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MANAGING ACCESS CHANNEL
RESOURCES BY BUFFERING SERVICE
REQUESTS

BACKGROUND

Unless otherwise indicated herein, the materials described
in this section are not prior art to the claims and are not
admuitted to be prior art by inclusion 1n this section.

A typical cellular wireless network system (wireless com-
munication system) may include a number of base stations
with antennas that radiate to define wireless coverage areas,
such as cells and cell sectors. Within the wireless coverage
areas, a subscriber (or user) accesses the communication ser-
vices via a wireless communication device (WCD), which
can communicate by exchanging radio frequency signals
with the base stations. WCDs may include cell phones, tablet
computers, tracking devices, embedded wireless modules,
and other wirelessly equipped communication devices. In
turn, each base station may be coupled with network infra-
structure that provides connectivity with one or more com-
munication networks, such as the public switched telephone
network (PSTN) and/or a wide area network (WAN) for send-
ing and recerving packet data (the internet, for instance).
These (and possibly other) elements function collectively to
form a Radio Access Network (RAN) of the wireless com-
munication system. With this arrangement, a WCD within
coverage of the RAN may communicate with various remote
network entities.

In general, communications on the RAN are carried out in
accordance with an air interface protocol that provides pro-
cedures for coordinating communications between the base
stations and the WCDs. Examples of existing air interface
protocols include, without limitation, Code Division Multiple
Access (CDMA) (e.g., 1xRTT and 1xEV-DO), Long Term
Evolution (LTE), Wireless Interoperability for Microwave
Access (WIMAX), Global System for Mobile Communica-
tions (GSM), among other examples. Each protocol may
define 1ts own procedures for registration of WCDs, initiation
of communications, handoil between coverage areas, and
other functions related to air interface communication.

Protocols may also define procedures for managing com-
munications from the base stations to the WCDs, which 1s
referred to as an downlink, and for managing communica-
tions from the WCDs to the base stations, which 1s referred to
as an uplink.

Depending on the specific underlying technologies and
architecture of a given wireless communication system, the
RAN elements may also take different forms. In a CDMA
system configured to operate according 1S-2000 and IS-8356
standards, for example, the antenna system 1s referred to as a
base transceiver system (BTS), and 1s usually under the con-
trol of a base station controller (BSC). In a universal mobile
telecommunications system (UMTS) configured to operate
according to LTE standards, the base station 1s usually
referred to as an eNodeB, and the entity that typically coor-
dinates functionality between multiple eNodeBs 1s usually
referred to as a mobility management entity (MME). In a
CDMA system the WCD may be referred to as an access
terminal (AT); 1n an LTE system the WCD may be referred to
as user equipment (UE). Other architectures and operational
configurations of a RAN are possible as well.

In accordance with the air interface protocol, each cover-
age area may operate on one or more carrier frequencies (or
“carriers”) and may define a number of air interface channels
for conveying information between the base stations and the
WCDs. These channels may be defined 1n various ways, such
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2

as through frequency division multiplexing, time division
multiplexing, and/or code-division multiplexing for instance.

By way of example, each coverage arca may have a pilot
channel, reference channel or other resource on which the
base station may broadcast a pilot signal, reference signal, or
other resource WCDs may detect as an indication of coverage
and may measure to evaluate coverage strength. As another
example, each coverage area may use an access channel, an
uplink control channel, or other resource on which WCDs
may transmit control messages such as connection requests
and registration requests to the base station. And each cover-
age areca may use a downlink control channel or other
resource on which the base station may transmit control mes-
sages such as system information messages and page mes-
sages to WCDs. Each coverage area may then have one or
more traific channels or other resource for carrying commu-
nication traflic such as voice data, packet data, and/or other
data between the base station and WCDs.

Furthermore, the available spectrum on the air interface
can be divided into time-frequency segments to define the
various channels, and also for allocation and scheduling pur-
poses. In an LTE system, such time-frequency segments are
commonly referred to as resource blocks and span 0.5 mailli-
seconds 1in time and 180 kilohertz in bandwidth. For example,
the base station can evaluate the demands for network
resources amongst its served WCDs and then allocate 1its
available resources to those WCDs to accommodate those
demands to the extent suilicient resources are available. The
control channels may be used to communicate between the
WCDs and the base station to facilitate evaluation of the
various network demands and also to notify the WCDs of
their assigned network resources once resources are allo-
cated.

While communications are generally scheduled by the
base station, 1nitiation of communication from a WCD to a
base station generally involves at least one unscheduled trans-
mission from the WCD to the base station. In accordance with
the air interface protocol, the base stations may provide for a
shared access channel on which unscheduled messages can
be sent from WCDs to the base station to notily the base
station of the WCD’s presence in the base station’s coverage
area (e.g., Tor registration purposes). Once such an itial
unscheduled transmission 1s received, the base station can
then allocate 1nitial uplink and/or downlink resources to com-
municate with the WCD as necessary to manage further com-
munications. In particular, the WCD may use the initial
uplink resources to send mformation regarding the quantity
of network resources sought by the WCD. Such a communi-
cation from the WCD 1s referred to as a service request. The
base station can then allocate suificient network resources to
accommodate the service request and send an indication of
the allocation to the WCD.

However, 1n some cases a base station 1s too loaded with
existing network traffic to allocate the resources sought by a
WCD. In that case, after receiving an 1nitial communication
from the WCD over the access channel, the base station may
respond by rejecting the WCD’s attempt to connect. After
receiving an indication of the base station’s rejection, the
WCD may then wait for some period before attempting
another connection. In practice, aiter recerving an 1nitial com-
munication over the access channel, the base station may first
allocate some 1nitial control channel resources to receive
turther information from the WCD regarding the nature of the
connection sought by the WCD, such as a service request. The
base station can then, on the basis of that information, deter-
mine whether the base station’s network resources are sudfi-
cient to accommodate the WCD and respond accordingly.
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The access procedure described above, mn which an
unscheduled transmission 1s sent over the access channel, 1s

used when a WCD does not already have any network
resources, and therefore no means to send an uplink commu-
nication to the base station. In practice, this occurs primarily
in two circumstances. First, the WCD may have data to trans-
mit over the network, such as occurs when a call or internet
session 1s originated on the WCD and the WCD begins buil-
ering data to send out. Second, the network may receive data
to communicate to the WCD, such as occurs when a remote
entity 1nitiates a call or other packet data communication
addressed to the WCD. In the first case, the WCD may 1nitiate
the access procedure on 1ts own 1n response to having data to
send out. In the second case, the network first notifies the
WCD that 1t should 1nitiate the access procedure by sending
the WCD a page message addressed to the WCD. Upon
receiving the page message, the WCD 1nitiates the access
procedure to establish a connection with the network, at
which point the data i1s delivered to the WCD.

As a result, WCDs without ongoing connections to the
network continue to monitor particular downlink control
channels that are used by the network to send out page mes-
sages. As used herein, WCDs with allocated network
resources for ongoing communications are said to be operat-
ing in “connected mode.” Connected WCDs are able to
exchange data with remote entities over the network. On the
other hand, WCDs without allocated network resources for
ongoing communications are said to be operating 1 “idle
mode.” Idle WCDs monitor downlink control channels for
pages and other system information, but do not generally
transmit uplink commumnications back, which also results in
reduced power consumption. To conserve network resources,
WCDs may generally be configured to default to operating 1n
1dle mode, and transition to connected mode when data 1s
ready to transmit or 1n response to receipt of a page message.
Then, following a period of mactivity, the WCD can transition

back to 1dle mode.

OVERVIEW

Disclosed herein 1s a process and corresponding system to
manage communications over an access channel during
loaded conditions. During a basic access procedure, 1f a base
station 1s loaded with network traffic at the time 1t receives a
service request, the base station may reject the service request
and respond to the originating WCD to indicate the request
was rejected. The communication indicating rejection may
then cause the WCD to restart the access procedure and send
another service request, perhaps after some delay. In the event
the base station 1s still congested when the next service
request arrives, the base station sends another rejection, and
the WCD again 1mnitiates the access procedure and sends yet
another service request. The cycle repeats until the base sta-
tion has enough network resources to grant the service
request. In the interim, the repeated unsuccesstul attempts to
employ the access procedure results 1n increased traffic on the
access channel. Because the communications on the access
channel are generally unscheduled, elevated traffic levels on
the access channel exacerbates the possibility of interference
between transmissions from separate WCD:s.

The process disclosed herein avoids such repeated unsuc-
cessiul access channel communications during loaded con-
ditions. According to the present disclosure, a base station
that determines it 1s too loaded to accommodate a service
request responds by instructing the originating WCD to idle
and wait for a page message before submitting a service
request for equal or greater network resources than sought by
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the 1nitial service request. Such a communication from the
base station 1s referred to herein as a “wait-for-page” mes-
sage. The WCD, upon recerving a wait-for-page communica-
tion, operates 1n 1dle mode and does not send an additional
service request for an equal or greater quantity of network
resources than sought initially. In effect then, the wait-for-
page communication causes the WCD to forgo unscheduled
transmissions on the access channel 11 the purpose of such
transmissions 1s to submit a service request for an equal or
greater quantity ol network resources than sought by the
initial service request.

After receiving the wait-for-page communication, and
prior to recerving a page message, the WCD effectively acts
as though 1t has been informed that the base station does not
have enough network resources to grant service requests
secking an equal or greater quantity of network resources than
the 1mitial service request. Although the WCD may still be
allowed to undergo the access procedure and to submit a
service request for a quantity of network resources less than
the quantity sought by the initial service request.

While the WCD 1dles and waits for a page message, the
base station saves an indication of the service request and
monitors its available network resources while waiting for an
increase in available network resources. Upon determining
that the available network resources have increased such that
suificient resources are available to accommodate the saved
service request, the base station then sends a page message to
the WCD to overnide the effects of the earlier wait-for-page
communication. To facilitate such determinations, the base
station may save, for each service request, an indication of a
quantity of network resources sought by the service request.
For instance, the base station may save an indication of a
quality of service, a quantity of data, a desired latency, mini-
mum bit rate, and/or other parameter(s ) related to the quantity
ol network resources requested by a given service request.
The base station can then use the saved data to make a sub-
sequent determination that its available network resources are
able to accommodate the service request saved in memory,
and send a page message to the originating WCD.

