Y N L Y Y N N N S N LY S Y L L S Y S N S NN \
]

thresholdRSRQ-High
Indicates the RSRQ threshold (in dB) used by the UE for traffic steering to E-UTRAN.

- Parameter: Threshservineofoadwian, Hieno Used in ANSTS rules described herein.

N
‘\ “““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ 'N.
N

 thresholdRSSI-Low
Indicates the Beacon RSSI threshold used by the UE for traffic steering to E-UTRAN.

L R N N L. \\\\\\\\\\@‘\‘\‘\\\\\\\\\\\\\\‘\\\\\\\\\\'L\\\‘\‘\‘\\\\\\\\\\\\‘\‘\‘\\\\\\\\\\\\\\‘\\\\\.\\\\.\\\‘\‘\‘\\\\\\\\\\\\\\‘\‘\\\\\\\\\\\\‘\\\‘\\\\\\\\\\H‘\\\\\\\\\\\\\\‘\.

thresholdRSSI-High
Indicatcs the Becacon RSSI threshold usced by the UE for traffic steering to WLAN.
- Parameter: Threshrssimran

be
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thresholdChannelUtilization-Low
Indicates the WLAN channel utilization (BSS load) threshold used by the UE for tratfic steering

- to WLAN. Parameter: Threshenuiwian 1.ow USed 1n ANSTS rules described herein.

]
]
) 1 N
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
]

- thresholdChannelUtilization-High
Indicates the WLAN channel utilization (BSS load) threshold used by the UE for traffic steering

to E-UTRAN. Parameter: Threshcyuiwr ax, mign used in ANSTS rules described herein.
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thresholdBackhaulDLBandwidth-Low 5
Indicates the backhaul available downlink bandwidth threshold used by the UE for traffic steering |
to E-UTRAN. Parameter: ThreshpackhrateDLWLAN, Low US€d 11 ANSTS rules described herein. Value
in kilobits/second. :

]
. N
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]

- thresholdBackhaulDLBandwidth-High E
Indicates the backhaul available downlink bandwidth threshold used by the UE for traffic steering |

to WLAN. Parameter: Threshgacknratent.wraN, migh us€d 1n ANSTS rules described herein. Value in
- kilobits/second.
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thresholdBackhaulUL Bandwidth-Low

- Indicates the backhaul available uplink bandwidth threshold used by the UE for traffic steering to |
- E-UTRAN. Parameter: ThreshpackhrateULWLAN, Low Used in ANSTS rules described herein. Value in
- kilobits/second. 5

\
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- thresholdBackhaul UL Bandwidth-High :
Indicates the backhaul available uplink bandwidth threshold used by the UE for traffic steering to
- WLAN. Parameter: Threshgackhrateur wr.an, migh used in ANSTS rules described herein. Value in -+
- kilobits/second.

\\\\\\\\\\\\\\\\\\\@\\\\1\\\\\\\\\\\\\\\\x\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\.\1.\\\\\\\\\\\\\\\\'\.\\\'\\\\'\.\\\'\.\\\'\.1.\'\'\.\\\'\.\\\\.\\\\.\1.\\\\\\\\\\\\\\\\'\.\\\'\\\\'\.\\\'\.\\\'\.1.\'\'\.\\\\.\\\\.\\\\\\\\\\\\\\\\x\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\1\\\@\\\\\\x\\\\\\\.
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t-SteeringWLAN
Indicates the timer value during which the rules should be fulfilled before starting traffic steering

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

In some embodiments, 1f the UE 104 has been provisioned with ANDSF policies
as defined in 3GPP TS 24.312 v12.4.0 (March 17, 2014), then upon receiving the RAN
assistance parameters in the SystemInformationBlockTypel7, the lower layers of the UE
104 may provide the RAN assistance parameters for access network selection and traffic
steering between EUTRAN and WLAN to the upper layers of the UE 104,

SystemInformationBlockTypel& information element may have an ANS format as

indicated below 1n accordance with some embodiments.

- ASNISTART

SystemInformationBlockTypel8-rl12 ::= SEQUENCE {
wlanldentifiersListPerPLMN-r12
WlanldentifiersListPerPLMN-r12 OPTIONAL,
lateNonCritical Extension OCTET STRING

OPTIONAL

f
WilanldentifiersListPerPLMN-r12 ::=SEQUENCE (SIZE (1. maxPLMN-r11)) OF
WlanldentifiersList-r12
WilanldentifiersList-r12 ::= SEQUENCE (SIZE (1..maxWLANId-r12)) OF
Wilanldentifier-r12
Wilanldentifier-r12 ::= OCTET STRING (SIZE (FFS))
-- ASNISTOP

The wlanldentifiersListPerPLMN may be a list of WLAN 1dentifiers for WLAN
access network selection per PLMN, listed in the same order that the PLMNS occur 1n

plmn-IdentityList in SystemiInformationBlockTypel. The list of WLAN 1dentifiers may

14
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indicatc which WLANSs thc UE 104 may conncct to if 1t 18 not provisioncd with ANDSF
policies.

In some embodiments changes to SIB types in addition to the SIBTypes that
actually carry the RAN assistance parameters may be instituted to account for the RAN
assistance parameters. For example, a SystemiInformationBlockTypel Message may be

updated to include an ASN as follows.

-- ASNISTART
SystemInformationBlockTypel ::= SEQUENCE {
cellAccessRelatedInfo SEQUENCE {
plmn-IdentityList PLMN-IdentityList,
trackingArcaCode TrackingArecaCode,
cellldentity Cellldentity,
cellBarred ENUMERATED {barred, notBarred},
intraFreqReselection ENUMERATED {allowed,
notAllowed},
csg-Indication BOOLEAN,
csg-ldentity CSG-ldentity  OPTIONAL -- Need
OR
fs
cellSelectionlnfo SEQUENCE {
q-RxLevMin Q-RxLevMin,
q-RxLevMinOffset INTEGER (1..8) OPTIONAL -
- Need OP
s
p-Max P-Max OPTIONAL, -- Need
OP
freqBandIndicator FreqBandlIndicator,
schedulingInfol ist SchedulingInfol ist,
tdd-Config TDD-Config OPTIONAL, --Cond
TDD
s1-WindowLcngth ENUMERATED

msl, ms2, ms5, msl0, ms15, ms20,

ms40},

15
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systcmInfoValucTag INTEGER (0..31),
nonCriticalExtension SystemlInformationBlockTypel-v890-1Es
OPTIONAL --Need OP
f
SystemInformationBlock Typel-v890-IEs::= SEQUENCE {
lateNonCriticalExtension ~ OCTET STRING (CONTAINING
SystemInformationBlockTypel-v8h0-IEs) OPTIONAL, -
- Need OP
nonCriticalExtension SystemInformationBlockTypel-v920-IEs OPTIONAL -
- Need OP
b
-- Late non critical extensions
SystemInformationBlockTypel-v8h0-IEs ::= SEQUENCE {
multiBandInfoList MultiBandInfolList OPTIONAL, --Need
OR
nonCritical Extension SystemInformationBlockTypel-v9¢0-1Es
OPTIONAL --Need OP
f
SystemInformationBlockTypel-v9e0-IEs ::= SEQUENCE §
freqBandIndicator-v9e() FreqBandIndicator-v9e0) OPTIONAL, -- Cond FBI-

