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INDICATING AVAILABILITY OF RF RESOURCES AT A PEER BASE STATION IN A TWO-

WAY PEER-TO-PEER COMMUNICATION SYSTEM

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to wide area communication
networks and more particularly to methods and apparatus for wireless peer-to-peer

communications implemented over a wide area network.

BACKGROUND

[0002] Multi-site land mobile radio systems typically utilize Ileased
communication lines to interconnect radio repeater infrastructure devices (e.g.,
fixed base stations) with a central call control server. The recurring costs of the
leased communication lines, as well as the capital investment required to deploy
multiple radio repeater infrastructure entities and a specialized call control server
can result in relatively high system costs. Multi-site land mobile radio systems
are primarily utilized to provide emergency communications to police officers,

fire fighters and other emergency responders.

[0003] Professional and commercial entitics, such as retail store chains, school
systems, utilities companies, transportation companies and construction
companies, can also benefit from the use of multi-site land mobile radio systems
but, due to the recurring costs and the required capital investment, such entities
generally do not deploy such systems. Companies who operate over large
geographic areas or in different regions may require hundreds or even thousands
of fixed radio repeater base stations to implement a suitable multi-site wide area

land mobile radio system. Moreover, such a system would require multiple
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central call servers, which themselves would need to be connected over separate

leased lines, thus creating significant additional operational expenses.

[0004] One alternative for enabling peer-to-peer communications between users
of such entities are two-way radio dispatch systems designed to operate over a
wide area network (WAN). The two-way radio dispatch system includes multiple
sites distributed over a wide area. At each physical site a minimal complexity
base station is provided. Each base station can locate and establish connections to
other peer base stations deployed at other physical sites directly over the Internet
(or other WAN). As such, the peer base stations can communicate with each
other over an Internet Protocol (IP) network without communicating through a
centralized call control center, such as a Mobile Switching Center (MSC), or
public telephone network, etc. This greatly reduces the costs for the entities that
purchase the base stations devices to set up a two-way radio dispatch system.
Once the peer base stations have established a connection with one another other
over the Internet, the infrastructure for setting up a two-way radio dispatch system
is deployed, and wireless communication devices located at one particular
physical site can then communicate (via the base station) with other wireless
communication devices located at the other physical sites. Industries including
transportation, education, construction, manufacturing, energy and utilities,
private security, government, hospitality, retail, and many others are finding that
these two-way radio systems are relatively easy and inexpensive to deploy, and
that they can improve efficiency, worker productivity and responsiveness by

allowing mobile teams to share business and customer information instantly.

[0005] In many cases, such two-way radio systems support group communication
or “group call” functionality for allowing simultaneous communications to a
group of mobile wireless communications devices (WCDs). However, problems
can arises when the number of communication groups attempting to

simultaneously communicate with a base station exceeds the maximum number of
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inbound radio frequency (RF) resources (IRFRs) available at the base station. For
instance, base stations used in some two-way radio systems can only
simultaneously support inbound communications of a small fixed number (e.g.,
two or four) of communication groups using different RF sub-channels or
different time slots within of a particular RF sub-channel. Also base stations used
in some two-way radio systems can only simultancously support outbound
communications of a small fixed number of communication groups using different
RF sub-channels or different time slots within of a particular RF sub-channel. In
such a system, if the number of simultaneous group communications exceeds the
fixed number of outbound RF resources (ORFRs) at a site, then there will not be
RF resources for at least one of the group communications and end-users might
mistakenly believe that their group communications are sucessfully completed

when there are not adequate RF resources to support them.

BRIEF DESCRIPTION OF THE FIGURES

[0006] The accompanying figures, where like reference numerals refer to
identical or functionally similar elements throughout the separate views, together
with the detailed description below, are incorporated in and form part of the
specification, and serve to further illustrate embodiments of concepts that include
the claimed invention, and explain various principles and advantages of those

embodiments.