After receiving the page message, the WCD 1nitiates a
connection with the base station (e.g., using an unscheduled
transmission on the access channel) and submits another ser-
vice request. The base station then grants the service request
by allocating the requested network resources to the WCD. In
addition, the base station coordinates with other network
components to establish links to carry communications
between the WCD and various remote networks 1in commu-
nication with the network. With the network links established,
and resources allocated on the air interface, the WCD oper-
ates 1 connected mode to exchange data with remote entities
over the network.

In some cases, a base station may maintain a builer of
service requests from different WCDs, and can page each
WCD 1n the order 1n which the original service requests were
received. For example, while loaded, the base station can save
data indicative of each received service request. The saved
data for each service request may include indications of the
quantity of network resources requested, an 1dentifier for the
originating WCD, and the time of reception of the service
request. The base station may then consider each saved ser-
vice request, 1n the order of reception, and upon having sui-
ficient resources to grant a next service request, send a page
message to the corresponding WCD so as to cause that WCD
to connect to the base station. As a result, the base station may
page the WCDs 1n order, which helps to equalize the latency
associated with establishing connections among different
WCDs. By contrast, in a basic arrangement, previously
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rejected WCDs might successiully establish connections
based only on whichever WCD happens to submit a connec-
tion request immediately following an increase 1n available
network resources.

Accordingly, 1n one respect, disclosed 1s a method of oper-
ating a wireless network system. The wireless network sys-
tem can include a base station operating to serve wireless
communication devices (WCDs) via one or more scheduled
channels and an unscheduled access channel. The base station
can be configured to allocate available network resources
amongst the WCDs by scheduling network traific over the
scheduled channels so as to accommodate respective
demands of the WCDs indicated, at least in part, by respective
service requests recerved from the WCDs. And a given WCD
that does not have allocated network resources on the sched-
uled channels with which to communicate to the base station
can be configured to mitiate a connection with the base station
by sending an unscheduled transmission to the base station
over the access channel. The method can include recerving a
first service request from a particular WCD. The first service
request can specily a particular quantity of network
resources. The method can include making a first determina-
tion that a capacity of available network resources on the
scheduled channels 1s msuflicient to allocate the particular
quantity of network resources to the particular WCD respon-
stve to recerwving the first service request. The method can
include, responsive to making the first determination, the base
station: (1) sending a wait-for-page communication to the
particular WCD, wherein the wait-for-page communication
causes the particular WCD to, prior to being paged, forgo
transmitting to the base station over the access channel for the
purpose ol 1mitiating a service request specilying a greater
quantity of network resources than the particular quantity of
network resources; (11) storing data indicative of the received
service request 1n a memory; (111) waiting for the capacity of
available network resources on the scheduled channels to
increase; (1v) aiter waiting for the capacity of available net-
work resources on the scheduled channels to increase, mak-
ing a second determination that the capacity of available
network resources on the scheduled channels 1s sufficient to
allocate the particular quantity of network resources to the
particular WCD; and (v) responsive to making the second
determination, sending a page to the particular WCD.

In another respect, disclosed 1s a method of operating a
wireless communication device (WCD) 1n a wireless network
system. The wireless network system can include a base
station operating to serve a plurality of WCDs including the
WCD wvia one or more scheduled channels and an unsched-
uled access channel. The base station can be configured to
allocate available network resources amongst the WCDs by
scheduling network traffic over the scheduled channels so as
to accommodate respective demands of the WCDs indicated,
at least 1n part, by respective service requests recerved from
the WCDs. And a given WCD that does not have allocated
network resources on the scheduled channels with which to
communicate to the base station can be configured to 1nitiate
a connection with the base station by sending an unscheduled
transmission to the base station over the access channel. The
method can include sending a first service request from the
WCD to the base station. The first service request can specit
a particular quantity of network resources. The method can
include receiving a wait-for-page communication from the
base station responsive to sending the first service request.
The method can include, the WCD, responsive to receiving
the wait-for-page communication and prior to being paged,
forgoing transmitting to the base station over the access chan-
nel for the purpose of initiating a service request specifying a
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6

greater quantity of network resources than the particular
quantity of network resources. The method can include

receiving a page from the base station. The method can
include sending a second service request to the base station
responsive to recerving the page. The second service requests
can be 1mtiated by the WCD sending an unscheduled trans-
mission over the access channel to the base station.

In another respect, disclosed 1s a wireless network system
including a base station and a controller. The base station can
have one or more antenna structures configured to wirelessly
communicate with wireless communication devices (WCDs)
served by the base station over one or more scheduled chan-
nels and over an unscheduled access channel. The base station
can be configured to allocate available network resources
amongst the WCDs by scheduling network traffic over the
scheduled channels so as to accommodate respective
demands of the WCDs indicated, at least in part, by respective
service requests recerved from the WCDs. And a given WCD
that does not have allocated network resources on the sched-
uled channels with which to communicate to the base station
can be configured to nitiate a connection with the base station
by sending an unscheduled transmission to the base station
over the access channel. The controller can be operatively
coupled to the antenna structures of the base station. The
controller can be configured to recerve, at the base station, a
first service request from a particular WCD. The first service
request can specily a particular quantity of network
resources. The controller can be configured to, responsive to
receiving the first connection request, make a first determi-
nation that a capacity of available network resources on the
scheduled channels 1s 1nsuflicient to allocate the particular
quantity ol network resources to the particular WCD. The
controller can be configured to, responsive to making the first
determination: (1) send a wait-for-page communication to the
particular WCD, wherein the wait-for-page communication
causes the particular WCD to, prior to being paged, forgo
transmitting to the base station over the access channel for the
purpose ol 1nitiating a service request specitying a greater
quantity of network resources than the particular quantity of
network resources; (11) store data indicative of the received
service request 1 a memory; (111) wait for the capacity of
available network resources on the scheduled channels to
increase; (1v) aiter waiting for the capacity of available net-
work resources on the scheduled channels to increase, make a
second determination that the capacity of available network
resources on the scheduled channels 1s suificient to allocate
the particular quantity of network resources to the particular
WCD; and (v) responsive to making the second determina-
tion, send a page to the particular WCD.

Moreover, particular implementations of the present dis-
closure may include other examples for saving service
requests, and/or other communications that involve unsched-
uled transmaissions over an access channel, including wireless
communications systems other than LTE systems.

These as well as other aspects, advantages, and alternatives
will become apparent to those of ordinary skill in the art by
reading the following detailed description, with reference
where appropriate to the accompanying drawings. Further, 1t
should be understood that the description provided 1n this
overview section and elsewhere 1n this document 1s provided
by way of example only.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a simplified block diagram of an example wire-
less communication system in which the present disclosure
can be implemented.
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FIG. 1B 1s a simplified block diagram of an example LTE
system 1n which the present disclosure can be implemented.

FIG. 2 1s a signal flow diagram illustrating signaling
between network nodes that occurs when buffering a service
request 1n an LTE system.

FI1G. 3 1s a flow chart depicting functions that can be carried
out by a base station 1n a radio access network 1n accordance
with an example method.

FI1G. 4 1s another flow chart depicting functions that can be
carried out by a wireless communication device 1 accor-
dance with an example method.

FIG. 5 1s a simplified block diagram of a network node
arranged to carry out various functions in accordance with the
present disclosure.

DETAILED DESCRIPTION

Together with the drawings, the foregoing description pro-
vides an example wireless communication systems 1n which
the present disclosure can be implemented. It should be
understood, however, that this and other arrangements
described herein are set forth only as examples. As such, those
skilled 1n the art will appreciate that other arrangements and
clements (e.g., machines, interfaces, functions, orders, and
groupings ol functions, etc.) can be used instead, and that
some elements may be omitted altogether. Further, many of
the elements described herein are functional entities that may
be implemented as discrete or distributed components or in
conjunction with other components, and 1n any suitable com-
bination and location. Various functions described herein as
being performed by one or more entities may be carried out by
hardware, firmware, and/or software. For instance, various
functions may be carried out by a processor executing imstruc-
tions stored 1n memory.

I. Example Communication System Architecture

FIG. 1A depicts an example communication system that
includes a radio access network (RAN) 12 having a represen-
tative base station 14 and supporting network infrastructure
16. The base station 14 includes antennas arranged to com-
municate with WCDs 18 1n a coverage area over an air inter-
face 20. RAN 12 then provides connectivity with one or more
transport networks 22, such as the PSTN or the Internet for
instance. With this arrangement, each WCD 18 that1s inrange
of the base station 14 (1.e., 1n its coverage area) may register
or attach with the RAN 12 and may engage 1n air interface
communication with the base station 14 so as to communicate
in turn with various remote entities on the transport

network(s) 22 and/or with other WCDs served by the RAN
12.

In this arrangement, the air interface 20 may be configured
according to a particular protocol, and the WCDs 18 and base
station 14 may be programmed or otherwise configured to
operate according to that protocol. According to the air inter-
face protocol, the network resources provided by the air inter-
face 20 may define time-frequency segments that divide the
available spectrum for communications over the air interface
20. The base station 14 (alone or 1n coordination with sup-
porting infrastructure 16 in the RAN 12) may allocate
resources to the WCDs 18 1n accordance with an allocation/
scheduling routine based on various factors so as to accom-
modate the respective communication demands of the WCDs
18 and/or to achieve network performance criteria. The base
station 14 can then provide each WCD with an indication of
the schedule for their respective network resources, and the
WCDs with allocated resources can then use their respective
resources to exchange bearer data and control communica-
tions as necessary.
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But a WCD without allocated resources for uplink com-
munications 1nitiates contact with the base station 14 by send-
ing an unscheduled transmission over a shared access channel
designated by the RAN 12. The unscheduled transmission
may be used to 1mitiate an access procedure, for example.
Once the 1nitial transmission 1s received, the base station 14
may assign initial resources for further communications
between the WCD 18 and the base station 14. For example,
the mitial resources may be used for the WCD 18 to send the
base station 14 a service request that specifies a particular
quality of service (e.g., by specilying a minimum bit rate,
latency, or another parameter) or otherwise designates a
quantity of network resources sought by the WCD 18. Upon
receiving the WCD’s service request, the base station 14 may
then determine whether to grant the service request, which
determination may be based on whether the base station 14
has enough available network resources to accommodate the
service request (e.g., to allocate the quantity of network
resources sought by the service request).

