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CONTROLLING REVERSE - DIRECTION coverage areas can be densely provisioned , any given WCD 
NEIGHBOR REPORTS BASED ON THE might receive signals from anywhere from one to several 

CHARACTERISTICS OF OUEUED BEARER dozen or more wireless coverage areas . Thus , the neighbor 
TRAFFIC reports that the WCD transmits to the RAN might contain 

5 information regarding each of these wireless coverage areas , 
CROSS - REFERENCE TO RELATED and therefore may be quite lengthy . As a consequence , the 

APPLICATION WCD may be configured to take advantage of the greater 
capacity of the bearer channels by transmitting neighbor 

This application claims priority to U . S . patent application reports on a bearer channel rather than a signaling channel . 
However , this practice may lead to a further disadvantage , incorporated by reference in its entirety . in that the WCD ' s neighbor reports may share the bearer 

BACKGROUND channel ' s capacity with the WCD ' s bearer traffic . If the 
WCD has a large extent of bearer traffic queued , or if this 

In wireless networks , wireless communication devices 15 bearer traffic is high priority or delay sensitive , transmission 
( WCDs ) may transmit various types of neighbor reports to of the neighbor reports may have a deleterious impact on the 
a radio access network ( RAN ) via a reverse - direction ( up performance of WCD applications . As a result , it may be 
link ) channel . These neighbor reports may be transmitted beneficial for the WCD to , based on one or more charac 
periodically or aperiodically . The WCD may also use the teristics of queued bearer traffic , adjust the rate of neighbor 
reverse - direction channel to transmit bearer traffic to the 20 reports that it transmits on a channel that also carries bearer 
RAN . In situations where the volume of the neighbor reports traffic . 
is significant , the transmission of bearer traffic may be Accordingly , in a first example embodiment , a WCD may 
impacted . determine that the WCD has bearer traffic queued for 

transmission to a RAN . The WCD may be configured to 
OVERVIEW 25 transmit the bearer traffic and neighbor reports over a 

reverse - direction channel of the RAN . The neighbor reports 
It is often beneficial for a WCD to be able to hand over may contain information related to wireless coverage areas . 

between various wireless coverage areas of a wireless net One or more characteristics of the bearer traffic may also be work . As the WCD moves about , or as wireless conditions determined . Based on these characteristics of the bearer between the WCD and the RAN change , the WCD may 30 traffic , the neighbor reports may be scheduled to be trans determine that the coverage it is obtaining from its serving mitted over the reverse - direction channel at a particular rate . wireless coverage area is likely to be too weak to meet the The WCD may transmit the neighbor reports over the WCD ' s needs . reverse - direction channel at the particular rate . The WCD may detect one or more neighboring wireless 
26 A second example embodiment may include a non - tran coverage areas that may be able to provide sufficient cov - 35 

erage . The WCD may report , to the RAN , the existence of sitory , computer - readable storage medium , having stored 
these wireless coverage areas and / or the respective strengths thereon program instructions that , upon execution by a 
at which the WCD receives signals from these wireless computing device , cause the computing device to perform 
coverage areas . Based on these neighbor reports , the RAN operations in accordance with the first example embodi 
and / or the WCD may perform handover procedures such 40 ment . 
that the WCD obtains a new serving wireless coverage area . A third example embodiment may include a computing 
In this way , the WCD may be able to maintain a reasonably device , involving at least a processor and data storage . The 
consistent extent of wireless coverage , which is likely to data storage may include program instructions that , when 
afford the WCD reasonably consistent data rates as well . executed by the processor , cause the computing device to 

The neighbor reports that the WCD transmits to the RAN 45 perform operations in accordance with the first example 
may be considered to be signaling traffic , while the appli - embodiment . 
cation data that the WCD transmits to the RAN may be These and other aspects and advantages will become 
considered to be bearer traffic . In some embodiments , sig - apparent to those of ordinary skill in the art by reading the 
naling traffic may consist of data that the WCD and RAN following detailed description , with reference where appro 
exchange in order to establish , maintain , and / or manage 50 priate to the accompanying drawings . Further , it should be 
communication with one another , while the bearer traffic understood that this overview and other description through 
may be traffic generated by and provided to end - user appli out this document is merely for purposes of example and is 
cations such as voice , video , email , web , gaming , and social not intended to limit the scope of the invention as claimed . 
networking applications . However , the distinction between 
signaling and bearer traffic need not be this rigid , and some 55 BRIEF DESCRIPTION OF THE DRAWINGS 
applications may support both types of traffic , for example . 

In some cases , the RAN may divide the capacity of its FIG . 1 is a block diagram of a wireless communication 
forward - direction ( downlink ) and reverse - direction ( uplink ) system , in accordance with an example embodiment . 
air interfaces into logical channels . Some of these channels FIG . 2 is a block diagram of various types RAN compo 
may be dedicated for the transport of signaling traffic 60 nents , in accordance with an example embodiment . 
( signaling channels ) , while others may be dedicated to the FIG . 3 is a block diagram of a computing device , in 
transport of bearer traffic ( bearer channels ) . In general , the accordance with an example embodiment . 
data rates required by signaling traffic are less than those FIG . 4A depicts queued traffic and associated transmis 
required by bearer traffic , so relatively little air interface s ion schedules , in accordance with an example embodiment . 
capacity may be dedicated to signaling traffic . 65 FIG . 4B also depicts queued traffic and associated trans 