max
multiBandInfoList-v9e0 MultiBandInfoL1st-v9¢0 OPTIONAL, -- Cond
mEBIl-max
nonCriticalExtension SEQUENCE {} OPTIONAL -- Need
OP
b
-- Regular non critical extensions
SystemInformationBlockTypel-v920-IEs ::= SEQUENCE {
ims-EmergencySupport-r9  ENUMERATED ({true} OPTIONAL, --Need
OR
ccllSclectionInfo-v920 CcllSclectionInto-v920 OPTIONAL, --Cond
RSRQ
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nonCriticalExtcnsion SystcmInformationBlockTypcl-v1130-1Es
OPTIONAL --Need OP
h
SystemInformationBlockTypel-v1130-IEs ::= SEQUENCE {
tdd-Config-v1130  TDD-Contfig-v1130 OPTIONAL, --Cond TDD-OR
cellSelectionlnfo-v1130 CellSelectionInto-v1130 OPTIONAL, -- Cond WB-
RSRQ
nonCritical Extension SEQUENCE {} OPTIONAL -- Need
OP
b
PLMN-IdentityList ::= SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-
[dentityInfo
PLMN-IdentityInfo ::= SEQUENCE {
plmn-Identity PLMN-Identity,
ccllReservedForOperatorUse ENUMERATED {reserved, notReserved}

|
S

Schedulinglnfollist ::= SEQUENCE (SIZE (1..maxS1-Message)) OF Schedulinglnfo
Schedulinglntfo ::== SEQUENCE |
si-Periodicity ENUMERATED ¢{

rf¥, rf16, rt32, rt64, rf128, rf256, rt512},

sib-MappingInfo SIB-Mappinglnfo
h
SIB-Mappinglnfo ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type
SIB-Type ::= ENUMERATED {
sibType3, sibTyped, sibTypes, sibTypeb,
sibType7, sibTypes, sibType9, sibTypelO,
sibTypell, sibTypel2-v920, sibTypel3-v920,
sibTypel4-v1130, sibTypel5-v1130,
sibTypel6-v1130, sibTypel7-v12xy, sibTypel8-v12xy, ...}
CellSelectionInfo-v920 ::= SEQUENCE {
q-QualMin-r9 Q-QualMin-19,
q-QualMinOffset-r9 INTEGER (1..8) OPTIONAL -- Need
OP
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;
CellSelectionIlnfo-v1130 ::= SEQUENCE {

q-QualMmWB-rl11 Q-QualMin-r9Y
f
-- ASN1STOP

As can be seen, SIB-Type may include SIB-type 17 and 18, which may carry the
RAN assistance parameters as described above.

The field descriptions of SystemInformationBlockTypel may be 1 accordance
with 3GPP TS 36.331 v.12.1.0 (March 19, 2014) .

In some embodiments, the system information containing the RAN access
parameters may be referred to as “required” system information of which the UE 104, if in
RRC CONNECTED, should ensure having a valid version.

In some embodiments, the RAN access parameters may be provided in dedicated
signaling such as an RRCConnectionReconfiguration message. The
RR CConnectionReconfiguration message may be the command to modify an RRC
connection. It may convey information for measurement configuration, mobility control,
radio resource configuration (including radio bearers, MAC Main configuration and
physical channel configuration) including any associated dedicated NAS information
security configuration. The RRCConnectionReconfiguration message may be transmitted
to the UE 104 on signal radio bearer 1 (SRB1) 1n the downlink control channel (DCCH)
and may have an acknowledged mode (AM) RLC-SAP. In some embodiments, the
RRCConnectionReconfiguration message may have an ASN as shown below.
--ASNISTART
RR CConnectionReconfiguration ::= SEQUENCE {

rrc-Transactionldentifier RRC-Transactionldentifier,
criticalExtensions CHOICE {

cl
CHOICE{

rrcConnectionReconfiguration-rd
RRCConnectionReconfiguration-r8-1Es,

sparc/ NULL

sparc6 NULL, spare5> NULL, spare4 NULL,

spare3 NULL, sparc2 NULL, sparcl NULL
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s
critical ExtensionsFuture SEQUENCE {}
j
f
RR ConnectionReconfiguration-r8-1Es ::= SEQUENCE §
measConfig MeasConfig OPTIONAL, --Need
ON
mobilityControllnfo MobilityControllnfo OPTIONAL, --Cond
HO
dedicatedInfoNASList SEQUENCE (SIZE(1...maxDRB)) OF
DedicatedInfoNAS OPTIONAL, --CondnonHO
radioResourceConfigDedicated RadioResrouceConfigDedicated
OPTIONAL, --
Cond HO-toEUTRA
sccurityConfigHO SccurityConfigHO
OPTIONAL, --Cond HO
nonCriticalExtension RRCConnectionReconfiguration-
v890-1Es OPTIONAL -- Need OP
h

RRCConnectionReconfiguration-v890-1Es ::= SEQUENCE {

lateNonCriticalExtension OCTET STRING
OPTIONAL, -- Need OP
nonCriticalExtension RRCConnectionReconfiguration-
v920-1Es OPTIONAL -- Need OP
j
RR CConncctionRcconfiguration-v920-1Es ::= SEQUENCE {
otherConfig-r9 otherConfig-r9
OPTIONAL, -- Need ON
fullConfig-r9
OPTIONAL, -- Cond HO-Reestab
nonCriticalExtension

RRCConnectionReconfiguration
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v1020-1Es OPTIONAL

f

RRCConnectionRecontiguration-v1020-1Es
sCellToReleaseList-r10
OPTIONAL, -- Need ON
sCellToAddModList-r10
OPTIONAL, -- Need ON

nonCritical Extension

RR CConnectionReconfiguration-

V1130-IEs  OPTIONAL -- Need OP
j

RRCConnectionReconfiguration-v1130-1Es

systeminformationBlockTypelDedicated-rl |

2016-10-05

-- Nccd OP

::= SEQUENCE {

PCT/US2015/027123

SCellToReleaselist-r10

SCellToAddModList-r10

::= SEQUENCE {

(CONTAINING SystcmInformationBlockTypcl)

OPTIONAL, --Need ON

nonCritical Extension

RR CConnectionReconfiguration-
v12xy-1Es
OP

j

RR CConnectionReconfiguration-v12xy-IEs
wlanOffloadParamDedicated-r12
wlanOffloadParamDedicated-12

nonCriticalExtension

OPTIONAL

::= SEQUENCE {

OCTET STRING

-- Need

OPTIONAL,

SEQUENCE {}

OPTIONAL -- Need OP

f
SCellToAddModList-r10 ::= SEQUENCE (SIZE(1..maxSCell-r10)) OF
SCellToAddMod-r10
SCellToAddMod-r10 ::= SEQUENCE {
sCelllndex-r10 SCelllndex-r10,

cellldentification-r10

physCellld-r10

SEQUENCE {
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dl-CarricrFrcg-r10 ARFCN-ValucEUTRA