According to the present disclosure, 1f the base station 14
determines 1t 1s too loaded by network traffic to grant the
service request, the base station 14 can send a “wait-for-page”
message to the WCD 18. The wait-for-page communication
can cause the WCD 18 to transition to 1dle mode and to forgo
turther service requests for an equal or greater quantity of
network resources until the WCD 18 recerves a page message
from the base station 14. While the WCD 18 waits, the base
station 14 can save an 1ndication of the service request, then
wait for the base station’s available network resources to
increase. The saved indication of the service request may
include, for example, data indicating the identity of the WCD
18 and the quantity of network resources sought.

After saving the service request, the base station 14 can
monitor the increase 1n 1its available network resources and
determine when 1ts resources become sulficient to accommo-
date the saved service request. Upon determiming the saved
service request can be accommodated, the base station 14 can
send a page message to the WCD 18. The page message
overrides the effect of the earlier wait-for-page communica-
tion. Accordingly, the WCD 18 can then submit another ser-
vice request to the base station 14, which involves another
unscheduled transmission on the access channel. Because the
second service request 1s sent 1n response to the base station
14 determining it has suificient network resources available,
the base station 14 1s generally able to grant the second
service request from the WCD 18, at which point the base
station 14 can serve the WCD 18 1n connected mode to
facilitate further communications as necessary.

By contrast, as noted above, some protocols cause the base
station 14 to send a rejection when the base station 14 1s too
congested to allocate resources. The rejection causes the
WCD 18 to retry the random access procedure after some
delay, at which point the base station 14 may still be too
congested to allocate resources, which leads to repeated
failed attempts to 1nitiate connections using the access chan-
nel and exacerbates interference between the unscheduled
transmissions. Thus, the presently disclosed enhancements,
which allow for saving a service request until resources
become available and then paging the WCD, obviates the
unnecessary communications over the access channel while
the base station 14 1s loaded.

FIG. 1A generally represents any wireless communication
system 1n which the present disclosure can be implemented,
and, as noted above, variations on the arrangement shown are
possible. To help illustrate features of the present disclosure,
the remainder of this document will focus on an LTE system
by way of example. Those of ordinary skill in the art wall
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readily appreciate, however, that the disclosed principles can
be applied as well 1n other types of wireless communication
systems 1n which connections are initiated using unscheduled
transmissions from WCDs over an access channel, with varia-
tions where appropriate.

Example LTE Communication System

Accordingly, FIG. 1B 1s a simplified block diagram of a

representative LTE system as an example of the system shown

in FIG. 1A. As shown in FIG. 1B, the L'TE system includes an
LTE RAN 24 that primarily serves WCDs 18 with wireless
packet data communication service (but may also provide
voice call service, such as voice-over-IP service or circuit-
switched fallback service). The LTE RAN 24 1s shown includ-
ing arepresentative LTE base station 26 known as an eNodeB,
a gateway system 28 including a serving gateway (SGW) 30
and a packet data network (PDN) gateway (PGW) 32, and a
mobility management entity (MME) 34.

In practice, the eNodeB 26 includes an antenna structure
and associated equipment for engaging in LTE communica-
tion over an LTE air interface 36 with WCDs 18 to thereby
provide the LTE RAN 24 with connectivity to the WCDs 18.
The gateway system 28 provides the LTE RAN 24 with con-
nectivity to packet-switched network(s) 40 such as the Inter-
net and/or private networks. The various network elements in
the LTE RAN 24 are linked together to facilitate communi-
cations between the served WCDs 18 and the remote packet-
switched network 40. The eNodeB 26 communicates with the
SGW 30 over an S1-U interface, the eNodeB 26 communi-
cates with the MME 34 over an S1-MME interface, and the
MME 34 commumnicates with the SGW 30 over an S11 inter-
face. Although each of these interfaces 1s shown as a direct
link 1n FIG. 1B, 1n practice the various elements of the LTE
RAN 24 may sitas nodes on a wireless service provider’s core
packet network, and so these and other interfaces described
herein may instead be logical connections over that packet
network.

With this network arrangement, when a WCD 18 enters
into coverage of eNodeB 26, the WCD 18 may scan for
system 1nformation broadcast by the eNodeB 26. The WCD
18 can then use the system information to register or “attach”
with the LTE RAN 24 by transmitting an attach request to the
eNodeB 26, which the eNodeB 26 forwards to the MME 34.
The MME 34 and other network elements may then carry out
various functions to enable the LTE RAN 24 to serve the
WCD 18. Among other functions, the MME 34 may add the
WCD 18 to a database of registered WCDs managed by the
MME 34, such as a home subscriber server (HSS)

The MME 34 may also communicate with the gateway
system 28 and with the eNodeB 26 to setup and manage one
or more bearer connections extending between the WCD 18
and the PGW 32 and thus between the WCD 18 and the
packet-switched network 40. For instance, for each such
bearer connection, the MME 34 may create and store 1n data
storage a context record defining an evolved packet system
(EPS) bearer 1dentity for the WCD 18. The MME 34 may
generate and transmit to the SGW 30 a create-session request
identifving the serving eNodeB 26, which triggers setup of a
tunnel between the SGW 30 and PGW 32 and assignment of
an IP address for the WCD 18. In this process, the PGW 32
may also establish and store a context record for the WCD 18
and may assign an IP address to the WCD 18, and the PGW 32
may signal the assigned IP address in response to the SGW
30. The SGW 30 may then transmit to the MME 34 a create-
session response speciiying the assigned IP address.

Upon receipt of a create-session response from the SGW
30, the MME 34 may then further generate and transmiut to the
e¢NodeB 26 an attach-accept message identitying the SGW 30
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and specilying the assigned IP address, which may trigger
setup of a tunnel between the eNodeB 26 and the SGW 30 and
assignment of a corresponding radio bearer 1identity defining
a tunnel between the WCD 18 and the eNodeB 26. And the
cNodeB 26 may forward to the WCD 18 an indication of the
assigned IP address. Through this process, a bearer would
thus be established between the WCD 18 and the PGW 32,
including a series of tunnels extending (1) between the WCD
18 and the eNodeB 26, (11) between the eNodeB 26 and the
SGW 30, and (111) between the SGW 30 and the PGW 32, and
the WCD 18 would have an assigned IP address that 1t can use
for commumnication on the packet-switched network 40. With
cach such bearer established, the eNodeB 26 may then serve
the WCD 18 1n connected mode 1n which the eNodeB 26
manages communications to and from the WCD 18 by allo-
cating and scheduling resources for such communications.

Network Resource Allocation

As noted above, the LTE air interface 36 may span a par-
ticular segment of spectrum, with a given carrier frequency
and bandwidth. The available spectrum may be subdivided
into time-ifrequency segments referred to as resource blocks
(RBs). For example, the RBs may each span 0.5 millisecond
timeslot and have a bandwidth of 180 kHz. That 1s, during
cach 0.5 millisecond timeslot, the air interface may define a
number of 180 kHz RBs. In practice, these RBs may be
numbered sequentially across the bandwidth, and groups of
the RBs may define RB groups that may be numbered as well.
Overhead system information broadcast by the eNodeB 26
may inform the WCDs 18 1n the coverage area which RB and
RB groups are defined on the air interface. The WCDs can
then use that information to understand RB assignments
keyed to RB number and RB group number and otherwise to
determine which RBs to use to send and receive data.

The eNodeB 26 (alone or in combination with MME 34 or
other network infrastructure) may manage assignment of RBs
for the WCD to use 1n receiving communications from the
cNodeB 26 (1.e., downlink commumnications). For example,
when a WCD 18 has data to transmit to the eNodeB 26 (1.¢.,
uplink communications), the WCD 18 may transmit to the
eNodeB 26 a service request for an assignment of uplink
resources on the air intertace 36. The service request may
specily a quantity of data ready to be transmitted from the
WCD 18, such as 1n a butfer status report. The service request
may also specily a quality of service for the connection (e.g.,
a quality of service class identifier (QCI)), or may specily
other aspects of the uplink assignment sought, such as target
bit rate or latency, for instance. Additionally or alternatively,
the servicerequest may specily aparticular bearer type for the
air interface 36, such as in cases where the various RBs
available for allocation are grouped to define different bearer
types that may be used to carry different types of communi-
cations, for example, guaranteed bit-rate communications
and non-guaranteed bit-rate communications and the like.

The eNodeB 26 may then perform a scheduling process in
which the eNodeB 26 determines how many RBs to assign for
uplink transmission to provide the requested type and/or
quantity of data transmission requested by the WCD 18. In
one approach, upon receiving a service request, the eNodeB
26 refers to a schedule of RBs 1n upcoming timeslot(s), and
the eNodeB 26 assigns to the WCD 18 a number of RBs from
those timeslot(s) as necessary and available. The eNodeB 26
may then transmit to the WCD 18 a control message (down-
link control information) specifying the assigned RBs by RB
number or RB group number, or otherwise indicating the
schedule of network resources allocated to the WCD 18. In
some cases, semi-persistent scheduling 1s employed such that
a given allocation provides resources with a given quality
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level on an ongoing basis until the allocation 1s changed.
Semi-persistent scheduling can thereby reduce the number of
control messages used to indicate assigned resources.

Upon receipt of an assignment of RBs, the WCD 18 may
then transmit some or all of the data that prompted the nitial
service request as IP packets using the assigned RBs. Each
packet bears the WCD’s assigned IP address as source
address and an appropriate IP address as destination address.
Uponreceipt of the packets, the eNodeB 26 may then forward
the packets using an appropriate tunnel to the gateway system
28 for transmission by the PGW 32 to the packet-switched
network 40, at which point the packets are routed according to
their respective destination addresses.