In the case of the aforementioned neighbor reports , how - mission schedules , in accordance with an example embodi 
ever , this arrangement can be problematic . Since wireless ment . 

ont 
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FIG . 5 is a flow chart , in accordance with an example respectively . Each of air interface 118 , 128 , and 138 may 

embodiment . include a forward - direction link and a reverse - direction link 
for communicating with WCD 100 . Depending on the radio 

DETAILED DESCRIPTION access technology , these air interface links may take various 
5 forms and may define various channels for carrying particu 

Example methods , devices , and systems are described lar data , such as signaling data and bearer traffic for instance . 
herein . It should be understood that the words " example ” By way of example , each wireless coverage area may 
and " exemplary ” are used herein to mean “ serving as an define a pilot channel or reference channel on which the base 
example , instance , or illustration . ” Any embodiment or station may broadcast a pilot signal or reference signal . 
feature described herein as being an “ example ” or “ exem - 10 WCD 100 may detect these signals as indications of wireless 
plary ” is not necessarily to be construed as preferred or coverage , and may measure these signals to determine 
advantageous over other embodiments or features . Other w ireless coverage strength . Further , each wireless coverage 
embodiments can be utilized , and other changes can be area may define one or more signaling channels that carry 
made , without departing from the scope of the subject matter various overhead messages , such as system information 
presented herein . 15 blocks or the like , specifying characteristics and operational 

Thus , the example embodiments described herein are not parameters of the wireless coverage area , and perhaps infor 
meant to be limiting . It will be readily understood that the mation related to other wireless coverage areas . 
aspects of the present disclosure , as generally described Each wireless coverage area may also have a respective 
herein , and illustrated in the figures , can be arranged , wireless coverage area identifier , such as a Physical Cell ID 
substituted , combined , separated , and designed in a wide 20 ( PCI ) or a pseudo - noise ( PN ) offset . In FIG . 1 , for instance , 
variety of different configurations , all of which are explicitly wireless coverage areas 112 , 114 , and 116 provided by base 
contemplated herein . station 110 have identifiers 1 , 0 , and 2 , respectively . Wireless 

coverage areas 122 , 124 , and 126 provided by base station 
1 . Example Wireless Communication System 120 have identifiers 3 , 6 , and 4 , respectively . Wireless 

25 coverage areas 132 , 134 , and 136 have identifiers 5 , 1 , and 
FIG . 1 is a block diagram of an example wireless com - 7 , respectively . Note that some identifiers may be reused 

munication system . In FIG . 1 , each base station is shown between two or more base stations . 
radiating to define one or more wireless coverage areas , each Each wireless coverage area identifier may be indicated to 
of which may operate on a particular frequency band for WCDs and other base stations by the pilot or reference 
instance . In particular , base station 110 is shown radiating to 30 signal of the respective wireless coverage area , or specified 
define wireless coverage areas 112 , 114 , and 116 , base in another overhead broadcast message or signal . The wire 
station 120 is shown radiating to define wireless coverage less service provider may , for example , assign each wireless 
areas 122 , 124 , and 126 , and base station 130 is shown coverage area identifier when the wireless coverage area is 
radiating to define wireless coverage areas 132 , 134 , and installed . The wireless service provider may re - assign wire 
136 . 35 less coverage area identifiers on occasion , such as when 

The illustrated communication system may operate in additional wireless coverage areas are added to the network . 
accordance with a particular radio access technology such as When a WCD first powers on or enters into the RAN ' s 
code - division multiple access ( CDMA ) and / or Long Term wireless coverage , the WCD may scan for pilot or reference 
Evolution ( LTE ) . By way of example , the system may be an signals and determine a signal strength for each detected 
LTE RAN , in which case each base station may be an LTE 40 signal ( e . g . , a received strength or signal - to - noise ratio ) . The 
eNodeB , and the supporting network infrastructure may WCD may determine a wireless coverage area providing the 
include elements such as a mobility management entity strongest pilot or reference signal , and may engage in a 
( MME ) , serving gateway ( SGW ) and a packet data network process to register with the network by transmitting an 
gateway ( PGW ) . As another example , the system may be a attach request ( registration request ) to the base station that is 
CDMA RAN , in which case each base station may be a 45 providing that signal . In one instance , WCD 100 may 
CDMA base station known as a base transceiver station identify wireless coverage area 124 as providing the stron 
( BTS ) , and the supporting network infrastructure may gest pilot or reference signal and may then transmit an attach 
include elements such as a base station controller ( BSC ) , request to base station 120 . 
radio network controller ( RNC ) , mobile switching center At the time of attachment or thereafter , a WCD may also 
( MSC ) , and packet data serving node ( PDSN ) . Other 50 engage in signaling with the base station to enter into a 
examples are possible as well . connected mode . In the connected mode , the base station has 

FIG . 1 further depicts an example WCD 100 positioned in provisioned a radio link connection for use by the WCD , 
range of air interface communication with base station 110 , over which the WCD can engage in bearer communication 
base station 120 , and base station 130 . WCD 100 may with the base station and thereby with various other entities . 
receive wireless service from one or more of base station 55 In that mode , for instance , the WCD may engage in packet 
110 , 120 , or 130 and may thereby communicate with various data communications on the Internet and / or a voice call on 
remote network entities or with other mobile terminals via the publicly - switched telephone network ( PSTN ) . This con 
network infrastructure 150 and perhaps via one or more figuration may be referred to as the WCD receiving wireless 
transport networks 160 . service from the base station . 