[0007] FIG. 1 is a block diagram which illustrates a wide area peer-to-peer
(WAPP) communications network used to implement a two-way peer-to-peer
communication system that includes a plurality of peer base stations coupled to
one another over an IP network, and a plurality of mobile wireless communication

devices (WCDs);
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[0008] FIG. 2 is a communication flow diagram which illustrates distribution of
information during a group communication from a wireless communication
device (WCD) at one peer base station to other peer base stations and other
wireless communication devices (WCDs) at the other peer base stations in the

communications network of FIG. 1;

[0009] FIG. 3 is a communication flow diagram which illustrates a method for a
peer base station to selectively indicate availability of its outbound RF resources
to at least one of its peer base stations and its registered WCDs during a group
communication scenario in a two-way peer-to-peer communication system in

accordance with some embodiments;

[0010] FIG. 4 is flow chart illustrating processing performed at a peer base station
upon receiving a group communication packet and a peer busy indicator in

accordance with some embodiments;

[0011] FIG. 5 is a communication flow diagram which illustrates a method for a
peer base station to selectively indicate availability of its outbound RF resources
to at least one of its peer base stations and some of its registered WCDs during a
group communication scenario in a two-way peer-to-peer communication system

in accordance with some embodiments; and

[0012] FIG. 6 is flow chart illustrating processing performed at a peer base station
upon receiving a group communication packet and a peer busy indicator in

accordance with some embodiments.

[0013] Skilled artisans will appreciate that elements in the figures are illustrated
for simplicity and clarity and have not necessarily been drawn to scale. For
example, the dimensions of some of the elements in the figures may be
exaggerated relative to other elements to help to improve understanding of

embodiments of the present invention.
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[0014] The apparatus and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present
invention so as not to obscure the disclosure with details that will be readily
apparent to those of ordinary skill in the art having the benefit of the description

herein.

DETAILED DESCRIPTION
[0015] Embodiments of the present invention generally relate to group
communications in a two-way peer-to-peer communication system comprising a
plurality of peer base stations. In such systems, each WCD registers with a
particular peer base station such that any communications to/from the WCD pass
through that particular peer base station. Each WCD can be “affiliated” with a
particular communication group, and each peer base station is also affiliated with
all communication groups to which its registered WCDs are affiliated. As such,
cach of the peer base stations can be affiliated with one or more communication
groups. The peer base stations regularly broadcast, to each of the other peer base
stations in the network, information regarding (1) identifiers of their registered
WCDs and (2) communication group identifiers for each communication group
that the peer base station is affiliated with. This way, each of the peer base
stations is aware of other peer base stations that have common group affiliations,
and when a particular peer base station receives a group communication from one
of its registered WCDs, the particular peer base station can then forward that
group communication to other peer base stations that are also affiliated with that
particular communication group. The other peer base stations can then transmit
that group communication to their registered WCDs that are also affiliated with

the particular communication group.
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[0016] When WCDs belonging to a particular communication group are
distributed at different peer base stations in a peer-to-peer wide area network, it is
undesirable if a group communication transmitted by one WCD can not be
received by all WCDs belonging to that particular communication group.

[0017] Techniques are provided for blocking inbound RF communications at peer
base stations that share a common group affiliation when one or more WCDs
belonging to the particular communication group can not receive the group
communication. According to one implementation of these techniques, when a
first peer base station receives a group communication from one of its registered
WCDs that consumes a last remaining outbound RF resource (ORFR) of the first
peer base station, the first peer base station sends a peer busy indicator (PBI)
message to all peer base station sharing a common group affiliation. The peer base
stations that receive this PBI message transmit an inbound channel busy indicator
(ICBI) message to their registered WCDs to block inbound communications from
their registered WCDs. In one implementation, the ICBI message is addressed to
all registered WCDs and blocks all inbound communications from registered
WCDs unless the registered WCDs belong to a communication group that has
been allocated an inbound RF resource (IRFR) and ORFR for communication
with the first peer base station. In another implementation, the ICBI message is
addressed to registered WCDs belonging to a specific communication group or set
of specific communication groups, and blocks inbound communications from
registered WCDs that belong to a specific communication group or set of specific
communication groups. WCDs that receive the ICBI message can not transmit
when they receive the ICBI message. As such, the ICBI messages can be used to
selectively block inbound communications at some peer base stations, while
allowing inbound communications from selected communication groups, and
while allowing inbound communications from other communication groups at