Similar to the allocation of uplink resources, the eNodeB
26 (alone or 1n combination with associated network infra-
structure) may manage assignment of RBs for the WCD 18 to
receive communications from the eNodeB 26 (i.e., downlink
communications). For example, when the LTE RAN 24 has
data to communicate to the WCD 18 (e.g., due to a remote-
initiated phone call, incoming email, etc. reaching the gate-
way system 28), the eNodeB 26 may assign one or more
upcoming RBs on the downlink for use by the WCD 18. The
c¢NodeB 26 can then inform the WCD 18 of the assigned RBs
and transmit the data to the WCD 18 using the assigned RBs.

WCD Operation Modes

Once the WCD 18 1s registered with the eNodeB 26, the
WCD 18 can then operate 1n an 1dle mode 1n which the WCD
18 monitors a downlink control channel to receive overhead
information and to check for any page messages pertinent to
the WCD 18. While inidle mode, the WCD 18 1s generally not
engaged 1n ongoing communication using the LTE RAN 24.
To conserve network resources while the WCD 18 1s 1n 1dle
mode, the WCD 18 may not sustain a continuous connection
with the eNodeB 26, and may 1nstead “wake up” as needed to
activate 1ts radio and momnitor for relevant communications
over the downlink control channel. Accordingly, the down-
link control channel may be configured to facilitate discon-
tinuous transmission from the eNodeB 26. Generally, while
in the 1dle mode, the WCD 18 does not have allocated uplink
resources with which to send communications back to the
c¢NodeB 26.

To engage 1n commumnication using the RAN, the WCD 18
first transitions to a connected mode, active mode, or other
mode 1n which the eNodeB 26 allocates network resources for
the WCD 18 to use. When the LTE RAN 24 has a communi-
cation (such as a voice call or other traffic) to provide to a
WCD 18 that 1s registered with the network but 1s operating 1n
the 1dle mode, the network may page the WCD 18 in an effort
to facilitate assigning traific channel resources to use to
deliver the data to the WCD 18. The WCD 18 recerves the
page message, and 1nitiates connection with the eNodeB 26.
The eNodeB 26 and/or other network entities may then estab-
lish links between the eNodeB 26 and other network entities
to carry communications to and from the WCD 18 over the
LTE RAN 24. The eNodeB 26 also assigns resources on the
air interface 36, and thus transitions the WCD 18 to a con-
nected mode 1n which the WCD 18 can engage 1n communi-
cation with remote entities on the packet-switched network
40.

Likewise, when the WCD 18 1s 1dle and seeks to initiate (or
originate) a communication (such as to place a voice call or
engage 1n other bearer communication), the WCD 18 may
initiate connection with the eNodeB 26 and send a request for
a desired quantity of network resources to the eNodeB 26.
Links for carrying bearer data to and from the WCD 18 can
then be established by the network, and the eNodeB 26 can
assign network resources to the WCD 18 for use to carry
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communications over the air interface 36, similarly transi-
tioning the WCD 18 to a connected mode 1n which the WCD
18 can engage 1n ongoing communication over the LTE RAN
24.

The eNodeB 26 (and/or other components in the LTE RAN
24) can also cause the WCD 18 to transition from connected
mode back to 1dle mode. For example, following a period of
mactivity by the WCD 18, the network can send the WCD 18
a release message, which causes the network to tear down the
network links established for the WCD 18, and to cease
allocating resources to the WCD 18. After returning to 1dle
mode, the WCD 18 continues to monitor downlink control
channels for page messages and system information, but does
not have resources allocated for sending messages back to the
network.

To track the various WCDs 1n connected/idle modes asso-
ciated with a given eNodeB, the MME 34 may assign a state
to each WCD within its tracking network to reflect the current
status of the WCDs as operating 1in connected mode or oper-
ating 1n 1dle mode. Based on the states associated with each
WCD, the LTE RAN 24 then allocates resources to particular
WCDs on an ongoing basis. At the same time, the individual
WCDs may also have a state parameter that retlects the cur-
rent state of the WCDs and determines the behavior of the
WCDs. When transitioning between modes, the values of the
state parameters maintained by the mdividual WCDs and the
MME 34 can be adjusted so as to agree with one another.
Although, in general, one state parameter may shiit before the
other depending on the manner in which the transition is
initiated.

Random Access Procedure

While communications to and from the WCD 18 are gen-
erally scheduled by the eNodeB 26 as noted above, initiation
of communication from the WCD 18 to the eNodeB 26 gen-
erally involves at least one unscheduled transmission from
the WCD 18 to the base station 26. In particular, while the
WCD 18 1s 1 1dle mode, the WCD 18 generally does not have
resources allocated for sending an uplink communication. In
the LTE RAN 24, the 1dle WCD 18 may 1nitiate a connection
with the eNode B 26 using a contention-based random access
procedure. The procedure involves contention between com-
peting WCDs, because unscheduled transmissions from dii-
terent WCDs may interfere with one another, given that the
eNodeB 26 does not coordinate/schedule those transmis-
s1ons. Two interfering WCDs are then said to be 1n contention
for the attention of the eNodeB 26, and the process to deter-
mine which of the two WCDs (1f any) 1s successiul 1s referred
to as resolving the contention.

The random access procedure begins with the eNodeB 26
broadcasting system information that specifies its physical
random access channel (PRACH) for carrying unscheduled
transmissions. For example, the system information may des-
ignate time-frequency windows (e.g., RBs) designated for
PRACH transmissions as well as other network information
(e.g., network capabilities, synchronization information, etc.)
The unscheduled transmissions can each include a preamble
code to differentiate transmissions received 1n the same time-
frequency window. WCDs 1n the base station’s coverage area
detect the system information broadcast, randomly select a
preamble code, and send a message using the selected pre-
amble code to the base station over PRACH, which message
1s referred to as a preamble message. The preamble codes are
configured such that the eNodeB 26 1s able to use code dii-
ferentiation to resolve preamble messages with different pre-
amble codes. But, because the preamble codes are indepen-
dently randomly selected by the WCDs 18, it 1s possible for
multiple WCDs to select the same preamble code, in which
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case the messages interfere with one another and result 1n the
previously noted contention. If one of the interfering pre-
amble messages 1s stronger than the others, the eNodeB 26
may be able to successiully decode the message with the
strongest signal despite the increased noise from the others.
But i1 none of the interfering preamble messages are signifi-
cantly stronger than the others, the eNodeB 26 may fail to
decode any of them.

The eNodeB 26 receives the preamble message over
PRACH and responds with a random access response (RAR)
during a response window that1s based on the time-frequency
window used to send the initial preamble message. As a
result, all WCDs that sent preamble messages during a given
time-frequency window monitor the same response window.
A given RAR may therefore include data addressed to each of
the preamble codes recerved 1n the preceding PRACH time-
frequency window. For example, the RAR may include indi-
cators for each of the preamble codes the eNodeB 26
received, and the WCD(s) that used those codes for their
preamble messages then use the indicators to 1dentify the data
addressed to them. If a given WCD does not 1dentily an
indicator corresponding to the preamble code used by that
WCD (such as may occur if the preamble message could not
be decoded by the eNodeB due to interference or otherwise),
the WCD restarts the random access procedure by selecting a
new preamble code and transmitting another preamble mes-
sage over PRACH.

For a WCD that does 1dentify an indicator corresponding to
their selected preamble code 1n the RAR, the data addressed
to the WCD may include an assignment of initial control
channel uplink and downlink resources to allow the WCD to
exchange further information with the eNodeB 26. In addi-
tion, the RAR can assign a temporary cell radio network
temporary identifier (temporary C-RNTI) to identily the
WCD 18 1n subsequent communications, and can also indi-
cate a timing oifset for the WCD 18 to use to account for
propagation delays to the eNodeB 26 or to otherwise synchro-
nize uplink communications.

The WCD 18 uses the uplink resources assigned in the
RAR and sends the eNodeB 26 a connection request. Among
other information, the connection request may include a
unique identifier for the WCD 18 (e.g., a temporary mobile
subscriber 1dentity (TMSI), a previously assigned C-RNTI, a
random number, or another unique i1dentifier). The WCD 18
then monitors the downlink resource granted 1n the RAR for
a response Irom the eNodeB 26. The eNodeB 26 responds
with a contention resolution message that includes the
WCD’s umique 1dentifier. Receiving a matched unique 1den-
tifier in the contention resolution message provides confirma-
tion that the WCD’s connection request was recerved by the
cNodeB 26. A failure to match may occur, for example, 1f
multiple WCDs transmitted the initial preamble message in
the same time-frequency window using the same preamble
code. It the signal from one of the WCDs 1s stronger than the
other(s), the base station may be able to decode the preamble
message (and subsequent connection request) from that one
WCD, but not the other(s). The WCD that sent the weaker
signal may still recerve the RAR, but the unique 1dentifier
included 1n the connection request message (and subsequent
response from the base station) allows a given WCD to deter-
mine whether the eNodeB 26 i1s recerving and decoding sig-
nals from that WCD or from another WCD.

The contention resolution message thus resolves the con-
tention due to the possibility of multiple WCDs using the
same preamble code. If a WCD recerves a contention resolu-
tion message that does not match 1ts unique identifier, the
WCD discards 1ts temporary C-RNTT and restarts the random
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access procedure by selecting a new preamble code and trans-
mitting another preamble message over PRACH. The WCD
that passed contention resolution (1.¢., that received back its
matching unique i1dentifier) promotes its temporary C-RNTI
to a full C-RNTT for use in subsequent communications with
the eNodeB 26, and continues exchanging messages with the
base station as necessary to setup a connection.