In operation , each wireless coverage area in the example 60 While in the connected mode , the WCD may then con 
communication system may radiate to define an air inter - tinue to regularly scan pilot or reference signals , from both 
face . The air interface may include a forward - direction link the wireless coverage area serving the WCD and from 
( downlink ) for carrying communications from the serving various other wireless coverage areas . Alternatively or addi 
base station to served WCDs , and a reverse - direction link tionally , the base station may direct the WCD to engage in 
( uplink ) for carrying communications from served WCDs to 65 such scanning from time to time . As the WCD carries out 
the serving base station . FIG . 1 shows air interfaces 118 , this scanning , the WCD may thus again determine the signal 
128 , and 138 of wireless coverage areas 112 , 124 , and 134 , strength of various wireless coverage areas , and the identi 
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ties of those wireless coverage areas . For example , while provide wireless service within a market area . Within the 
connected to wireless coverage area 134 , WCD 100 may example communication system , components of both an 
determine the signal strength of wireless coverage areas 112 LTE RAN and a CDMA RAN are shown . While an LTE 
and 124 , among others . RAN and a CDMA RAN are shown for the purpose of 

Further , while in the connected mode , the WCD may from 5 example and explanation , the present method may be imple 
time to time transmit to its serving base station a measure - mented using any one or more RANs . For example , the 
ment report that specifies the signal strength of each wireless present method may be implemented in a market area in 
coverage area detected by the WCD . In particular , the which a wireless service provider operates an LTE RAN and 
measurement report may specify each detected wireless a GSM RAN . Moreover , the present method may be imple 
coverage area ( e . g . , by wireless coverage area identifier ) and 10 mented using a RAN that operates according to one or more 
the signal strength ( e . g . , reference signal receive strength , or other radio access technologies that have yet to be devel 
signal - to - noise ratio ) of the wireless coverage area as deter - oped . 
mined by the WCD . In practice , a given measurement report As shown in FIG . 2 , the LTE RAN includes at least 
may thus include such information for the WCD ' s currently eNodeB 220 , 240 , and 260 . ENodeB 220 radiates to provide 
serving wireless coverage area and may also include such 15 LTE wireless coverage areas 222 , 224 , and 226 , eNodeB 240 
information for each of one or more other wireless coverage radiates to provide LTE wireless coverage areas 242 , 244 , 
areas detected by the WCD . and 246 , and eNodeB 260 radiates to provide LTE wireless 

If such a measurement report specifies a signal strength of coverage areas 262 , 264 , and 266 . Further , the LTE RAN 
another wireless coverage area , the base station or other may include additional components not shown such as the 
network node may engage in a process to decide whether to 20 network infrastructure shown in FIG . 1 . 
trigger handover of the WCD to the other wireless coverage The CDMA RAN includes at least base transceiver sta 
area ( sometimes referred to as a target wireless coverage tions ( BTS ) 230 , 250 , and 270 . BTS 230 radiates to provide 
area ) . In general , this process may involve evaluating the CDMA wireless coverage areas 232 , 234 , and 236 , BTS 250 
reported signal strength of the other wireless coverage area radiates to provide CDMA wireless coverage areas 252 , 254 , 
to determine whether it is sufficiently strong to support the 25 and 256 , and BTS 270 radiates to provide CDMA wireless 
WCD , and / or whether it is sufficiently stronger than the coverage areas 272 , 274 , and 276 . Further , the CDMA RAN 
reported signal strength of the serving wireless coverage may include additional components not shown . 
area . Further , the process may involve consideration of other WCD 200 may operate within the range of these base 
factors as well , such as base station load and backhaul stations . To receive wireless service , WCD 200 may engage 
capacity for instance . 30 in air interface communication with one or more of eNodeB 

If the serving base station decides to trigger handover of 220 , 240 , and 260 of the LTE RAN . WCD 200 may also 
the WCD to a target wireless coverage area of another base engage in air interface communication with one or more of 
station , the serving base station may then reference its BTS 230 , 250 , and 270 of the CDMA RAN . Air interface 
neighbor relations table ( NRT ) of nearby wireless coverage communication with components of the LTE RAN may 
areas . The NRT may include indicators ( e . g . , PCIS ) of 35 occur concurrently with air interface communication with 
nearby wireless coverage areas . For each wireless coverage components of the CDMA RAN , or may occur separately . 
area in the NRT , the NRT may also include an address , such Components of a communication system may be co 
as an IP address , for the base station that defines the wireless located and / or integrated together in various ways . For 
coverage area . In this way , a base station or other RAN example , as a wireless service provider builds out an LTE 
component , and / or a WCD , may be able to determine how 40 RAN in the same market area as a CDMA RAN , LTE 
to communicate with a base station that defines a particular eNodeBs may be co - located with CDMA BTSs . For 
wireless coverage area . instance , in FIG . 2 , eNodeBs of the LTE RAN are shown 