other peer base stations..
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[0018] Some embodiments of the present invention relate to protocols, methods
and apparatus for indicating availability of inbound RF resources (IRFRs) of fixed
peer base stations that can be used, for example, in a two-way peer-to-peer
communication system comprising a plurality of peer base stations including a
first peer base station at a first site and a plurality of first wireless communication
devices (WCDs) registered with the first peer base station. The plurality of first
wireless communication devices (WCDs) include a first wireless communication
device (WCD) affiliated with a first communication group having a first
communication group identifier. When the first peer base station receives a first
group packet, destined for WCDs belonging to the first communication group,
from the first WCD, the first peer base station may allocate its last remaining
IRFR for communications of the first communication group. In response, the first
peer base station transmits a first peer busy indicator (PBI) to each of the other
peer base stations that have at least one affiliated communication group in
common with the first peer base station. The first PBI indicates that all outbound
RF resources (ORFRs) of the first peer base station are currently in use. In
reponse to the first PBI, the recipient peer base stations transmit, over-the-air
(OTA), an inbound channel busy indictor (ICBI) to their registered WCDs. The
registered WCDs interpret the inbound channel busy indictor (ICBI) to mean that
no inbound communications are permitted since all IRFRs of the first peer base
station are currently in use.

[0019] In one implementation the two-way peer-to-peer communication system
includes a first peer base station at a first site, a second peer base station at a
second site, a plurality of first wireless communication devices (WCDs) registered
with the first peer base station including a first wireless communication device
(WCD) affiliated with a first communication group, and a plurality of second
WCDs registered with the second peer base station including a second wireless
communication device (WCD) affiliated with the first communication group. The

first peer base station has a first inbound radio frequency (RF) resource (IRFR)
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and a first oubound RF resource (ORFR) that has not yet been allocated, and a
second IRFR and a second ORFR that have been allocated for communications of
the second communicaton group. When the first peer base station receives a first
group packet (destined for WCDs belonging to the first communication group)
from the first WCD, the first peer base station allocates the first IRFR and the first
ORFR for communications of the first communication group, and determines that
it has no additional IRFRs or ORFRs available for allocation of another
communication group. The first peer base station then determines which of the
other peer base stations have at least one affiliated communication group in
common with the first peer base station. For instance, in this example, the second
peer base station is also affiliated with the first communication group. The first
peer base station then transmits a peer busy indicator (PBI) to each of the other
peer base stations that have at least one affiliated communication group in
common with the first peer base station (including the second peer base station).
The first PBI indicates that all IRFRs and ORFRs of the first peer base station are
currently in use since the first peer base station is busy supporting
communications associated with the first communication group and the second
communication group. The recipient peer base stations will then interpret the first
PBI as a trigger to send an Inbound channel busy indicator (ICBI) to their
registered WCDs to indicate that all their ORFRs of the are occupied and that
inbound communications from the WCDs can not be supported.

[0020] Embodiments of the present invention can apply to a number of network
configurations. Prior to describing some embodiments with reference to FIGS. 3-
6, one example of a network configuration in which these embodiments can be

applied will now be described with reference to FIG. 1.