In some arrangements, when the eNodeB 26 does not have
enough available network resources to accommodate addi-
tional tratfic, the eNodeB 26 may respond to a PRACH pre-
amble message, or to a subsequent service request, by deny-
ing the attempt to connect and then sending an appropriate
message to the originating WCD. To effect a demal, the
cNodeB 26 may send a rejection message, a release message,
and/or a redirection message. A rejection message may be
sent 1n response to a connection request and 1s used to notily
the WCD 18 that the eNodeB 26 1s too congested by network
traffic to allocate resources for the WCD 18. Instead, the
rejection message instructs the WCD 18 to wait for some
interval, 1n 1dle mode, until attempting another connection. A
release message may be sent following a service request and,
like the rejection message, causes the WCD 18 to transition to
idle mode and wait for some interval before attempting
another connection. A redirection message 1dentifies another
nearby eNodeB or other resource so as to cause the WCD 18
to scan for the other resource and initiate a connection, which
thereby redirects the WCD 18 to the other 1dentified resource.

Following a rejection message or release message, the idle
WCD 18 generally mitiates the random access procedure yet
again to make a connection with the eNodeB 26. But the
cNodeB 26 may still be congested when the next preamble
message 1s recerved, at which point the eNodeB 26 may deny
the WCD 18 yet again. The process of unsuccesstully under-
taking the random access procedure may therefore be
repeated until the eNodeB 26 has adequate network resources
to allocate resources to the WCD 18, at which point a con-
nection may be successiully established. In the interim, the
communications between the WCD 18 and the eNodeB 26
consume resources on PRACH and various control channels.
Among other eflfects, the elevated communications on
PRACH leads to increased contention in the random access
procedure. Embodiments of the present disclosure provide an
enhanced approach to managing PRACH resources under
loaded conditions. In practice, upon recerving a service
request that cannot be accommodated due to network loading,
rather than send a release message, the eNodeB 26 sends a
message to mstruct the WCD 18 to 1dle and wait for a page
message belore re-attempting the random access procedure
tor the purpose of submitting a service request for the same or
greater quantity of network resources. Such a message 1s
referred to herein as a wait-for-page communication. The
eNodeB 26 saves the service request and waits for its capacity
of available network resources to increase. Once sufficient
network resources are available to accommodate the saved
service request, the eNodeB 26 pages the WCD 18, which
causes the WCD 18 to mitiate the random access procedure,
transition to connected mode, and submit another service
request to the eNodeB 26.

II. Example Signal Flow

FIG. 2 shows an example signaling process between the
WCD 18, the eNodeB 26, and the MME 34. In particular,
FIG. 2 illustrates signaling that occurs in an LTE system when
the wait-for-page communication 1s sent 1n response to a
service request. A timeline 101 indicates the timing of certain
signals 1n the signal flow diagram in FIG. 2. For example
purposes, the various communications represented in FIG. 2
are designated 1n accordance with messages used in the radio
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resource control (RRC) protocol, such as connection
requests, service requests, acknowledgements, and so on.
Moreover, 1t 1s noted that alternative implementations may
include more or less specific communications between vari-
ous entities, such as overhead communications, acknowl-
edgements, status imnquiries and reports, and so forth. The
signaling process illustrated by FIG. 2 may therefore be
supplemented and/or modified to comply with specific sig-
naling protocols, standards, etc., as will be appreciated.

The signaling process begins with the WCD 18 mitiating
the random access procedure. In practice, the WCD 18 detects
system information broadcast from the eNodeB 26, randomly
selects a preamble code, and transmits a preamble message
102 to the eNodeB 26 over PRACH at time T,. The eNodeB
26 recerves the preamble message 102 and responds with a
random access response message (RAR) 104. The RAR 104
can assign imtial uplink and downlink control channel
resources to allow the WCD 18 to exchange further informa-
tion with the eNodeB 26.

The WCD 18 uses the uplink resources assigned by the
RAR 104 and sends the eNodeB 26 an RRC Connection
Request 106. The WCD 18 then monitors the downlink
resource mdicated 1n the RAR 104 for an RRC Connection
Setup 108 from the eNodeB 26. The WCD 18 recerves the
RRC Connection Setup 108 from the eNodeB 26, at time T,
which resolves the contention 1n the random access procedure
(e.g., by matching a unique identifier included 1n the RRC
Connection Request 106). The RRC Connection Setup 108
can also include a scheduling command for the WCD 18 to
communicate additional setup information. In response to
receiving the RRC Connection Setup 108, the WCD 18 tran-
sitions to connected mode, and sends an RRC Connection
Setup Complete 110 to the eNodeB 26, which includes a

service request (e.g., by including a butler status report or the
like). The eNodeB 26 recetves the RRC Connection Setup

Complete 110 at time T ,, and determines whether to grant the
service request. The service request may specily a quantity of
data ready to be transmitted from the WCD 18, and may also
specily a particular quality of service and/or bearer type for
carrying that data. If the eNodeB 26 determines that sufficient
network resources are available to accommodate the service
request, the eNodeB 26 can communicate with the MME 34
and/or other network entities to establish tunnels for bearer
data and allocate resources for communications on the air
interface, as described above.

The eNodeB 26 can determine whether 1t has suificient
network resources available to accommodate an incoming,
service request by, for example, determining a quantity of
resource blocks (RBs) necessary to accommodate the service
request, and comparing the determined quantity with a quan-
tity of available RBs in upcoming timeslots. The determina-
tion may additionally or alternatively be made based on, for
example, comparing the quantity of available RBs with a
threshold value. As used herein, available RBs refer to RBs 1n
the eNodeB’s designated spectrum that are not already allo-
cated for use by another WCD. Thus, a given eNodeB’s
capacity ol available network resources (e.g., quantity of
available RBs) 1s generally a function of both the total band-
width of that eNodeB’s air interface and the network loading
conditions on the eNodeB. In addition, the quantity of net-
work resources available at any given time and/or requested
by a given service request may be specified by a quality of
service ((QoS) parameter (e.g., a measure of bit rate, latency,
etc.), a quality of service class 1dentifier (QCI), a number of
RBs (a bulk number or a number per unit time), a bearer type,
or another measure. As a result, the determination of whether
to grant a given service request may be made on the basis of
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whether a particular number of RBs are available per unit time
on an ongoing basis 1 addition to, or as an alternative to,
whether a particular bulk number of RBs are available during

one or more upcoming timeslots.
If the eNodeB 26 determines 1t does not have suificient
available resources to accommodate the service request (as 1n

FIG. 2), the eNodeB 26 may send the WCD 18 a “wait-for-
page” message 112 at time T,. The wait-for-page communi-
cation 112 1s interpreted by the WCD 18 as a directive that the
WCD 18 should, 1n addition to transitioning to i1dle mode,
forgo submitting certain service requests until the WCD 18
receives a page message from the eNodeB 26. In particular,
the wait-for-page communication 112 directs the WCD 18 to
idle and to not send service requests for a quantity of network

resources equal or greater than the quantity sought by the

initial service request (in the RRC Connection Setup Com-
plete 110). As such, the WCD 18 1s directed to not re-attempt
the random access procedure (and thus to refrain from trans-
mitting over PRACH) for the purpose of submitting such a
service request until the WCD 18 1s paged by the eNodeB 26.
Thus, after recerving the wait-for-page communication 112,
the WCD 18 can be configured to operate 1n 1dle mode and,
while 1dling, to consider any proposed service requests before
initiating the random access procedure for the purpose of
submitting those service requests. In practice, the WCD 18
can check whether a proposed service requests specifies an
equal or greater quantity of network resources than the quan-
tity sought initially, and to only proceed with the random
access procedure 1f the proposed service request 1s for a lesser
quantity. While 1dling, the WCD 18 also monitors a predeter-
mined downlink control channel (e.g., the PDCCH) for page
messages irom the eNodeB 26 and other system information.

To facilitate clarity and expediency in the remaining
description herein, reference 1s made to WCDs that forgo
service requests for a “greater quantity” of network resources
than an initial service request. But this description encom-
passes forgoing service requests for an equal or greater quan-
tity of network resources. For instance, 1n network resources
may be allocated 1n distinct quantities or RB groups associ-
ated with different bearer types, or traffic types, and each the
various types may be sorted according to a hierarchy based on
the quantity of network resources consumed by each. As such,
WCDs may then forgo service requests that seek a bearer type
of an equal or greater hierarchical level than the 1nitial service
request.

Moreover, in some examples, rather than directing the
WCD to forgo PRACH transmaissions only to the extent they
are used to 1mmitiate a service request for a greater quantity of
RBs than originally sought, the wait-for-page communica-
tion 112 may simply direct the WCD 18 to forgo all PRACH
transmissions. Alternatively, the wait-for-page communica-
tion 112 may 1tself include an indication of a maximum
quantity of network resources that may be requested by a
service request. In such an example, the wait-for-page com-
munication 112 may be interpreted as a directive that prohib-
its PRACH transmissions to the extent they are used to initiate
service requests for network resources in excess of the maxi-
mum 1ndicated.

The wait-for-page communication 112 may be i1mple-
mented as a modified RRC Release message that includes one
or more additional parameters configured to direct the WCD
18 to perform the desired functions. The wait-for-page com-
munication 112 may also be implemented as another modi-
fied message 1n accordance with RRC protocol, as an entirely
new RRC message, and/or as a message in accordance with
another standard or protocol.
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Meanwhile, as the WCD 18 1dles 1n response to the wait-
for-page communication 112, the eNodeB 26 saves an indi-
cation of the service request included 1in message 110 and
waits for the capacity of available network resources to
increase. Alter the capacity of available network resources
increases, the eNodeB 26 sends a page message 114 to the
WCD 18 at time T,. Upon receiving the page message 110,

the WCD 18 sends a second PRACH preamble message 116.
The eNodeB then responds with a RAR 116, and the WCD 18
sends another RRC Connection Request 120. In response, the
eNodeB 26 sends an RRC Connection Setup message 122, at
time T-.