For instance , the serving base station may find , in the co - located with BTSs of the CDMA RAN at cell sites . 
NRT , a particular wireless coverage area having a matching Particularly , eNodeB 220 and BTS 230 are co - located at cell 
identifier to the target wireless coverage area . Next , the 45 site 202 and share the same tower structure , as shown . 
serving base station may transmit to that other base station , ENodeB 240 and BTS 250 are co - located at cell site 204 and 
either over a direct inter - base - station interface or through also share the same tower structure . ENodeB 260 and BTS 
one or more other network entities , a handover request 270 are co - located at cell site 204 and are shown having 
message that requests the other base station to provide separate tower structures . Further , pairs of co - located base 
service to the WCD via the target wireless coverage area . 50 stations , such as eNodeB 220 and BTS 230 , may share 
The handover request message may specify the target wire - additional infrastructure , such as network infrastructure 150 
less coverage area using that wireless coverage area ' s iden - as shown in FIG . 1 . 
tifier . The other base station may then engage in a handover In general , the depictions of FIGS . 1 and 2 are illustrative . 
preparation process to establish a radio link for the WCD , Therefore , in a RAN , there could be more or fewer of each 
and the WCD may ultimately transition to be served by that 55 element than is shown , and some elements may be omitted 
other base station . altogether . Additionally , other types of elements not shown 

In general , the procedures used by the WCD and RAN to may be present . Further , any of these elements may be 
inform the RAN of wireless coverage areas detected by the combined with one another , physically or logically , or 
WCD and / or the strength at which the WCD receives signals distributed across multiple physical devices . Thus , the par 
from these wireless coverage areas may be referred to as 60 ticular arrangements shown in FIGS . 1 and 2 should not be 
neighbor relations . Neighbor relations may involve a WCD viewed as limiting with respect to the present invention . 
transmitting one or more distinct types of neighbor reports Moreover , the arrangement of the depicted wireless com 
to the RAN . Examples embodiments involving various types munication system , and the processes described herein , are 
of neighbor report procedures are described below . set forth herein for purposes of example only . Other arrange 

FIG . 2 is a simplified block diagram of an example 65 ments and elements ( e . g . , machines , interfaces , functions , 
communication system in which the present method can be orders of elements , etc . ) can be added or used instead , and 
implemented . The example communication system may some elements may be omitted altogether . Further , those 
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skilled in the art will appreciate that many of the elements ling the source wireless coverage area is aware of the PCI of 
described herein are functional entities that may be imple the target wireless coverage area . In this way , the base 
mented as discrete components or in conjunction with other station can facilitate a handover of a WCD from the source 
components , in any suitable combination and location , and wireless coverage area to the target wireless coverage area . 
that various disclosed functions can be implemented by any 5 Manually provisioning NRTs in a wireless network can be 
combination of hardware , firmware , and / or software , such as a challenging task . As wireless coverage improves , the 
by one or more processors programmed to execute computer number of base stations and wireless coverage areas in a 
instructions for instance . given geographical area tends to grow . Further , in some 

geographical areas , multiple wireless technologies may 
2 . Example Computing Device 10 exist , and inter - technology handover may take place . For 

instance , when deploying LTE in a legacy CDMA market , 
FIG . 3 is a block diagram of an example computing the LTE eNodeBs may be provisioned not only with the 

device 300 . Computing device 300 could be a standalone PCIs of neighboring source and target LTE wireless cover 
general purpose or specialized computing device . Alterna age areas , but also with similar information regarding neigh 
tively , computing device 300 could be a WCD or part of a 15 boring CDMA wireless coverage areas . As a result , manu 
RAN , such as a base station , serving gateway , packet ally provisioning an NRT may be time consuming and error 
gateway , or some other type of RAN component or com prone . 
puter . One possible improvement is to allow automatic neighbor 
As shown , computing device 300 includes a network relations ( ANR ) in base stations . With ANR activated , the 

communication interface 302 , a processing unit 304 , and 20 base stations may automatically add and / or remove entries 
data storage 306 , all of which may be communicatively from their respective NRTs . In some embodiments , these 
linked together by a system bus , network , or other connec functions may be implementation - specific , with different 
tion mechanism 308 . Computing device 300 may also eNodeB vendors employing different techniques and thresh 
include additional components , functions and / or interfaces olds in order to determine when to add or remove entries . 
not shown in FIG . 3 , such as a keyboard , a mouse , a touch 25 As one possible example , WCDs may periodically or 
screen , a monitor , a printer , and / or one or more ports that from time to time transmit ANR reports to the RAN . The 
interface with such devices , for example a universal serial RAN may instruct the WCD when to do so , and / or the WCD 
bus ( USB ) or high - definition multimedia interface ( HDMI ) may decide on its own when these reports are to be trans 
port . mitted . For instance , when the WCD detects a signal with a 

Network communication interface 302 may support com - 30 strength of - 108 dB or more from a particular wireless 
munication with various other network entities , such as any coverage area , the WCD may add the PCI of that wireless 
of the network entities shown in FIG . 1 or 2 . As such , the coverage area to its ANR reports . Should this signal strength 
interface 302 may include one or more network interface later drop below - 108 dB , the WCD may remove the PCI 
modules , such as Ethernet , Wifi , BLUETOOTH® , and / or from its ANR reports . 
wide - area wireless connection network interface modules , 35 Each ANR report may include a list of PCIs , and possibly 
or any other type of wired and / or wireless communication signal strengths associated with each PCI . The presence of 
interfaces . a particular PCI in an ANR report may indicate that the 