OPTIONAL, --Cond SCellAdd
radioResourceConfigCommonSCell-r10 RadioR esourceConfigCommonSCell-
rl0  OPTIONAL, --Cond SCellAdd
radioResourceConfigDedicatedSCell-r10
RadioResourceConfigDedicatedSCell-r10  OPTIONAL, -- Cond SCellAdd2
il dl-CarrierFreg-v1090 ARFCN-ValucEUTRA-v9¢0
OPTIONAL -- Cond EARFCN-max

11

b
SCellToReleaseList-r10 ::= SEQUENCE (SIZE (1..maxSCell-r10)) OF
SCelllndex-r10
SecurityConfigHO ::= SEQUENCE {
handoverType CHOICE {
intralLTE SEQUENCE {
securityAlgorithmConfig
Security AlgorithmConfig OPTIONAL, --Cond fullConfig
keyChangelndicator BOOLEAN,
nextHopChainingCount
NextHopChainingCount
b
interRAT SEQUENCE {
securityAlgorithmConfig
SecurityAlgorithmConfig,
nas-SecurityParamToEUTRA OCTET STRING
(SIZE(6))
j
fs
h
-- ASN1STOP
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The field descriptions of the RRCConnectionReconfiguration message are

described in Table 2a and the conditional terms are described 1in Table 2b.

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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- dedicatedInfoNASList
. This ficld 15 uscd to transter UE specific NAS laycer information between the network and the UE. The RRC laycer 1s transparcnt
. for each PDU in the list.
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. keyChangelndicator
true 1s used only in an intra-cell handover when a K.xg key 1s derived from a Kagyr key taken mto use through the latest
. successful NAS SMC procedure, as described in 3GPP TS 33.401 v.12.10.0 (December 20, 2013) for K.np re-keying. false is used

m an intra-LTE handover when the new Ko key 1s obtained from the current Keys key or from the NH as desceribed in TS

" nas-securityParamToEUTRA
This field 1s used to transter UE specitic NAS layer information between the network and the UE. The RRC layer is transparent
- for this field, although it affects activation of AS- security after inter-RAT handover to E-UTRA. The content 1s defined in TS
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. nextHopChainingCount
. Paramcter NCC: Sce TS 33.401.

)
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Table 2a

,,,,,,,,, Conditionalpresence {  Explamation
FARFCN-max The field is mandatory present if di-CarrierFreqg-ri0 is included and set to maxFEARFCN. \
S —— 1 Otherwise the field is not present, e

JullConfig . This field is mandatory present for handover within E-UTRA when the fi:/iConfig is included,;
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ | Otherwise it is optionally present, Need OP. e
HO The tield 1s mandatory present in case ot handover within E-UTRA or to E-UTRA; otherwise the ;
R — B T T ——— =
- HO-Reestab This ficld 1s optionally present, nced ON, 1n casc of handover within E-UTRA or upon the first ~=
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _reconfiguration after RRC connection re-establishment; otherwise the field is not present.
- 11O-toLUTRA The field 1s mandatory present in case of handover to E-UTRA or for reconfigurations when ‘:
........................................................... | JullConfig is included; otherwise the field is optionally present,need ON.

nonHQO The l[ield 1s not present in case ol handover within E-UTRA or 1o E-UTRA; otherwise 1t 1s optional
.............................................. L e O T —
 SCellddd . _The field is mandatory present upon SCell addition; otherwise it is not present. f
SCeliddd2 i The field is mandatory present upon SCell addition; otherwise it is optionally present, need ON. |

Table 2b

The WianOffloadParamDedicated information element of the
RRCConnectionReconfiguration message may contain information relevant for traffic
steering between EUTRAN and WLAN. The WianOffloadParamDedicated may have an

ANS format as indicated below 1n accordance with some embodiments.

-- ASNISTART
WlanOffloadParamDedicated-r12 ::=SEQUENCE {
wlanQOffload-Param-rl2 WlanOftload-Param-rl2

OPTIONAL, -- Need ON
wlanldentifiersList-r12 WilanldentifiersList-r12
OPTIONAL, -- Need ON
t3350 ENUMERATED {
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FFS}
OPTIONAL, -- Need OR

f
-- ASN1ISTOP

t350 may be a validity time for RAN assistance parameters. The UE 104 may start
a validity timer, T350, upon the UE 104 entering RRC IDLE with the validity time t350
received for RAN assistance parameters. If the UE 104 engages 1n cell reselection or
handover, 1t may stop the validity timer. If the validity timer expires, the UE 104 may
discard the RAN assistance parameters provided by dedicated signaling.

Figure 2 1s a flowchart depicting a traffic steering operation 200 of a user
cquipment, for example, UE 104, in accordance with some embodiments. In some
cmbodiments, the UE 104 may include circuitry to perform the traffic-steering operation
200. For example, the UE 104 may include on¢ or more non-transitory computer-readable
media having instructions that, when executed, cause the UE to perform the traffic-
steering operation 200. Dedicated circuitry may additionally/alternatively be used to
perform one or more aspects of the tratfic-steering operation 200.

The traftic steering operation 200 may include, at 204, the UE 104 determining
RAN assistance parameters. In some embodiments, the UE 104 may determine the RAN
assistance parameters by processing messages received from the configuration circuitry
156, which may be 1n the network controller 148 or the eNB 116. In embodiments 1n
which the configuration circuitry 156 1s located 1 the network controller 148, the RAN
assistance parameters may be provided to the UE 104 through the eNB 116. The RAN
assistance parameters may be provided to the UE 104 from the eNB 116 through dedicated
or broadcast signaling.

The traffic steering operation may include, at 208, the UE 104 determining
whether conditions of the access networks (ANSs), for example, the EUTRAN and the
WLAN, satisfy ANSTS rules for a predetermined period of time. The determination at 208
may be based on the RAN assistance parameters received at 204. The UE 104 may set a
timer with a value, for example, TSteeringWLAN, and may monitor the conditions until
cxpiration of th¢ timer.

The conditions of the ANs may be determined by direct measurement, from reports

from nodes of the ANs, for example, AP 124 or eNB 116, or a combination of the two.
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If, at 208, thc UE dctcrmincs the ANs satisty the predctermined conditions for the
predetermined period of time, the UE may steer tratfic to the appropriate access network at
212. In some embodiments, the access stratum of the control circuitry 108 may monitor
the conditions and notify a non-access stratum of the control circuitry 108 of the
satisfaction of the conditions. At such time, the non-access stratum may 1nitiate transfer of
traffic, for example, all EPS bearers of a particular APN, to the targeted access node.

Figure 3 1s a flowchart depicting a configuration operation 300 of network node,
for example, eNB 116 or network controller 148, in accordance with some embodiments.
In some embodiments, the network node may include circuitry to perform the
configuration operation 300. For example, the network node may include one or more
non-transitory computer-readable media having instructions that, when executed, cause the
network node to perform the configuration operation 300. Dedicated circuitry may
additionally/alternatively be used to perform one or more aspects of the configuration
operation 300. In some embodiments, some of the aspects of the configuration operation
300 may be performed by a first network node, for example, network controller 14¥, while
other aspects of the configuration operation 300 may be performed by a second network
node, for example, eNB 116.