The WCD 18 then transitions to connected mode, and
sends an RRC Connection Setup Complete 124, which 1s
received by the eNodeB 26 at time T,. As before, the RRC
Connection Setup Complete 124 can include a service
request. So long as the eNodeB 26 continues to have sulficient
network resources at time T, to accommodate the service
request, the eNodeB 26 sends an S11 application message
126 to the MME 34 that includes the service request. In
practice, the eNodeB 26 can undertake a similar determina-
tion as to whether to grant the second service request (in
message 122) as described above in connection with the
initial service request (in message 110). But because the
second service request 1s sent 1n response to the eNodeB 26
determining that 1t has sufficient resources to accommodate
the previously received service request (in message 110), the
c¢NodeB 26 1s likely to grant the second service request
unless, for example, there 1s a decrease 1n available network
resources between times T, and T, or an increase in the
quantity of network resources sought by the WCD 18.

If the eNodeB 26 determines to grant the second service
request (as i FIG. 2), the eNodeB 26, MME 34, and/or other
network entities can then exchange additional control com-
munications as necessary to establish communication links
for bearer traflic and resources on the air interface. Such

process may 1nclude, for example, authenticating the WCD
18, establishing tunnel endpoint identifiers (TEIDs) to map
packets of data between the WCD 18, the eNodeB 26, and the
SGW 30, configuring security parameters for such commu-
nications, as well as other functions. Once the communica-
tion link 1s established, the WCD 18 can exchange packets
with remote entities as desired to thereby satisty the service
request.
I1I. Example Operations

FIGS. 3 and 4 are flow charts 1llustrating processes per-
formed by separate network components to achieve efficient
use of the access channel during loaded conditions by buil-
ering mcoming service requests. The process 50 shown 1n
FIG. 3 may be performed by a base station, such as an eNo-
deB, according to an example embodiment. The process 70
shown 1 FIG. 4 may be implemented by another network
component, such as a WCD, according to an example
embodiment. It should be understood that the processes 50,
70, or portions thereol, may be implemented by other network
components or combinations of network components, and/or
may be implemented for other purposes, without departing
from the scope of the present disclosure. For clarity, the
various functions in the process 30 are described herein solely
from the perspective of an eNodeB recerving a service request
from a particular WCD, and the various functions in the
process 70 are described herein solely from the perspective of
a WCD seeking to connect with an LTE RAN via a particular
cNodeB.

At block 52, the eNodeB receives a service request from a
WCD. The service request may be mitiated by an unsched-

uled transmission on an access channel or otherwise involve
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such an unscheduled transmission on the access channel. For
example, the service request may be preceded by the random
access procedure, which 1s mitiated by a preamble message
over PRACH. At block 54, the eNodeB determines whether
network channel resources are available to accommodate the
service request. For example, the eNodeB may determine a
quantity ol RBs sought by the service request, and evaluate
whether enough RBs are available during an upcoming inter-
val to allocate to the WCD. As noted above in connection with
FIG. 2, the quantity of network resources sought by the ser-
vice request may be specified based on various factors, such
as an amount of data to be carried, a quality of service class
identifier (QCI), a bearer type, a minimum bit rate or latency,
or another indicator related to a total number of RBs and/or a
desired number of RBs per unit time. Accordingly, the eNo-
deB may make the determination at block 54 by evaluating
the quantity of traflic channel RBs available in an immediate
upcoming interval as well as on an ongoing basis and com-
paring that quantity with the quantity sought by the service
request.

If, 1n block 54, the eNodeB determines that network
resources are available to accommodate the service request,
then the process 50 proceeds to block 66. At block 66, the
eNodeB allocates network resources to the WCD and pro-
vides a schedule of the allocated resources to the WCD. The
eNodeB may also coordinate with other network entities to
establish links within the RAN for carrying bearer traffic
between the WCD and remote entities (e.g., tunnels for car-
rying communications between the WCD and a gateway sys-
tem ). Block 66 thus includes transitioning the WCD from idle
mode to connected mode. Following block 66, the WCD can
engage 1 communications with remote entities using the
allocated resources.

If, 1n block 54, the eNodeB determines instead that
resources are not available to accommodate the service
request, then the process 30 proceeds to block 56. At block 56,
the eNodeB saves an indication of the service request 1n a
memory. For example, the eNodeB may save data indicative
of the quantity of network resources sought by the service
request and a unique 1dentifier for the originating WCD to
facilitate sending a page to that WCD subsequently. As used
herein, saving data indicative of a received service request
along with 1dentifying information for the WCD that sent the
service request 1s generally referred to as “bufiering” the
service request.

At block 38, the eNodeB sends a wait-for-page communi-
cation to the WCD. As described above 1n connection with
FIG. 2, the wait-for-page communication causes the WCD to
forgo at least some transmissions on the access channel until
the WCD recetves a page message from the eNodeB. The
prohibition on transmissions over the access channel may
extend to access channel transmissions used to 1nitiate a ser-
vice request for the same or greater quantity of network
resources than the quantity sought by the initial service
request. Additionally or alternatively, the temporary prohibi-
tion caused by the wait-for-page communication may extend
to all service requests, or to service requests seeking a quan-
tity of network resources greater than a quantity specified by
the wait-for-page communication. For instance, the eNodeB
may include 1n the wait-for-page communication an indica-
tion of the quantity of its available network resources, and the
WCD can then forgo service requests seeking a greater quan-
tity.

At block 60, the eNodeB waits for the capacity of 1ts
available network resources to increase. The wait block 60
may involve iteratively evaluating the capacity of available
network resources (e.g., the quantity of available RBs) and,
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for each 1teration, determining whether the capacity 1s suili-
cient to accommodate the service request saved 1n memory.
The wait block 60 may additionally or alternatively ivolve
repetitively evaluating the capacity of available network
resources, and comparing the capacity with a threshold value.
Upon determining that the available capacity 1s suificient to
accommodate the saved service request (or exceeds a thresh-
old), the process 30 may proceed with block 62.

Meanwhile, as the eNodeB waits for 1ts capacity of avail-
able network resources to increase, 1n block 60, the WCD
operates 1n 1dle mode and monitors a predetermined control
channel for a page message. At block 62, the eNodeB may
send a page message to the WCD. The page message over-
rides the WCD’s prohibition on certain access channel trans-
missions 1imposed by the wait-for-page communication, and
thereby causes the WCD to send a second service request to
the eNodeB. The second service request may be in initiated by
an unscheduled transmission on the access channel, such as a
preamble message on PRACH.

At block 64, the eNodeB receives the second service
request from the WCD. In response to the second service
request, the process 50 may return to block 54 to again deter-
mine whether network resources are available to accommo-
date the second service request. And then, upon determining
that suificient network resources are available, the process 30
may proceed with block 66 to setup the connection. At block
66 the eNodeB can allocate resources to the WCD so as to
grant the second service request, establish links for carrying
bearer traffic through the RAN, and provides the schedule of
allocated network resources to the WCD, thereby transition-
ing the WCD to connected mode.

In some cases, the eNodeB may maintain a buffer of ser-
vice requests from multiple WCDs, and can page each WCD
in the order in which the oniginal service requests were
received. As aresult the eNodeB can page the WCDs 1n order,
which may help equalize latency associated with making
initial connections among the WCDs served by the eNodeB.
By contrast, 1n some systems, the eNodeB may make a con-
nection with whichever WCD happens to submit a connection
request immediately following an increase i available net-
work resources. To track the order of reception of multiple
service requests, the memory may store an indication of the
reception time for each received service request, for example.
Additionally or alternatively, each service request saved to
memory can be associated with an index number of another
incrementing value that can be used to determine the time
order of each saved service request.

The WCDs associated with each service request 1n the
buifer can then be paged in order once resources become

il

available. For example, the eNodeB may evaluate each buil-
ered service request individually and determine for each buil-
ered service request whether available network resources are
suificient to accommodate the service request and, if not, wait
until such resources become available. Upon determining that
suificient network resources are available to accommodate
the next one of the service requests 1n the bufler, the eNodeB
can then send a page message addressed to the WCD corre-
sponding to that service request. Then, the eNodeB can repeat
the process for the next bulfered service request (e.g., the
service request received next 1n time).

Referring now to FIG. 4, at block 72, the WCD 1nitiates
connection with an eNodeB using an unscheduled transmis-
s10n on an access channel. For example, the WCD may send
a preamble message over PRACH to mitiate the random
access procedure described above. As described 1n connec-
tion with FIG. 2, inresponse to the unscheduled transmission,

the WCD may recetve a connection setup message from the
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eNodeB, which resolves contention 1in the random access
procedure, allocates 1nitial uplink and downlink control chan-
nel resources, and transitions the WCD to connected mode. At
block 74, the WCD sends a service request for a particular
quantity of network resources. As noted in FIG. 2, the service
request may be included 1n a connection setup complete mes-
sage (e.g., by mncluding a buflers status report). The service
request may specily the particular quantity of network
resources sought by indicating a quality of service class 1den-
tifier (QCI), bearer type, bit rate, latency, or another measure
of a quantity and/or rate of resource blocks sought for the
WCD.

At block 76, the WCD receives a wait-for-page communi-
cation from the eNodeB 1n response to the servicer request.
Upon receiving the wait-for-page communication, the WCD
transitions to i1dle mode (e.g., adjusts the value of 1ts state
parameter), and monitors predetermined downlink control
channels for a page message from the base station, at block
78. While waiting for the page message (block 78), the WCD
forgoes further unscheduled transmissions to the eNodeB
over the access channel for the purpose of 1nitiating a service
request for an equal or greater quantity of network resources
than sought by the 1n1tial service request. Moreover, the WCD
may forgo access channel transmissions for the purpose of
initiating a service request for a quantity of network resources
greater than a quantity indicated by the wait-for-page com-
munication, or may simply forgo access channel transmis-
sions entirely. The reduced access channel transmissions
thereby reduce congestion over PRACH that would otherwise
occur due to repeated attempts to complete the random access
procedure.