Processing unit 304 may comprise one or more general WCD is receiving , or has recently received , signals ( e . g . , 
purpose processors ( e . g . , microprocessors ) and / or one or pilot signals or reference signals ) from the PCI . Further , the 
more special purpose processors ( e . g . , application specific 40 ANR report may also include respective strengths at which 
integrated circuits , digital signal processors , and / or network the WCD received signals from each PCI . 
processors ) . Data storage 306 may comprise one or more The RAN may then determine whether to add an entry to 
volatile and / or non - volatile non - transitory storage compo - the NRT of the WCD ' s serving eNodeB . For example , 
nents , such as optical , magnetic , or flash storage , and may be suppose that the WCD is served by a wireless coverage area 
integrated in whole or in part with processing unit 304 . 45 with a PCI of A ( “ PCI A " ) . Suppose further that the WCD 
As shown , data storage 306 may hold program instruc - transmits an ANR report indicating that the WCD received 

tions 310 and data 312 . Program instructions 310 may be signals from PCIs B , C , and D . The RAN may then auto 
executable by processing unit 304 to carry out various matically add entries for PCI A and PCI B , PCI A and PCI 
functions described herein and / or depicted in the accompa - C , and PCI A and PCI D , to the NRT of the eNodeB that 
nying drawings . Data 312 could be any data that is gener - 50 defines PCI A . These entries indicate that when PCI A is the 
ated , received , stored , or used in connection with carrying source wireless coverage area , WCDs served by PCI A can 
out such functions . be handed off to any of the target wireless coverage areas 

PCI B , C , or D . 
3 . Example Neighbor Report Procedures In some cases , the RAN may consider the signal strengths 

55 associated with each of the target wireless coverage areas 
For purposes of illustration , this section describes several when determining whether to add entries to the NRT based 

examples of neighbor reports and the procedures that WCDs also on these signal strengths . For instance , if the WCD 
and / or RAN components may engage in while exchanging reports high signal strengths from PCI B and PCI D , but a 
neighbor information . The embodiments described herein low signal strength from PCI C , the entry involving PCI A 
are generally directed to LTE systems , but the same or 60 and PCI C might not be added to the NRT . Whether a signal 
similar embodiments may exist for other types of wireless strength is considered sufficiently high or low for these 
technologies , such as CDMA or Wifi . purposes may be based on one or more threshold signal 

In order to facilitate handovers and / or for other purposes , strengths . If the strength at which the WCD receives signals 
each base station may be provisioned with an NRT . Each from the wireless Coverage area is at or above such a 
entry of an NRT may include the respective PCIs of source 65 threshold signal strength , the RAN may add the PCI of the 
and target wireless coverage areas . The presence of such an wireless coverage area to the NRT as a target wireless 
entry indicates that the base station ( e . g . , eNodeB ) control - coverage area . If the strength at which the WCD receives 
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signals from the wireless coverage area is below the thresh WCD may perform the detection and measuring functions 
old signal strength , the RAN might not add the PCI of the more or less frequently than the WCD reports the results of 
wireless coverage area to the NRT . In this way , the NRT of these functions to the RAN . 
each base station may grow automatically based on neigh As noted above , a WCD might receive signals from 
boring wireless coverage areas detected by WCDs . 5 anywhere from one to several dozen or more wireless 

The RAN may also automatically determine when to coverage areas . Thus , the neighbor reports that the WCD 
remove entries from the NRT . For instance , suppose that an transmits to the RAN might contain information regarding 
eNodeB that defines PCI A contains an NRT entry relating each of these wireless coverage areas , and therefore may be 
source wireless coverage area PCI A to destination wireless quite lengthy . As a consequence , the WCD may be config 
coverage area PCI B . If the RAN does not receive an ANR 10 ured to use a bearer channel , rather than or in addition to a 
report containing PCI B from any WCDs served by PCI A signaling channel , to transmit these reports . 
for a period of time , the RAN may remove the NRT entry However , this may lead to neighbor reports sharing the 
from the eNodeB that defines PCI A . Alternatively or bearer channel ' s capacity with the WCD ' s bearer traffic . If 
additionally , if the RAN does receive one or more such ANR the WCD has a large amount of bearer traffic queued , or if 
reports , but the signal strength ( s ) for PCI B indicated by 15 this bearer traffic is high priority or delay sensitive , trans 
these ANR report ( s ) are below the signal strength threshold , mission of the neighbor reports may have a deleterious 
the RAN may remove the NRT entry from the eNodeB that impact on the performance of WCD applications . As a result , 
defines PCI A . Thus , when a potential target wireless cov - it may be beneficial for the WCD to , based on the one or 
erage area is removed from service or configured in such a more characteristics of queued bearer traffic , adjust the 
way that its coverage is weak for WCDs served by a 20 frequency at which it transmits neighbor reports . 
particular source wireless coverage area , entries involving The one or more characteristics may include , for example , 
this target wireless coverage area may be removed from the one or more quantitative characteristics , such as an amount 
NRT of the base station that defines the source wireless of bearer traffic . Alternatively or additionally , the one or 
coverage area . more characteristics may include one or more qualitative 

In addition to or as an alternative to ANR reports , a WCD 25 characteristics , such as a priority or a delay sensitivity of the 
may periodically or from time to time transmit measurement delay traffic . 
reports to its serving base station . Each entry in a measure - FIGS . 4A and 4B depict various examples of how a WCD 
ment report may specify the PCI of a wireless coverage area might dynamically adapt the frequency at which it sends 
as well as the strength at which the WCD receives signals these neighbor reports based on the characteristics of bearer 
from that wireless coverage area . For instance , when the 30 traffic that the WCD has queued for transmission . For 
WCD detects a signal with a strength of - 110 dB or more instance , the WCD may be configured by default to transmit 
from a particular wireless coverage area , the WCD may add neighbor reports at a particular default rate . Based on the 
the PCI of that wireless coverage area to its measurement characteristics of the queued bearer traffic , the WCD may 
reports . Should this signal strength later drop below - 110 adjust this rate . 
dB , the WCD may remove the PCI from its measurement 35 For instance , in FIG . 4A , queued bearer traffic 400 
reports . includes three units of best effort ( e . g . , low priority ) traffic 