The configuration operation 300 may mclude, at 304, the network node
determining RAN access parameters. In some embodiments, the network node may be
preconfigured with at least some of the RAN access parameters (WLAN 1dentifiers) or
receive them 1n reports from other nodes. In some embodiments, the network node may
calculate at least some of the RAN access parameters. For example, the network node may
calculate various thresholds based on 1its load.

The configuration operation 300 may mclude, at 308, transmitting system
information (SI) messages that include the RAN access parameters. The SI messages may
include SystemInformationBlockTypel SystemInformationBlockTypel7, or
SystemInformationBlockTypel8 messages as discussed above. In some embodiments, the
SI messages may be transmitted (periodically, event-driven, or otherwise) as broadcast
signaling.

The configuration operation 300 may include, at 312, the network node
dctermining whether dedicated signaling 1s nceded. Dedicated signaling may be uscd 1f the
network node determines specific or updated RAN access parameters should be provided

to a particular UE.
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If, at 312, 1t 1s dctermunced that dedicated signaling 1s not ncedced, the configuration
operation 300 may loop back to the transmission of the SI messages.

If, at 312, 1t 1s determined that dedicated signaling 1s needed, the configuration
operation 300 may advance to 316 with the network node transmitting an RRC message
that includes any specific or updated RAN access parameters to the UE.

Following 316, the configuration operation 300 may loop back to the transmission
of the SI messages at 308.

The UE 104, eNB 116, or network controller 148 as described herein may be
implemented into a system using any suitable hardware, firmware, or software configured
as desired. Figure 4 illustrates, for one embodiment, an example system 400 comprising
radio frequency (RF) circuitry 404, baseband circuitry 408, application circuitry 412,
memory/storage 416, display 420, camera 424, sensor 428, input/output (1/0) interface
432, or network interface 436 coupled with each other as shown.

The application circuitry 412 may include circuitry such as, but not limited to, one
or more single-core or multi-core processors. The processor(s) may include any
combination of general-purpose processors and dedicated processors (€.g., graphics
processors, application processors, ¢tc.). The processors may be coupled with
memory/storage 416 and configured to execute instructions stored 1n the memory/storage
416 to enable various applications or operating systems running on the system 400.

The baseband circuitry 408 may include circuitry such as, but not limited to, one or
more single-core or multi-core processors such as, for example, a baseband processor. The
baseband circuitry 408 may handle various radio control functions that enable
communication with one or more radio access networks via the RF circuitry 404. The
radio control functions may include, but are not limited to, signal modulation, encoding,
decoding, radio frequency shifting, etc. In some embodiments, the baseband circuitry 408
may provide for communication compatible with one or more radio technologies. For
cxample, 1n some embodiments, the baseband circuitry 408 may support communication
with an EUTRAN or other wireless metropolitan arca networks (WMAN), a wireless local
arca nctwork (WLAN), or a wireless personal area network (WPAN). Embodiments 1n
which the baseband circuitry 408 1s configured to support radio communications of more
than onc wirclcss protocol may be rcferred to as multi-modc bascband circuitry.

In various embodiments, bascband circuitry 408 may include circuitry to operate

with signals that are not strictly considered as being in a baseband frequency. For
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cxamplc, in somc cmbodiments, bascband circuitry 408 may includc circuitry to opcrate
with signals having an intermediate frequency, which 1s between a basecband frequency
and a radio frequency.

In some embodiments, the control circuitry 108 or 140, or the configuration
circuttry 156 may be embodied 1 the application circuitry 412 or the baseband circuitry
408.

RF circuitry 404 may enable communication with wireless networks using
modulated electromagnetic radiation through a non-solid medium. In various
ecmbodiments, the RF circuitry 404 may include switches, filters, amplifiers, etc., to
facilitate the communication with the wireless network.

In various embodiments, RF circuitry 404 may include circuitry to operate with
signals that are not strictly considered as being 1in a radio frequency. For example, in some
embodiments, RF circuitry 404 may include circuitry to operate with signals having an
intermediate frequency, which 1s between a baseband frequency and a radio frequency.

In some embodiments, the EUTRAN radio 112, the WLAN radio 120, or the
wireless transceiver 136 may be embodied 1in the RF circuitry 404.

In some embodiments, some or all of the constituent components of the baseband
circuitry 408, the application circuitry 412, or the memory/storage 416 may be
implemented together on a system on a chip (SOC).

Memory/storage 416 may be used to load and store data or instructions, for
example, for system 400. Memory/storage 416 for one embodiment may include any
combination of suitable volatile memory (¢.g., dynamic random access memory (DRAM))
or non-volatile memory (e.g., Flash memory).

In various embodiments, the I/0 interface 432 may include one or more user
interfaces designed to enable user interaction with the system 400 or peripheral component
interfaces designed to enable peripheral component interaction with the system 400. User
interfaces may include, but are not limited to, a physical keyboard or keypad, a touchpad,
a speaker, a microphone, ¢tc. Peripheral component interfaces may include, but are not
l[imited to, a non-volatile memory port, a universal serial bus (USB) port, an audio
jack, and a power supply interface.

In various cmbodiments, scnsor 428 may includc onc or morc scnsing dcvicces
to determine environmental conditions or location information related to the system 400.

In some embodiments, the sensors may include, but are not limited to, a gyro sensor, an
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accclcromcter, a proximity scnsor, an ambicnt light scnsor, and a positioning unit. The
positioning unit may also be part of, or interact with, the bascband circuitry 408 or RF
circuitry 404 to communicate with components of a positioning network, ¢.g., a global
positioning system (GPS) satellite.

In various embodiments, the display 420 may include a display (e.g., a liquid
crystal display, a touch screen display, etc.).

In various embodiments, the network interface 436 may include circuitry to
communicate over one or more wired networks. The transceiver 144 or 152 may be
cmbodied in the network interface 436.

In various embodiments, the system 400 may be a mobile computing device
such as, but not limited to, a laptop computing device, a tablet computing device, a
netbook, an ultrabook, a smartphone, etc.; or a network node, ¢.g., an eNB or network
controller. In various embodiments, system 400 may have more or fewer components, or
different architectures.

The following paragraphs describe examples of various embodiments.

Example 1 includes a user equipment (UE) comprising: a first radio to
communicate via an evolved universal terrestrial radio access network (EUTRAN); a
second radio to communicate via a wireless local area network (WLAN); and control
circuitry coupled with the first and second radios, the control circuitry to receive, 1n a
broadcast system information block or a radio resource control (RRC) connection
reconfiguration message dedicated to the UE, radio access network (RAN) assistance
parameters for access network selection and trattic steering between the EUTRAN and the
WLAN; and steer traffic through the first radio or the second radio based on the RAN
assistance parameters.

Example 2 includes the UE of example 1, wherein the RAN assistance parameters
are first RAN assistance parameters in the RRC connection reconfiguration message, and
the control circuitry 1s further to: receive second RAN assistance parameters in the system
information block; discard the second RAN assistance parameters; and

save the first RAN assistance parameters.