The WCD interprets the wait-for-page communication as a
directive to cause the WCD to operate as described 1n con-
nection with block 78 (1.e., to forgo at least some use of the
access channel). The wait-for-page communication may be
implemented as an enhanced communication in accordance
with the RRC protocol, such as an RRC Release or RRC
Rejection message with one or more extra parameters. Upon
receipt, the WCD may implement the directive by tempo-
rarily removing the particular cell and/or particular base sta-
tion from a listing of available cells the WCD 1s allowed to
connect to. For example, the WCD may maintain a listing of
neighboring cells, perhaps dertved in part from system 1nfor-
mation broadcasts, and also maintain access control param-
cters associated with each cell. The access control parameters
can specily whether or not the WCD 1s permitted to mnitiate
connection with those cells (e.g., by mitiating the random
access procedure and sending a connection request). Imple-
menting the directive from the wait-for-page communication
may mvolve adjusting the access control parameters (until
receipt ol a subsequent page) such that the WCD 1s barred
from sending another connection request to the same cell for
the same connection type, or for a connection type that
demands an even greater quantity of network resources.

In addition to waiting for the page message from the par-
ticular eNodeB, 1n block 78, the WCD may also attempt to
initiate a connection with another base station. For example,
alter recerving the wait-for-page communication, the WCD
may monitor pilot signals from another eNodeB with an
overlapping coverage area, and attempt to register with such
other eNodeB. The WCD may send a registration request
and/or access request to the other eNodeB. Of course, 1n
practice, registering with the other eNodeB generally
involves using the random access procedure to initiate com-
munications with the other eNodeB. To allow the WCD to
proceed as such, the wait-for-page communication’s mstruc-
tion to forgo further access channel transmissions can be
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implemented with eNodeB specificity. For example, the
WCD may forgo sending service requests (preceded by
access channel transmissions) to the particular eNodeB that
sent the wait-for-page communication, but still send access
channel transmissions to other eNodeBs.

In the event the WCD successiully forms a connection with
another eNodeB during block 78, the process 70 may end and
the WCD may 1gnore a subsequent page message from the
particular eNodeB. Additionally or altematlvelyj upon the
WCD being registered with the network via another eNodeB,
the MME (or another network entity) may notify the particu-
lar eNodeB and that eNodeB can then remove the pending
service request from 1ts memory. Such communications may
occur, for example, in response to the WCD informing the
LTE RAN (after connecting through the other eNodeB) that
the WCD previously recetved a wait-for-page communica-
tion from the particular eNodeB.

However, 1n circumstances in which the WCD 1s unsuc-
cessiul in connecting to another base station, or in which there
are no base stations with overlapping coverage areas, the
WCD continues to wait 1n 1dle mode until it recerves a page.
Then, at block 80, the WCD recerves a page message from the
cNodeB. The page message allows the WCD to again utilize
the access channel without restriction. In other words, the
overrides the earlier instruction imposed by the wait-for-page
communication to forgo (at least some) transmissions using
the access channel. In response to receving the page mes-
sage, at block 80, the WCD again initiates connection with the
¢NodeB using an unscheduled transmission on the access
channel, at block 82. Block 82 may 1nvolve, for example, the
WCD sending a preamble message over PRACH. At block
84, the WCD sends a second service request for network
resources. Similar to the first service request, the second
service request may 1nclude a butler status report that indi-
cates data ready to be sent by the WCD and may 1ndicate a
quality of service class 1dentifier, aminimum bit-rate, latency,
or the like to specily a desired quantity and/or rate of RBs
sought by the WCD.

The eNodeB can then determine to grant the second service
request, and then exchange signals with the MME and/or
other network entities to establish links for bearer communi-
cations and allocate resources for communicating with the
WCD over the eNodeB’s air intertface. At block 86, the WCD
receives a schedule of the allocated resources from the eNo-
deB and engages 1n communication over the LTE RAN using
those resources.

IV. Example RAN Components

FIG. 5 15 a simplified block diagram of an example RAN
component 91, according to an example embodiment. In par-
ticular, FIG. 5 1llustrates functional components that might be
found 1 a RAN component 91 that i1s arranged to operate 1n
accordance with the embodiments described above. As
shown, the RAN component 91 may include a communica-
tion mtertace 90, a processing unit 92, and data storage 94, all
of which may be communicatively linked together by a sys-
tem bus, network, or one or more other connection mecha-
nisms 96. The data storage 94 may include a non-transitory
computer readable medium and includes program logic 98
that, when executed by the processing unit 92, cause the RAN
component 91 to function 1n accordance with the present
disclosure.

In practice, RAN component 91 may take the form of an
cNodeB or a WCD, or may take the form of another compo-
nent of an LTE network. Further, the 1llustrated components
of RAN component 91 (e.g., communication interface 90, a
processing unit 92, and/or data storage 94) may be dlstrlbuted
and/or subdivided between one or more entities 1 an LTE
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network and/or in another network. It should be understood
that an example system may also take the form of another
network entity or combinations of other network entities,
without departing from the scope of the present disclosure.

In RAN component 91, communication interface 90 may
comprise one or more or wired or wireless communication
interfaces and/or other associated equipment for engaging 1n
communications with other network entities and/or for
engaging in RF communications with mobile stations accord-
ing to one or more air interface protocols. Thus, the network
interface 90 may include antenna structures configured to
send and receive radio communications to define an interface
(e.g., the L'TE air interface 36 described above in connection
with FIG. 1B). The communication interface 90 may com-
prise any sort of communication link or mechanism enabling
the RAN component 91 to exchange signaling and bearer data
with other network entities, such as used to create tunnels for
passing IP packets between the PGW 32 and WCD 18. Fur-
ther, processing unit 92 may comprise one or more processors
(e.g., general purpose and/or special purpose processors),
such as microprocessors for instance.

Data storage 94 may be a non-transitory computer readable
medium. For example, data storage 94 may take the form of
one or more volatile and/or non-volatile storage components,
such as magnetic, optical, or organic storage components,
integrated 1n whole or 1n part with processing unit 92. As
further shown, data storage 94 contains program logic 98
(e.g., machine language instructions) executable by process-
ing unit 92 to carry out various functions, such as the func-
tionality of the example methods and systems described
herein.

For instance, in an example 1n which the networking node
91 1s implemented as a base station, the communication inter-
face 90 may include one or more antenna structures config-
ured to wirelessly communicate with WCDs served by the
base station over one or more scheduled channels and over an
unscheduled access channel. The base station can be config-
ured to allocate available network resources amongst the
WCDs by scheduling network traffic over the scheduled
channels so as to accommodate respective demands of the
WCDs indicated, at least i part, by respective service
requests recerved from the WCDs. A given WCD that does not
have allocated network resources on the scheduled channels
with which to communicate to the base station can be con-
figured to 1mitiate a connection with the base station by send-
ing an unscheduled transmission to the base station over the
access channel. Also, the processing unit 92 may be opera-
tively coupled to the antenna structures of the base station and
the processing unit 92 and the program logic 98 may form a
controller configured to (1) receive, at the base station, a first
service request from a particular WCD, wherein the first
service request specifies a particular quantity of network
resources; (11) responsive to receiving the first connection
request, make a first determination that a capacity of available
network resources on the scheduled channels 1s insuificient to
allocate the particular quantity of network resources to the
particular WCD; and (111) responsive to making the first deter-
mination: (a) send a wait-for-page communication to the par-
ticular WCD, wherein the wait-for-page communication
causes the particular WCD to, prior to being paged, forgo
transmitting to the base station over the access channel for the
purpose of 1mitiating a service request specilying a greater
quantity of network resources than the particular quantity of
network resources; (b) store data indicative of the received
service request in a memory; (¢) wait for the capacity of
available network resources on the scheduled channels to
increase; (d) after waiting for the capacity of available net-
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work resources on the scheduled channels to increase, make a
second determination that the capacity of available network
resources on the scheduled channels 1s sufficient to allocate
the particular quantity of network resources to the particular
WCD; and (e) responsive to making the second determina-
tion, send a page to the particular WCD.

Example embodiments have been described above. It
should be understood, however, that varnations from these
embodiments are possible, while remaining within the true
spirit and scope of the disclosure.

We claim:

1. A method of operating a wireless network system,

wherein the wireless network system includes a base sta-
tion operating to serve wireless communication devices
(WCDs) via one or more scheduled channels and an
unscheduled access channel, wherein the base station 1s
configured to allocate available network resources
amongst the WCDs by scheduling network traffic over
the scheduled channels so as to accommodate respective
demands of the WCDs indicated, at least 1n part, by
respective service requests recerved from the WCDs, the
method comprising:

receiving a first service request from a particular WCD,
wherein the first service request specifies a particular
quantity ol network resources;

responsive to receiving the first service request, making a
first determination that a capacity of available network
resources on the scheduled channels 1s msufficient to
allocate the particular quantity of network resources to
the particular WCD); and

responsive to making the first determination, the base sta-
tion:

(1) sending a wait-for-page communication to the particu-
lar WCD, wherein the wait-for-page communication
causes the particular WCD to, prior to being paged,
forgo transmitting to the base station over the access
channel for the purpose of mitiating a service request
specilying a greater quantity of network resources than
the particular quantity of network resources, wherein
prior to sending the wait-for-page communication,
determining a quantity of available network resources
on the scheduled channels and wherein the wait-1or-
page communication includes an indication of the deter-
mined quantity of available network resources so as to
further cause the particular WCD to, prior to being
paged, forgo transmitting to the base station over the
access channel for the purpose of initiating a service
request specilying a greater quantity of network
resources than the determined quantity of available net-
work resources;

(11) storing data indicative of the received service request 1n
a memory;

(111) waiting for the capacity of available network resources
on the scheduled channels to increase; and

(1v) responsive to waiting, sending a page to the particular
WCD.

2. The method of claim 1, further comprising;

responsive to sending the page to the particular WCD,
receiving a second service request from the particular
WCD, wherein the second service request 1s mnitiated by
an unscheduled transmission over the access channel
from the particular WCD to the base station; and

responsive to recerving the second service request, allocat-
ing network resources on the scheduled channels for the
particular WCD and sending the particular WCD a
schedule of the allocated network resources.
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3. The method of claim 2,

wherein the base station schedules the available network
resources of the scheduled channels in resource blocks
that each span a non-overlapping time-frequency seg-
ment of an available spectrum on the scheduled chan-
nels; and

wherein allocating network resources on the scheduled
channels for the particular WCD comprises: (1) deter-
mining a quantity of resource blocks suificient to accom-
modate the second service request, and (11) reserving the
determined quantity of resource blocks for the particular
WCD.