The measured signal strength may be reported in units of between its head and tail . Further , the queue length of 
received signal strength or signal - to - noise ratio , for instance , queued bearer traffic 400 is less than a queue length thresh 
of the wireless coverage area ' s pilot signal or reference old . Possibly as a result of these characteristics , reverse 
signal . A given measurement report may include such infor - 40 direction transmission schedule 402 indicates that the WCD 
mation for one or more wireless coverage areas . For should transmit two units of bearer traffic for each unit of 
instance , the WCD may include in the report all wireless neighbor reports . 
coverage areas from which it receives a signal , or all In another example , queued bearer traffic 404 includes six 
wireless coverage areas from which it receives a signal units of best effort traffic between its head and tail . Thus , the 
above a threshold signal strength . In some cases , the RAN 45 queue length of queued bearer traffic 404 is greater than the 
may transmit a list of wireless coverage areas ( e . g . , a list of queue length threshold . Possibly as a result of these char 
PCIs ) to the WCD , and the WCD may include , in the report , acteristics , reverse - direction transmission schedule 406 indi 
only information regarding the wireless coverage areas in cates that the WCD should transmit three units of bearer 
the list . traffic for each unit of neighbor reports . This may allow the 

The frequency at which a WCD transmits ANR reports 50 bearer traffic to be transmitted frequently enough so that the 
and / or measurement reports may be determined by the queue length of queued bearer traffic 404 is reduced to less 
RAN , the WCD , or both . For instance , the RAN might than the queue length threshold . 
instruct the WCD to transmit ANR reports at a particular In still another example , FIG . 4B depicts queued bearer 
frequency , and measurement reports at a different frequency . traffic 408 including one unit of best effort traffic , as well as 
Based on its configuration , and possibly other factors , the 55 three units of high - priority traffic , between its head and tail . 
WCD may transmit these reports at the provided frequen - Even though the queue length of queued bearer traffic 408 is 
cies , or may select different frequencies so that one or both less than the queue length threshold , it may be desirable for 
of these reports are transmitted more or less frequently , or at the WCD to transmit the high - priority traffic in an expedi 
non - periodic intervals . tious fashion . Thus , reverse - direction transmission schedule 

The transmission of a neighbor report from a WCD to a 60 410 indicates that the WCD should transmit four units of 
RAN may follow the WCD taking measurements that are to bearer traffic for each unit of neighbor reports . This may 
be reported in the measurement report . Thus , for example , if allow the bearer traffic to be transmitted frequently enough 
the WCD is instructed by the RAN to transmit a particular so that the high - priority traffic of queued bearer traffic 408 
type of neighbor report once every 120 seconds , the WCD is transmitted with reasonably little interference from neigh 
may attempt to detect the appropriate PCIs and / or measure 65 bor reports . 
the appropriate signal strengths every 120 seconds and In yet another example , queued bearer traffic 412 includes 
report these measurements to the RAN . Alternatively , the two units of best effort traffic , two units of high - priority 

acte 
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traffic , and two units of delay - sensitive traffic , between its traffic exceeds a delay - sensitivity threshold , the particular 
head and tail . Also , the queue length of queued bearer traffic rate may be based on the delay - sensitivity of at least some 
412 exceeds the queue length threshold . Possibly as a result of the bearer traffic exceeding a delay - sensitivity threshold . 
of these characteristics , reverse - direction transmission At block 506 , the neighbor reports may be transmitted 
schedule 414 indicates that the WCD should transmit five 5 over the reverse - direction channel at the particular rate . The 
units of bearer traffic for each unit of neighbor reports . This reverse - direction channel may be an LTE uplink shared 
may allow the bearer traffic to be transmitted frequently channel . However , the reverse - direction channel may be any 
enough so that the delay - sensitive bearer traffic is transmit other type of channel , such as a CDMA channel or a Wifi 
ted expeditiously , and the high - priority bearer traffic is channel , for instance . 
transmitted with reasonably little interference from neighbor 10 Although FIG . 5 illustrates operations that may be per 
reports . formed by a WCD to determine a schedule for transmission 
FIGS . 4A and 4B are merely examples of ways in which of neighbor reports , one or more of these operations may 

the frequencies of neighbor report transmissions may be also be performed by a RAN component , or some other 
based on one or more characteristics of queued bearer traffic . device , to determine the schedule . In such a case , the 
Other embodiments are possible . Thus , the reverse - direction 15 schedule may then be provided to the WCD . For instance , in 
transmission schedules may be based on the queue length of some embodiments , a WCD may transmit , to a RAN com 
the queued bearer traffic , the type of the queued bearer ponent , a representation of its queued bearer traffic , and then 
traffic , or some combination thereof . For instance , delay - block 502 and / or block 504 may be performed by a RAN 
sensitive queued bearer traffic may result in the frequency of component . 
scheduled neighbor report transmissions being lower than 20 
those when high - priority bearer traffic is queued . 5 . Conclusion 