Example 3 includes the UE of any of examples 1-2, wherein the control circuitry 18
to rcecive the RAN assistance paramctcers 1n an information clement 1n the RRC

connection reconfiguration message.
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Examplc¢ 4 includces the UE of cxample 3, whercin the RAN assistance paramctcers
include a timer value and the control circuitry 1s to: set a timer with the timer value; start
the timer upon entering an RRC 1dle mode; and discard the RAN assistance parameters
received in RRC connection reconfiguration message upon expiration of the timer.

Example 5 includes the UE of any of examples 1-4, wherein the RAN assistance
parameters include a WLAN 1dentifier that corresponds to the WLAN, a reference signal
recetved power (RSRP) threshold value, and a reference signal recerved quality (RSRQ)
threshold value, and the control circuitry 18 further to: transmait traffic over the EUTRAN
via the first radio; determine that a measured cell receive level value of the EUTRAN 1s
less than the RSRP threshold or a measured cell quality value of the EUTRAN 1s less than
the RSRQ threshold; and steer traffic to the WLAN via the second radio based on said
determination that the measured RSRP of the EUTRAN 1s less than the RSRP threshold or
the measured RSRQ of the EUTRAN 1s less than the RSRQ threshold.

Example 6 includes the UE of example 5, wherein the RAN assistance parameters
further include a WLAN channel utilization threshold, a WLAN downlink backhaul rate
threshold, a WLAN uplink backhaul rate threshold, and a WLAN beacon recerved signal
strength indicator (RSSI) threshold, and the control circuitry 1s further to: determine that a
WLAN channel utilization 18 less than the WLAN channel utilization threshold, a WLAN
downlink backhaul rate 1s greater than the WLAN downlink backhaul rate threshold, a
WLAN uplink backhaul rate 1s greater than the WL AN uplink backhaul rate threshold, and
a beacon RSSI 1s greater than the WLAN beacon RSSI threshold; and steer trattic to
the WLAN via the second radio based further on said determination that the WLAN
channel utilization 1s less than the WLAN channel utilization threshold, the WLAN
downlink backhaul rate 1s greater than the WLAN downlink backhaul rate threshold, the
WLAN uplink backhaul rate 1s greater than the WLAN uplink backhaul rate threshold, and
the beacon RSSI 1s greater than the WLAN beacon RSSI threshold.

Example 7 includes the UE of any of examples 1-6, wherein the RAN assistance
parameters include a WLAN channel utilization threshold, a WLAN downlink backhaul
rate threshold, a WLAN uplink backhaul rate threshold, a WLAN beacon received signal
strength indicator (RSSI) threshold, and a WLAN beacon received signal strength
indicator (RSSI) threshold; and the controller 1s further to: transmut traffic over the WLAN
via the second radio; determine a WLAN channel utilization 1s greater than the WLAN

channel utilization threshold, a WLAN downlink backhaul rate 1s less than the WLAN
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downlink backhaul ratc threshold, a WLAN uplink backhaul ratc 1s Icss than thc WLAN
uplink backhaul rate threshold, or a beacon RSSI 1s less than the WLAN beacon RSSI
threshold; and steer trattic to the EUTRAN via the first radio based on said determination
that the WLAN channel utilization 18 greater than the WLAN channel utilization threshold,
the WLAN downlink backhaul rate 1s less than the WLAN downlink backhaul rate
threshold, the WLAN uplink backhaul rate 1s less than the WLAN uplink backhaul rate
threshold, or the beacon RSSI is less than the WLAN beacon RSSI threshold.

Example 8 includes the UE of example 7, wherein the RAN assistance parameters
further include a reference signal received power (RSRP) threshold value and a reference
signal received quality (RSRQ) threshold value, and the control circuitry 1s further to:
determine a measured cell recerve level value of the EUTRAN 15 greater than the RSRP
threshold and a measured cell quality value of the EUTRAN 1s greater than the RSRQ
threshold; and steer tratfic to the EUTRAN via the first radio based on said determination
that the measured cell recerve level value corresponding to the EUTRAN 1s greater than
the RSRP threshold and the measured cell quality value corresponding to the EUTRAN 158
greater than the RSRQ threshold.

Example 9 includes the UE of any of examples 1-8, further comprising: multi-
mode baseband circuitry coupled with the first and second radios.

Example 10 includes enhanced node B (eNB) circuitry comprising: control
circuitry to determine a set of RAN assistance parameters for each of a plurality of public
land mobile networks (PLMNs) served by the eNB, wherein individual sets of the RAN
assistance parameters include first evolved universal terrestrial radio access network
(EUTRAN) thresholds for steering traffic from an EUTRAN to a wireless local area
network (WLAN), second EUTRAN thresholds for steering traffic from a WLAN to an
EUTRAN, first WLAN thresholds for steering traffic from an EUTRAN to a WLAN, and
sccond WLAN thresholds for steering tratfic from a WLAN to an EUTRAN; and to
generate dedicated or broadcast signaling messages that include the RAN assistance
parameters for each of the plurality of PLMNSs; and a wireless transceiver to transmit the
dedicated or broadcast signaling messages to one or more user equipments (UES) in the
EUTRAN cell.

In somc cmbodiments, the ¢NB circuitry of cxamplc 10 may further includc a

transceiver to receive a first RAN assistance parameter of the set of RAN assistance
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paramctcrs from a nctwork nodc, whercin the first RAN assistance paramceter 18 a WLAN
1identifier.

Example 11 includes the eNB circuitry of example 10, wherein the control
circuitry 18 to generate system information blocks that include the RAN assistance
parameters and the wireless transceiver 1s to transmit the system information blocks.

Example 12 includes the eNB circuitry of example 10, wherein the control
circultry 1s to generate a radio resource control (RRC) connection reconfiguration message
that includes the RAN assistance parameters, and the wireless transcerver 1s to transmit the
RRC connection reconfiguration messages.

Example 13 includes the eNB circuitry of any of examples 10-12, wherein the first
EUTRAN thresholds include a first reterence signal received power (RSRP) threshold or a
first reference signal recerved quality (RSRQ) threshold, and the second EUTRAN
thresholds include a second RSRQ threshold or a second RSRQ threshold.

Example 14 includes the eNB circuitry of any of examples 10-13, wherein the first
WLAN thresholds include a first channel utilization threshold, a first WLAN downlink
backhaul rate threshold, a first WLAN uplink backhaul rate, or a first WLAN beacon
received signal strength indicator (RSSI) and the second WLAN thresholds include a
second channel utilization threshold, a second WLAN downlink backhaul rate threshold, a
second WLAN uplink backhaul rate, or a second WLAN beacon received signal strength
indicator (RSSI).

Example 15 includes one or more non-transitory computer-readable media having
instructions that, when executed, cause a user equipment (UE) to: process a system
information message or a radio resource control (RRC) message to determine radio access
network (RAN) assistance parameters; determine conditions of first and second access
networks; determine that the conditions of the first and second access networks satisfy
access network selection and traffic steering (ANSTS) rules for a predetermined period of
time based on the RAN assistance parameters; and steer traffic from the first access
network to the second access network based on said determination that the conditions of
the first and second access networks satisty the ANSTS for the predetermined period of
time.