[0021] FIG. 1 is a block diagram which illustrates a wide area peer-to-peer
(WAPP) communications network 100 used to implement a two-way peer-to-peer

communication system that includes a plurality of peer base stations 132, 134, 136,
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138 coupled to one another over an IP network 140, and a plurality of wireless
communication devices (WCDs) 102, 104, 106, 108, 110, 112, 114, 116, 118, 120.
Examples of such two-way peer-to-peer communication systems are described
with reference to a number of standards. Several standards have been developed
or are continuing to be developed that relate to digital two-way radio systems, and
these standards describe techniques for improving spectral efficiency. Examples
of such standards include, the Terrestrial Trunked Radio (TETRA) Standard of the
European Telecommunications Standards Institute (ETSI), Project 25 of the
Telecommunications Industry Association (TIA) and ETSI’s digital mobile radio
(DMR) Tier-2 Standard, which are incorporated by reference herein in their
entirety. The TETRA standard is digital standard used to support multiple talk
groups on multiple frequencies, including one-to-one, one-to-many and many-to-
many calls. The TETRA standards and DMR standards have been and are
currently being developed by the European Telecommunications Standards
Institute (ETSI). The ETSI DMR Tier-2 standard is yet another digital radio
standard that describes such two-way peer-to-peer communication system. Any
of the TETRA standards or specifications or DMR standards or specifications
referred to herein may be obtained at
http://www.etsi.org/WebSite/Standards/StandardsDownload.aspx or by contacting
ETSI at ETSI Secretariat, 650, route des Lucioles, 06921 Sophia-Antipolis Cedex,
FRANCE. Project 25 defines similar capabilities, and is typically referred to as
Project 25 Phase I and Phase II. Project 25 (P25) or APCO-25 refer to a suite of
standards for digital radio communications for use by federal, state/province and
local public safety agencies in North America to enable them to communicate
with other agencies and mutual aid response teams in emergencies. The Project
25 (P25) specifies standards for the manufacturing of interoperable digital two-
way wireless communications products. Developed in North America under state,
local and federal representatives and Telecommunications Industry Association

(TIA) governance, P25 is gaining worldwide acceptance for public safety, security,
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public service, and commercial applications. The published P25 standards suite is
administered by the Telecommunications Industry Association (TIA Mobile and
Personal Private Radio Standards Committee TR-8). Any of the P25 standards or
specifications referred to herein may be obtained at TIA, 2500 Wilson Boulevard,

Suite 300, Arlington, VA 22201.

[0022] Notably, the two-way peer-to-peer communication system does not
include a centralized controller, and the peer base stations 132, 134, 136, 138 can
communicate with each other without communicating through a traditional
centralized call controller used in dispatch communication systems, such as a
Zone Controller or Comparator. As such, the term “peer base station” as used
herein refers to a base station that is designed to communicate with another peer
base station without utilizing a centralized controller. The network 100 illustrated
in FIG. 1 is a simplified representation of one particular network configuration,
and many other network configurations are possible. Although not illustrated in
FIG. 1, it will be appreciated by those skilled in the art that the network can
include fewer or additional peer base stations 132, 134, 136, 138, and fewer or

additional WCDs 102, 104, 106, 108, 110, 112, 114, 116, 118, 120.

[0023] Each WCD 102-120 can belong to a communication group
(communication group A (CGA), CGB, CGC, CGD, ..., CGX) which has its own
communication group identifier.  Each of the members of a particular
communication group (CGA, CGB, CGC, CGD, ..., CGX) share a
communication group identifier that distinguishes those WCDs from other WCDs
in the network that do not belong to the communication group. The WCDs
belonging to a particular communication group are authorized to receive
communications intended for that particular communication group. For example,
WCD 1 102 belongs to or is a member or “affiliate” of communication group A
(CGA), wherecas WCD 3 106 belongs to or is a member or “affiliate” of