Further , the WCD may maintain the same frequency and 
schedule for various types of neighbor reports ( e . g . , ANR The present disclosure is not to be limited in terms of the 
reports and measurement reports ) . However , in other particular embodiments described in this application , which 
embodiments , the WCD may maintain a different frequency 25 are intended as illustrations of various aspects . Many modi 
and / or schedule for each type of neighbor report . fications and variations can be made without departing from 

its scope , as will be apparent to those skilled in the art . 
4 . Example Operations Functionally equivalent methods and apparatuses within the 

scope of the disclosure , in addition to those enumerated 
FIG . 5 is a flow chart in accordance with an example 30 herein , will be apparent to those skilled in the art from the 

embodiment . The operations of this flow chart may be foregoing descriptions . Such modifications and variations 
carried out by a computing device , such as computing device are intended to fall within the scope of the appended claims . 
300 . The above detailed description describes various features 
At block 500 , it may be determined that a WCD has bearer and functions of the disclosed systems , devices , and meth 

traffic queued for transmission to a RAN . The WCD may be 35 ods with reference to the accompanying figures . The 
configured to transmit the bearer traffic and neighbor reports example embodiments described herein and in the figures 
over a reverse - direction channel of the RAN . are not meant to be limiting . Other embodiments can be 

The neighbor reports may contain information related to utilized , and other changes can be made , without departing 
wireless coverage areas . For instance , the neighbor reports from the scope of the subject matter presented herein . It will 
may contain indications of one or more wireless coverage 40 be readily understood that the aspects of the present disclo 
areas from which the WCD receives signals at or above a sure , as generally described herein , and illustrated in the 
threshold signal strength . Alternatively or additionally , the figures , can be arranged , substituted , combined , separated , 
neighbor reports may contain indications of strengths at and designed in a wide variety of different configurations , all 
which the WCD receives signals from one or more wireless of which are explicitly contemplated herein . 
coverage areas . The WCD may be configured by default to 45 With respect to any or all of the message flow diagrams , 
transmit the neighbor reports at a default rate . scenarios , and flow charts in the figures and as discussed 
At block 502 , one or more characteristics of the queued herein , each step , block , and / or communication can repre 

bearer traffic may be determined . At block 504 , the neighbor sent a processing of information and / or a transmission of 
reports may be scheduled to be transmitted over the reverse information in accordance with example embodiments . 
direction channel at a particular rate . The particular rate may 50 Alternative embodiments are included within the scope of 
be based on the one or more characteristics of the queued these example embodiments . In these alternative embodi 
bearer traffic . ments , for example , functions described as steps , blocks , 

In some embodiments , the particular rate may be greater transmissions , communications , requests , responses , and / or 
than the default rate . In other embodiments , the particular messages can be executed out of order from that shown or 
rate may be less than the default rate . When determining the 55 discussed , including substantially concurrent or in reverse 
one or more characteristics of the queued bearer traffic order , depending on the functionality involved . Further , 
involves determining that a queue length of the bearer traffic more or fewer blocks and / or functions can be used with any 
exceeds a queue length threshold , the particular rate may be of the ladder diagrams , scenarios , and flow charts discussed 
based on the queue length of the bearer traffic exceeding the herein , and these ladder diagrams , scenarios , and flow charts 
queue length threshold . When determining the one or more 60 can be combined with one another , in part or in whole . 
characteristics of the queued bearer traffic involves deter - A step or block that represents a processing of information 
mining that a priority of at least some of the bearer traffic can correspond to circuitry that can be configured to perform 
exceeds a priority threshold , the particular rate may be based the specific logical functions of a herein - described method 
on the priority of at least some of the bearer traffic exceeding or technique . Alternatively or additionally , a step or block 
the priority threshold . When determining the one or more 65 that represents a processing of information can correspond 
characteristics of the queued bearer traffic involves deter - to a module , a segment , or a portion of program code 
mining that a delay - sensitivity of at least some of the bearer ( including related data ) . The program code can include one 
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or more instructions executable by a processor for imple 5 . The method of claim 1 , further comprising : 
menting specific logical functions or actions in the method determining that a delay - sensitivity of at least some of the 
or technique . The program code and / or related data can be bearer traffic exceeds a delay - sensitivity threshold , 
stored on any type of computer readable medium such as a wherein the particular rate is also based on the delay 
storage device including a disk , hard drive , or other storage 5 sensitivity of at least some of the bearer traffic exceed 

ing the delay - sensitivity threshold . 
medium . 6 . The method of claim 1 , further comprising : The computer readable medium can also include non determining that a queue length of the bearer traffic 
transitory computer readable media such as computer - read exceeds a queue length threshold , wherein the particu 
able media that store data for short periods of time like lar rate is also based on the queue length of the bearer 
register memory , processor cache , and random access traffic exceeding the queue length threshold . 
memory ( RAM ) . The computer readable media can also 7 . The method of claim 1 , wherein the reverse - direction 
include non - transitory computer readable media that store channel is an LTE uplink shared channel . 
program code and / or data for longer periods of time . Thus , 8 . The method of claim 1 , wherein the reverse - direction 
the computer readable media may include secondary or 15 channel is a reverse - direction bearer channel . 