Examplc 16 includcs the onc or morce non-transitory computcr-rcadable media of
cxample 15, wherein the RAN assistance parameters include first evolved universal

terrestrial radio access network (EUTRAN) thresholds for steering tratfic from an
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EUTRAN to a wirclcss local arca nctwork (WLAN), sccond EUTRAN thrcsholds for
steering traffic from a WLAN to an EUTRAN, first WLAN thresholds for steering trattfic
from an EUTRAN to a WLAN, and second WLAN thresholds for steering tratfic from a
WLAN to an EUTRAN.

Example 17 includes the one or more non-transitory computer-readable media of
any of examples 15-16, wherein the first access network 1s an evolved universal terrestrial
radio access network (EUTRAN), the second access network 1s a wireless local area
network (WLAN), the RAN assistance parameters include a WLAN 1dentifier that
corresponds to the WLAN, a reference signal received power (RSRP) threshold value, and
a reference signal received quality (RSRQ) threshold value, and the instructions, when
executed, further cause the UE to: determine that a measured cell receive level value of the
EUTRAN 1s less than the RSRP threshold or a measured cell quality value of the
EUTRAN is less than the RSRQ threshold; and steer traffic to the WLAN based on said
determination that the measured RSRP of the EUTRAN 1s Iess than the RSRP threshold or
the measured RSRQ of the EUTRAN 1s less than the RSRQ threshold.

Example 18 includes the one or more non-transitory computer-readable media of
cxample 17, wherein the RAN assistance parameters further include a WLAN channel
utilization threshold, a WLAN downlink backhaul rate threshold, a WLAN uplink
backhaul rate threshold, and a WLAN beacon received signal strength indicator (RSSI1)
threshold, and the instructions, when executed, further cause the UE to: determine that a
WLAN channel utilization 1s less than the WLAN channel utilization threshold, a WLAN
downlink backhaul rate 1s greater than the WLAN downlink backhaul rate threshold, a
WLAN uplink backhaul rate 1s greater than the WLAN uplink backhaul rate threshold, and
a beacon RSSI 1s greater than the WLAN beacon RSSI threshold; and steer traffic to the
WLAN based further on said determination that the WLAN channel utilization 1s less than
the WLAN channel utilization threshold, the WLAN downlink backhaul rate 1s greater
than the WLAN downlink backhaul rate threshold, the WLAN uplink backhaul rate 1s
greater than the WLAN uplink backhaul rate threshold, and the beacon RSSI 1s greater
than the WLAN beacon RSSI threshold.

Example 19 includes the one or more non-transitory computer-readable media of
any of cxamplcs 15-18, whercin the first access nctwork 1s a wircless local arca nctwork
(WLAN), the second access network 1s an evolved universal terrestrial radio access

network (EUTRAN), the RAN assistance parameters include a WLAN channel utilization
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thrcshold, a WLAN downlink backhaul ratc threshold, a WLAN uplink backhaul ratc
threshold, a WLAN beacon received signal strength indicator (RSSI) threshold, and a
WLAN beacon received signal strength indicator (RSSI) threshold; and the instructions,
when executed, further cause the UE to: determine a WLAN channel utilization 18 greater
than the WLAN channel utilization threshold, a WLAN downlink backhaul rate 1s less
than the WLAN downlink backhaul rate threshold, a WLAN uplink backhaul rate 1s less
than the WLAN uplink backhaul rate threshold, or a beacon RSSI s less than the WLAN
beacon RSSI threshold; and steer tratfic to the EUTRAN based on said determination that
the WLAN channel utilization 18 greater than the WLAN channel utilization threshold, the
WLAN downlink backhaul rate 1s less than the WLAN downlink backhaul rate threshold,
the WLAN uplink backhaul rate 1s less than the WLAN uplink backhaul rate threshold, or
the beacon RSSI 1s less than the WLAN beacon RSSI threshold.

Example 20 includes the one or more non-transitory computer-readable media of
example 19, wherein the RAN assistance parameters further include a reference signal
recerved power (RSRP) threshold value and a reference signal received quality (RSRQ)
threshold value, and the instructions, when executed, further cause the UE to: determine a
measured cell recerve level value of the EUTRAN 1s greater than the RSRP threshold and
a measured cell quality value of the EUTRAN 1s greater than the RSRQ threshold; and
steer trattic to the EUTRAN based on said determination that the measured cell receive
level value corresponding to the EUTRAN 1s greater than the RSRP threshold and the
measured cell quality value corresponding to the EUTRAN 1s greater than the RSRQ
threshold.

Example 21 includes a user equipment (UE) comprising: means for processing a
system 1nformation message or a radio resource control (RRC) message to determine radio
access network (RAN) assistance parameters; means for determining conditions of
first and second access networks; means for determining that the conditions of the first and
second access networks satisty access network selection and traffic steering (ANSTS)
rules for a predetermined period of time based on the RAN assistance parameters; and
means for steering traffic from the first access network to the second access network based
on said determination that the conditions of the first and second access networks satisty
thc ANSTS for the predctermined period of time.

Example 22 includes the UE of example 21, wherein the RAN assistance

parameters include first evolved universal terrestrial radio access network (EUTRAN)
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thrcsholds for steering traffic from an EUTRAN to a wirclcss local arca nctwork (WLAN),
sccond EUTRAN thresholds for steering tratfic from a WLAN to an EUTRAN, first
WLAN thresholds for steering tratfic from an EUTRAN to a WLAN, and second WLAN
thresholds for steering tratfic from a WLAN to an EUTRAN.

Example 23 includes the UE of any of examples 21-22, wherein the first access
network 1s an evolved universal terrestrial radio access network (EUTRAN), the second
access network 1s a wireless local area network (WLAN), the RAN assistance parameters
include a WLAN 1dentifier that corresponds to the WLAN, a reference signal recerved
power (RSRP) threshold value, and a reference signal received quality (RSRQ) threshold
value, and the UE further comprises: means for determining that a measured cell receive
level value of the EUTRAN 1s less than the RSRP threshold or a measured cell quality
value of the EUTRAN 1s less than the RSRQ threshold; and means for steering tratfic to
the WLAN based on said determination that the measured RSRP of the EUTRAN is less
than the RSRP threshold or the measured RSRQ of the EUTRAN 1s less than the RSRQ
threshold.

Example 24 includes the UE of example 23, wherein the RAN assistance
parameters further include a WLAN channel utilization threshold, a WLAN downlink
backhaul rate threshold, a WLAN uplink backhaul rate threshold, and a WLAN beacon
recerved signal strength indicator (RSSI) threshold, and the UE further comprises: means
for determining that a WLAN channel utilization 1s less than the WLAN channel
utilization threshold, a WLAN downlink backhaul rate 1s greater than the WLAN
downlink backhaul rate threshold, a WLAN uplink backhaul rate 1s greater than the
WLAN uplink backhaul rate threshold, and a beacon RSSI 1s greater than the WLAN
beacon RSSI threshold; and means for steering traffic to the WLAN based further on said
determination that the WLAN channel utilization 1s less than the WLAN channel
utilization threshold, the WLAN downlink backhaul rate is greater than the WLAN
downlink backhaul rate threshold, the WLAN uplink backhaul rate 1s greater than the
WLAN uplink backhaul rate threshold, and the beacon RSSI 1s greater than the WLAN
beacon RSSI threshold.