4. The method of claim 1, wherein the wait-for-page com-

munication further causes the particular WCD to forgo trans-
mitting to the base station over the access channel prior to the
particular WCD recerving the page message.

5. The method of claim 1,

and wheremn a given WCD that does not have allocated
network resources on the scheduled channels with
which to communicate to the base station 1s configured
to 1mitiate a connection with the base station by sending
an unscheduled transmission to the base station over the
access channel, and

wherein each of the WCDs served by the base station 1s
configured to operate alternately: 1n a connected mode,
in which the WCD communicates with the base station
using network resources, on the scheduled channels, that
are allocated by the base station, and 1n an 1dle mode, 1n
which the WCD monitors predetermined channels for
pages and does not have allocated network resources on
the scheduled channels, the method further comprising:

prior to recerving the first service request:

(1) recerving, via the access channel, an unscheduled trans-
mission from the particular WCD;

(1) sending the particular WCD a connection setup com-
munication that causes the particular WCD to transition
to connected mode; and

wherein the wait-for-page communication further causes
the particular WCD to transition to 1dle mode.

6. The method of claim 1, further comprising:

comparing the capacity of available network resources on
the scheduled channels with the particular quantity of
network resources specified by the first service request;
and

basing the first determination, at least in part, on the com-
parison of the capacity of available network resources
and the quantity of network resources specified by the

first service request.
7. The method of claim 1,

wherein waiting for the capacity of available network
resources on the scheduled channels to increase com-
prises: at least once, (1) monitoring the capacity of avail-
able network resources on the scheduled channels, (11)
comparing the momtored capacity to the particular
quantity ol network resources specified by the first ser-
vice request, and (111) determining, based on the com-
parison, whether the monitored capacity exceeds the
particular quantity of network resources; and

wherein sending the page message 1s performed responsive
to determining that the monitored capacity exceeds the
particular quantity of network resources.

8. The method of claim 1, further comprising:

the base station receiving a plurality of additional service
requests, each at a respective reception time from a
respective WCD), wherein each of the additional service
requests specifies a respective quantity of network
resources;



US 9,271,183 Bl

25

sending respective wait-for-page communications to the
respective WCDs so as to cause each of the WCDs to,
prior to being paged, forgo transmitting to the base sta-
tion over the access channel for the purpose of imitiating
a service request specilying a greater quantity ol net-
work resources than the respective quantity of network
resources;

storing an indication of the additional service requests 1n

the memory such that each of the additional service
requests 1s associated with 1ts order of reception at the
base station; and

sending pages to the respective WCDs in the order 1n which

their associated service requests are received at the base
station, such that each given page 1s sent to a given WCD
responsive to determining that the capacity of available
network resources on the scheduled channels 1s sudfi-
cient to accommodate the service request from the given
WCD.

9. A method of operating a wireless communication device
(WCD) 1n a wireless network system, wherein the wireless
network system includes a base station operating to serve a
plurality of WCDs including the WCD via one or more sched-
uled channels and an unscheduled access channel, wherein
the base station 1s configured to allocate available network
resources amongst the WCDs by scheduling network tratfic
over the scheduled channels so as to accommodate respective
demands of the WCDs indicated, at least in part, by respective
service requests received from the WCDs, the method com-
prising;:

sending a {irst service request from the WCD to the base

station, wherein the first service request specifies a par-
ticular quantity of network resources;
responsive to sending the first service request, receiving a
wait-for-page communication from the base station;

responsive to recerving the wait-for-page communication,
the WCD, prior to being paged, forgoing transmaitting to
the base station over the access channel for the purpose
of imitiating a service request specilying a greater quan-
tity of network resources than the particular quantity of
network resources;

receiving a page from the base station; and

responsive to recerving the page, sending a second service

request to the base station, wherein the second service
requests 1s in1tiated by the WCD sending an unscheduled
transmission over the access channel to the base station.

10. The method of claim 9, further comprising, responsive
to receiving the wait-for-page communication, and prior to
receiving the page, the WCD further forgoing all transmitting,
to the base station over the access channel.

11. The method of claim 9, wherein the wait-for-page
communication includes an indication of a quantity of avail-
able network resources, the method further comprising:

responsive to recerving the wait-for-page communication,

and prior to receiving the page, the WCD further forgo-
ing transmitting to the base station over the access chan-
nel for the purpose of mitiating a service request speci-
fying a greater quantity of network resources than the
indicated quantity of available network resources.

12. The method of claim 9,

wherein a given WCD that does not have allocated network

resources on the scheduled channels with which to com-
municate to the base station i1s configured to initiate a
connection with the base station by sending an unsched-
uled transmission to the base station over the access
channel; and

wherein the WCD 1s configured to operate alternately: 1 a

connected mode, 1n which the WCD communicates with
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the base station using network resources, on the sched-
uled channels, that are allocated by the base station, and
in an 1dle mode, 1n which the WCD monitors predeter-
mined channels for page messages and does not have
allocated network resources on the scheduled channels,
the method further comprising;:

prior to sending the first service request, the WCD:

(1) while 1n 1dle mode, sending, via the access channel, an
unscheduled transmission to the base station;

(1) responsive to sending the unscheduled transmission,
receiving a connection setup communication from the
base station; and

(111) responsive to receiving the connection setup message,
transitioning from 1dle mode to connected mode; and

responsive to recerving the wait-for-page communication,
transitioning to 1dle mode.

13. The method of claim 9, turther comprising:

responsive to sending the second service request, receiving

a schedule of allocated network resources.

14. A wireless network system comprising:

a base station having one or more antenna structures con-
figured to wirelessly communicate with wireless com-
munication devices (WCDs) served by the base station
over one or more scheduled channels and over an
unscheduled access channel, wherein the base station 1s
configured to allocate available network resources
amongst the WCDs by scheduling network traffic over
the scheduled channels so as to accommodate respective
demands of the WCDs 1indicated, at least in part, by
respective service requests recerved from the WCDs,
and wherein a given WCD that does not have allocated
network resources on the scheduled channels with
which to communicate to the base station 1s configured
to 1mitiate a connection with the base station by sending
an unscheduled transmission to the base station over the
access channel; and

a controller operatively coupled to the antenna structures of
the base station, wherein the controller 1s configured to:

(1) receive, at the base station, a first service request from a
particular WCD, wherein the first service request speci-
fies a particular quantity of network resources;

(1) responsive to receiving the first connection request,
make a first determination that a capacity of available
network resources on the scheduled channels 1s 1nsudfi-
cient to allocate the particular quantity of network
resources to the particular WCD); and

(111) responsive to making the first determination:

(a) send a wait-for-page communication to the particular
WCD, wherein the wait-for-page communication
causes the particular WCD to, prior to being paged,
forgo transmitting to the base station over the access
channel for the purpose of initiating a service request
specilying a greater quantity of network resources
than the particular quantity ol network resources,
wherein prior to sending the wait-for-page communi-
cation, determine a quantity of available network
resources on the scheduled channels, and include, 1n
the wait-for-page communication, an indication of
determined quantity of available network resources
so as to further cause the particular WCD to, prior to
being paged, forgo transmitting to the base station
over the access channel for the purpose of initiating a
service request specilying a greater quantity of net-
work resources than the determined quantity of avail-
able network resources;

(b) store data indicative of the received service request in
a memory;
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(c) wait for the capacity of available network resources
on the scheduled channels to increase; and

(d) responsive to waiting, send a page to the particular
WCD.

15. The wireless network system of claim 14, wherein the
controller 1s further configured to:

responsive to sending the page to the particular WCD,
receive a second service request from the particular
WCD, wherein the second service request 1s initiated by
an unscheduled transmission over the access channel
from the particular WCD to the base station; and

responsive to recerving the second service request, allocate
network resources on the scheduled channels for the
particular WCD and send the particular WCD a schedule
of the allocated network resources.

16. The wireless network system of claim 15, wherein the

controller 1s further configured to:

schedule the available network resources of the scheduled
channels 1n resource blocks that each span a non-over-
lapping time-irequency segment of an available spec-
trum on the scheduled channels: and

allocate network resources on the scheduled channels for
the particular WCD by: (1) determiming a quantity of
resource blocks sufficient to accommodate the second
service request, and (11) reserving the determined quan-
tity of resource blocks for the particular WCD.

17. The wireless network system of claim 14,

wherein each of the WCDs served by the base station 1s
configured to operate alternately: 1n a connected mode,
in which the WCD communicates with the base station
using network resources, on the scheduled channels, that
are allocated by the base station, and 1n an 1dle mode, 1n
which the WCD monitors predetermined channels for
pages and does not have allocated network resources on
the scheduled channels,
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wherein the controller 1s further configured to, prior to
receiving the first service request:

(1) receive, via the access channel, an unscheduled trans-
mission from the particular WCD); and

(1) send the particular WCD a connection setup commu-
nication that causes the particular WCD to transition to
connected mode; and

wherein the wait-for-page communication further causes
the particular WCD to transition to 1dle mode.

18. The wireless network system of claim 14, wherein the

controller 1s turther configured to:

(1) recerve, at the base station, a plurality of additional
service requests, each at a respective reception time
from a respective WCD, wherein each of the additional
service requests specifies a respective quantity of net-
work resources;

(1) send respective wait-for-page communications to the
respective WCDs so as to cause each of the WCDs to,
prior to being paged, forgo transmitting to the base sta-
tion over the access channel for the purpose of initiating
a service request specilying a greater quantity of net-
work resources than the respective quantity of network
resources;

(111) store an indication of the additional service requests in
the memory such that each of the additional service
requests 1s associated with 1ts order of reception at the
base station; and

(1v) send pages to the respective WCDs 1n the order in
which their associated service requests are received at
the base station, such that each given page 1s sent to a
given WCD responsive to determining that the capacity
of available network resources on the scheduled chan-

nels 1s suificient to accommodate the service request
from the given WCD.
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