15 9 . An article of manufacture including a non - transitory persistent long term storage , like read only memory ( ROM ) , computer - readable medium , having stored thereon program optical or magnetic disks , compact - disc read only memory instructions that , upon execution by a wireless communica ( CD - ROM ) , for example . The computer readable media can tion device ( WCD ) , cause the WCD to perform operations 
also be any other volatile or non - volatile storage systems . A comprising : 
computer readable medium can be considered a computer 20 determining that the WCD has bearer traffic queued for 
readable storage medium , for example , or a tangible storage transmission , wherein the WCD is configured to trans 
device . mit the queued bearer traffic and neighbor reports over 
Moreover , a step or block that represents one or more a reverse - direction channel of a radio access network ; 

information transmissions can correspond to information determining that a priority of at least some of the bearer 
transmissions between software and / or hardware modules in 25 traffic exceeds a priority threshold ; and 
the same physical device . However , other information trans transmitting the neighbor reports over the reverse - direc 
missions can be between software modules and / or hardware tion channel at a particular rate , wherein the WCD is 
modules in different physical devices . configured by default to transmit the neighbor reports at 

The particular arrangements shown in the figures should a default rate , and wherein the particular rate is less 
not be viewed as limiting . It should be understood that other 30 than the default rate and is based on the priority of at 
embodiments can include more or less of each element least some of the bearer traffic exceeding the priority 
shown in a given figure . Further , some of the illustrated threshold . 
elements can be combined or omitted . Yet further , an 10 . The article of manufacture of claim 9 , wherein the 
example embodiment can include elements that are not neighbor reports contain information related to wireless 
illustrated in the figures . 35 coverage areas . 

While various aspects and embodiments have been dis - 11 . The article of manufacture of claim 10 , wherein the 
closed herein , other aspects and embodiments will be appar neighbor reports contain indications of one or more wireless 
ent to those skilled in the art . The various aspects and coverage areas from which the WCD receives signals at or 
embodiments disclosed herein are for purposes of illustra - above a threshold signal strength . 
tion and are not intended to be limiting , with the true scope 40 12 . The article of manufacture of claim 10 , wherein the 
being indicated by the following claims . neighbor reports contain indications of strengths at which 

the WCD receives signals from one or more wireless Cov 
What is claimed is : erage areas . 
1 . A method comprising : 13 . The article of manufacture of claim 9 , the operations 
determining , at a wireless communication device ( WCD ) , 45 further comprising : 

that the WCD has bearer traffic queued for transmis determining that a delay - sensitivity of at least some of the 
sion , wherein the WCD is configured to transmit the bearer traffic exceeds a delay - sensitivity threshold , 
queued bearer traffic and neighbor reports over a wherein the particular rate is also based on the delay 
reverse - direction channel of a radio access network ; sensitivity of at least some of the bearer traffic exceed 

determining that a priority of at least some of the bearer 50 ing the delay - sensitivity threshold . 
traffic exceeds a priority threshold ; and 14 . The article of manufacture of claim 9 , the operations 

transmitting the neighbor reports over the reverse - direc - further comprising : 
tion channel at a particular rate , wherein the WCD is determining that a queue length of the bearer traffic 
configured by default to transmit the neighbor reports at exceeds a queue length threshold , wherein the particu 
a default rate , and wherein the particular rate is less 55 lar rate is also based on the queue length of the bearer 
than the default rate and is based on the priority of at traffic exceeding the queue length threshold . 
least some of the bearer traffic exceeding the priority 15 . The article of manufacture of claim 9 , wherein the 
threshold . reverse - direction channel is an LTE uplink shared channel . 

2 . The method of claim 1 , wherein the neighbor reports 16 . The article of manufacture of claim 9 , wherein the 
contain information related to wireless coverage areas . 60 reverse - direction channel is a reverse - direction bearer chan 

3 . The method of claim 2 , wherein the neighbor reports nel . 
contain indications of one or more wireless coverage areas 17 . A computing device comprising : 
from which the WCD receives signals at or above a thresh at least one processor ; 
old signal strength . data storage ; and 

4 . The method of claim 2 , wherein the neighbor reports 65 program instructions , stored in the data storage , that upon 
contain indications of strengths at which the WCD receives execution by the at least one processor cause the 
signals from one or more wireless coverage areas . computing device to perform operations including : 



US 9 , 973 , 982 B1 
15 16 

determining that the computing device has bearer traffic 
queued for transmission , wherein the computing 
device is configured to transmit the queued bearer 
traffic and neighbor reports over a reverse - direction 
channel of a radio access network ; 

determining that a priority of at least some of the bearer 
traffic exceeds a priority threshold ; and 

transmitting the neighbor reports over the reverse 
direction channel at a particular rate , wherein the 
WCD is configured by default to transmit the neigh - 10 
bor reports at a default rate , and wherein the par 
ticular rate is less than the default rate and is based 
on the priority of at least some of the bearer traffic 
exceeding the priority threshold . 

18 . The computing device of claim 17 , wherein the 15 
neighbor reports contain indications of one or more wireless 
coverage areas from which the computing device receives 
signals at or above a threshold signal strength . 

19 . The computing device of claim 17 , the operations 
further including : 

determining that a delay - sensitivity of at least some of the 
bearer traffic exceeds a delay - sensitivity threshold , 
wherein the particular rate is also based on the delay 
sensitivity of at least some of the bearer traffic exceed 
ing the delay - sensitivity threshold . 25 

20 . The computing device of claim 17 , the operations 
further including : 

determining that a queue length of the bearer traffic 
exceeds a queue length threshold , wherein the particu 
lar rate is also based on the queue length of the bearer 30 
traffic exceeding the queue length threshold . 

20 
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