Example 25 includes the UE of any of examples 21-24, wherein the first access
nctwork 1s a wircless local arca nctwork (WLAN), the sccond acccss nctwork 1s an
cvolved universal terrestrial radio access network (EUTRAN), the RAN assistance

parameters include a WLAN channel utilization threshold, a WLAN downlink backhaul
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ratc threshold, a WLAN uplink backhaul ratc threshold, a WLAN bcacon received signal
strength 1indicator (RSS1) threshold, and a WLAN beacon received signal strength
indicator (RSSI1) threshold; and the UE further comprises: means for determining a WLAN
channel utilization 1s greater than the WLAN channel utilization threshold, a WLAN
downlink backhaul rate 1s less than the WLAN downlink backhaul rate threshold, a
WLAN uplink backhaul rate 1s less than the WLAN uplink backhaul rate threshold, or a
beacon RSSI 1s less than the WLAN beacon RSSI threshold; and means for steering tratfic
to the EUTRAN based on said determination that the WLAN channel utilization 1s greater
than the WLAN channel utilization threshold, the WLAN downlink backhaul rate 1s less
than the WLAN downlink backhaul rate threshold, the WLAN uplink backhaul rate 1s less
than the WLAN uplink backhaul rate threshold, or the beacon RSSI 1s less than the
WLAN beacon RSSI threshold.

Example 26 includes the UE of example 25, wherein the RAN assistance
parameters further include a reference signal received power (RSRP) threshold value and a
reference signal received quality (RSRQ) threshold value, and the UE further comprises:
means for determining a measured cell receive level value of the EUTRAN 1s greater than
the RSRP threshold and a measured cell quality value of the EUTRAN 1s greater than the
RSRQ threshold; and means for steering tratfic to the EUTRAN based on said
determination that the measured cell receive level value corresponding to the EUTRAN 1s
orcater than the RSRP threshold and the measured cell quality value corresponding to the
EUTRAN i1s greater than the RSRQ threshold.

Example 27 includes a method of operating an enhanced node B (¢eNB)
comprising: receiving a set of RAN assistance parameters for each of a plurality of public
land mobile networks (PLMNSs) served by the eNB, wherein individual sets of the RAN
assistance parameters include first evolved universal terrestrial radio access network
(EUTRAN) thresholds for steering traffic from an EUTRAN to a wireless local arca
network (WLAN), second EUTRAN thresholds for steering traffic from a WLAN to an
EUTRAN, first WLAN thresholds for steering traffic from an EUTRAN to a WLAN, and
second WLAN thresholds for steering traffic from a WLAN to an EUTRAN; generating
dedicated or broadcast signaling messages that include the RAN assistance parameters for
cach of thc plurality of PLMNSs; and transmitting the dcdicated or broadcast signaling

messages to one or more user equipments (UEs) in the EUTRAN cell.
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Example 28 includes the method of example 27, wherein said generating
comprises generating system information blocks that include the RAN assistance
parameters and said transmitting comprises transmitting the system information blocks.

Example 29 includes the method of example 27, wherein said gencrating
comprises generating a radio resource control (RRC) connection recontiguration message
that includes the RAN assistance parameters, and the wireless transceiver 1s to transmit
the RRC connection reconfiguration messages.

Example 30 includes the method of any of examples 27-29, wherein the first
EUTRAN thresholds include a first reference signal received power (RSRP) threshold or
a first reference signal received quality (RSRQ) threshold, and the second EUTRAN

thresholds include a second RSRQ threshold or a second RSRQ threshold.

Example 31 includes the method of any of examples 27-30, wherein the first
WLAN thresholds include a first channel utilization threshold, a first WLAN downlink
backhaul rate threshold, a first WLAN uplink backhaul rate, or a first WLAN beacon
received signal strength indicator (RSSI) and the second WLAN thresholds include a
second channel utilization threshold, a second WLAN downlink backhaul rate threshold,

a second WLAN uplink backhaul rate, or a second WLAN beacon received signal
strength indicator (RSSI).

Example 32 includes an apparatus to perform the method of any of examples 27-
31.

Example 33 includes one or more non-transitory, computer-readable media having
instructions that, when executed, cause an eNB to perform the methods of any of
examples 27-31.

The description herein of illustrated implementations, including what 1s described
in the Abstract, is not intended to be exhaustive or to limit the present disclosure to the
precise forms disclosed. While specific implementations and examples are described |
herein for illustrative purposes, various equivalent modifications are possible within the
scope of the disclosure, as those skilled in the relevant art will recognize. These

modifications may be made to the disclosure in light of the above detailed description.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. One or more computer-readable media having instructions that, when executed,
cause a user equipment (“UE”) to:

determine, based on a radio resource control (“RRC”) connection reconfiguration
message or a system information block message; radio access network (“RAN”)
assistance parameters for access network selection and traffic steering between an
evolved universal terrestrial radio access network (“EUTRAN") and a wireless local area

network (“WLAN”), wherein the RAN assistance parameters include: a WLAN beacon

- recetved signal strength indicator (“RSSI”) threshold; and an EUTRAN reference signal

received power (“RSRP”) threshold or an EUTRAN reference signal received quality
(“RSRQ”) threshold;

determine an EUTRAN RSRP or an EUTRAN RSRQ;

determine, based on a beacon in the WLAN, a WLAN RSSI;
determine a plurality of steering conditions are met for a predetermined time interval, the
plurality of steering conditions to include: the EUTRAN RSRP being less than the
EUTRAN RSRP threshold or the EUTRAN RSRQ being less than the EUTRAN RSRQ
threshold; and the WLAN RSSI being greater than the WLAN beacon RSSI threshold;

steer traffic from a first radio of the UE that communicates via the EUTRAN to a
second radio of the UE that communicates via the WLAN based on said determination

that the plurality of steering conditions are met for the predetermined time interval.

2. The one or more computer-readable media of claim 1, wherein the instructions,
when executed, further cause the user equipment to:
determine, based on a message from an eNB of the EUTRAN, an 1dentifier; and
identify the WLAN based on the identifier.

ﬁ

3. The one or more computer-readable media of claim 2, wherein the 1dentifier is a
service set identifier, a basic service set identifier, or a homogenous extended service set

identifier.

4, The one or more computer-readable media of any one of claims 1 to 3, wherein

the RAN assistance parameters further include a WLAN channel utilization threshold and
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the plurality of steering conditions further include a channel utilization of the WLAN
being less than the WLAN channel utilization threshold.

5. The one or more computer-readable media of any one of claims 1 to 3, wherein
the RAN assistance parameters further include a WLAN downlink backhaul rate

threshold and the plurality of steering conditions further include an available downlink
bandwidth of the WLAN being greater than the downlink WLAN backhaul rate threshold.

6. The one or more computer-readable media of any one of claims 1 to 3, wherein
the RAN assistance parameters further include a WLAN uplink backhaul rate threshold

and the plurality of steering conditions further include an available uplink bandwidth of

the WLAN being greater than the uplink WLAN backhaul rate threshold.

7. The one or more computer-readable media of any one of claims 1 to 3, wherein
the RAN assistance parameters further include a timer parameter to provide the

predetermined time interval.

8. An apparatus comprising:
a wireless local area network (“WLAN”) radio to receive a beacon from a WLAN:
a cellular radio to receive a radio resource control (“RRC”) connection
recontiguration message or a system information block (“SIB”) message from an evolved
universal terrestrial radio access network (“EUTRAN”); and
control circuitry coupled with the WLAN radio and the cellular radio, the control
circuitry to:
determine, based on the RRC connection reconfiguration message or the SIB message,
radio access network (“RAN™) assistance parameters for access network selection and
traffic steering between the EUTRAN and the WLAN, wherein the RAN assistance
parameters include: a WLAN beacon received signal strength indicator (“RSSI”)
threshold; and an EUTRAN reference signal received power (“RSRP”) threshold or an
EUTRAN reterence signal received quality (“RSRQ”) threshold;
determine an EUTRAN RSRP or an EUTRAN RSRQ:
determine, based on the beacon, a WLLAN RSSI:;

determine a plurality of steering conditions are met for a predetermined time interval, the

plurality of steering conditions to include: the EUTRAN RSRP being less than the
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EUTRAN RSRP threshold or the EUTRAN RSRQ being less than the EUTRAN RSRQ
threshold; and the WLAN RSSI being greater than the WLAN beacon RSSI threshold;

and

steer traffic from the cellular radio to the WLAN radio based on said determination that

5  the plurality of steering conditions are met for the predetermined time interval.

9. The apparatus of claim 8, wherein the control circuitry is further to:

determine, based on a message from an eNB of the EUTRAN, an identifier; and
identify the WLAN based on the identifier.

10.  The apparatus of claim 9, wherein the identifier is a service set identifier, a basic

10 service set identifier, or a homogenous extended service set identifier.

11. The apparatus of any one of claims 8 to 10, wherein the RAN assistance
parameters further include: a WLAN channel utilization threshold and the plurality of
steering conditions further include a channel utilization of the WLAN being less than the
WLAN channel utilization threshold; a WLAN downlink backhaul rate threshold and the

15  plurality of steering conditions further include an available downlink bandwidth of the
WLAN being greater than the downlink WLAN backhaul rate threshold; or a WLAN
uplink backhaul rate threshold and the plurality of steering conditions further include an
avallable uplink bandwidth of the WL AN being greater than the uplink WLAN backhaul
rate threshold.

20 12,  The apparatus of any one of claims 8 to 10, wherein the RAN assistance

parameters further include a timer parameter to provide the predetermined time interval.

13. An apparatus of a user equipment (“UE”), the apparatus comprising:
access stratum circuitry to:
determine, based on a radio resource control (“RRC”) connection reconfiguration
25 message or a system iformation block message, radio access network (“RAN")
assistance parameters for access network selection and traffic steering between an
evolved universal terrestrial radio access network (“EUTRAN") and a wireless local

area network (“WLAN”), wherein the RAN assistance parameters include: a

WLAN beacon received signal strength indicator (“RSSI”) threshold; and an
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EUTRAN reference signal received power (“RSRP”’) threshold or an EUTRAN
reference signal recetved quality (“RSRQ”) threshold;

determine an EUTRAN RSRP or an EUTRAN RSRQ;

determine, based on a beacon in the WLAN, a WLAN RSSI;

determine a plurality of steering conditions are met for a predetermined time
interval, the plurality of steering conditions to include: the EUTRAN RSRP being
less than the EUTRAN RSRP threshold or the EUTRAN RSRQ being less than the
EUTRAN RSRQ threshold; and the WLAN RSSI being greater than the WLAN
beacon RSSI threshold; and
non-access stratum circuitry to: receive an indication from the access stratum circuitry
that the plurality of steering conditions are met for the predetermined time interval and
steer traffic from a first radio of the UE that communicates via the EUTRAN to a second

radio of the UE that communicates via the WLAN based on said indication.

14.  The apparatus of claim 13, wherein the RAN assistance parameters further
include: a WLAN channel utilization threshold and the plurality of steering conditions
further include a channel utilization of the WLAN being less than the WLAN channel
utilization threshold; a WLAN downlink backhaul rate threshold and the plurality of
steering conditions further include an available downlink bandwidth of the WLAN being
greater than the downlink WLAN backhaul rate threshold; or a WLAN uplink backhaul
rate threshold and the plurality of steering conditions further include an available uplink
bandwidth of the WLAN being greater than the uplink WLAN backhaul rate threshold.

il

15, The apparatus of claim 13 or 14, wherein the RAN assistance parameters further

include a timer parameter to provide the predetermined time interval.

16. One or more computer-readable media having instructions that, when executed,

cause a user equipment (“UE”) to:

determine, based on a radio resource control (“RRC”) connection reconfiguration
message or a system information block message, radio access network (“RAN™)
assistance parameters for access network selection and traffic steering between an
evolved universal terrestrial radio access network (“EUTRAN™) and a wireless local area
network (“WLAN™), wherein the RAN assistance parameters include: a WLAN beacon
received signal strength indicator (“RSSI”) threshold; and an EUTRAN reference signal
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received power (“RSRP”) threshold or an EUTRAN reference signal received quality
(“RSRQ”’) threshold;

determine an EUTRAN RSRP or an EUTRAN RSRQ;

determine, based on a beacon in the WLAN, a WLAN RSSI;

determine a plurality of steering conditions are met for a predetermined time
interval, the plurality of steering conditions to include: the EUTRAN RSRP being greater
than the EUTRAN RSRP threshold and the EUTRAN RSRQ being greater than the
EUTRAN RSRQ threshold; and the WLAN RSSI being less than the WLAN beacon
RSSI threshold;

steer traffic from a first radio of the UE that communicates via the WLAN to a
second radio of the UE that communicates via the EUTRAN based on said determination

that the plurality of steering conditions are met for the predetermined time interval.

17. The one or more computer-readable media of claim 16, wherein the instructions,
when executed, further cause the user equipment to:

determine, based on a message from an eNB of the EUTRAN, an identifier; and

identify the WLLAN based on the identifier.

18.  The one or more computer-readable media of claim 17, wherein the identifier is a
service set 1dentifier, a basic service set identifier, or a homogenous extended service set

1dentifier.

19.  The one or more computer-readable media of any one of claims 16 to 18, wherein
the RAN assistance parameters further include: a WLAN channel utilization threshold
and the plurality of steering conditions further include a channel utilization of the WLAN
being greater than the WLAN channel utilization threshold; a WLAN downlink backhaul
rate threshold and the plurality of steering conditions further include an available
downlink bandwidth of the WLAN being less than the downlink WLAN backhaul rate
threshold; or a WLAN uplink backhaul rate threshold and the plurality of steering
conditions further include an available uplink bandwidth of the WLAN being less than the
uplink WLAN backhaul rate threshold.

40
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20.  The one or more computer-readable media of any one of claims 16 to 18, wherein
the RAN assistance parameters further include a timer parameter to provide the

predetermined time interval.
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