communication group B (CGB). Upon coming within communication range of a
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particular peer base station 132-138, each WCD registers with that particular peer
base station. When a WCD associates with a particular peer base station, the
WCD registers its device identifier (e.g., MAC address) and its communication
group identifier (CGI) with that particular peer base station. The peer base
stations communicate their registered CGls to each other. This way, a particular
peer base station “affiliates” with all communication groups that it has received
CGls for (from WCDs), and other peer base stations will send or push any group
communications affiliated with that particular peer base station to the particular
peer base station so that the particular peer base station can then transmit those
group communications (associated with the WCD’s CGI) over the air to the
WCD. Each peer base station 132-138 then becomes “affiliated” with each of the
communication groups that have been registered with that particular peer base
station (i.e., for each of the communication groups of its registered WCDs). The
peer base stations 132-138 can exchange affiliation information with each other.
For example, when a WCD 102 register/affiliates to particular peer base station
132, then that particular peer base station 132 can provide its affiliation
information to all other peer base stations 134-138 (or at least those known to
have an affiliation with the same communication group or groups that have been
affiliated at the particular peer base station 132). This way cach peer base station
132-138 knows where other member WCDs of the particular communication
group are located. For example, peer base station 132 knows that WCD 104 (that
belongs to the particular communication group (CGA)) is located at peer base

station 134.

[0024] In one implementation of the network 100, each particular peer base
station (e.g., peer base station 1 132) and WCD (e.g, WCD 102) can
communicate with one another using an “inbound” 25 kilo Hertz (kHz) frequency
band or channel and an “outbound” 25 kHz frequency band or channel. As used

herein, the term “inbound” refers to a communication originating from a portable
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wireless communication device that is destined for a fixed peer base station,
whereas the term “outbound” refers to a communication originating from a fixed

peer base station that is destined for a portable wireless communication device.

[0025] It is desirable to improve or increase “spectral efficiency” of such systems
so that more end-users can communicate more information in a given slice of RF
spectrum. In some two-way digital radio systems, a particular channel, such as
the 25 kHz channel described above, that historically carried a single call at a
given time can be divided to allow for a single channel to carry two (or more)
calls at the same time. In the context of the implementation described above, for
instance, the 25 kHz inbound and outbound sub-channels can be further divided
using either Frequency-Division Multiple Access (FDMA) or Time-Division
Multiple Access (TDMA) technologies to increase the number of WCDs that can

simultaneously utilize those sub-channels.

[0026] FDMA splits the channel frequency into two smaller sub-channels that can
carry separate calls side-by-side. For example, Project 25 Phase [ uses 12.5 kHz
channels and currently uses FDMA for both trunked and conventional digital
systems. In such implementations, a single 25 kHz channel can be divided into a
12.5 kHz outbound sub-channel for use by the peer base station when
communicating to one of its registered WCDs and a 12.5 kHz inbound sub-
channel for use by one of the registered WCDs when communicating with its peer
base station. In still other implementations, the inbound 12.5 kHz sub-channel can
be further divided into two 6.25 kHz sub-sub-channels to allow two WCDs to
communicate with their peer base station at any given time using different 6.25
kHz frequency segments of the inbound sub-channel, and the outbound 12.5 kHz
sub-channel can also be divided into two 6.25 kHz sub-sub-channels for

communications from the peer base station to the two WCDs.

[0027] By contrast, TDMA preserves the full channel width, but divides a channel

into alternating time slots that can each carry an individual call. For example,
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Project 25 Phase II will add two-slot TDMA capabilities for digital trunked radio
and the ETSI DMR Tier-2 standard calls for two-slot TDMA in 12.5 kHz
channels. For instance, in the example described above, use of the 12.5 kHz
inbound sub-channel can be further divided into two alternating time slots so that
a particular WCD can use the entire 12.5 kHz inbound sub-channel during a first
time slot to communicate with the peer base station, and another portable
communication device can use the entire 12.5 kHz inbound sub-channel during a
second time slot to communicate with the peer base station. Similarly, use of the
12.5 kHz outbound sub-channel can also be divided into two alternating time slots
so that the particular peer base station can use the entire 12.5 kHz outbound sub-
channel to communicate with a particular wireless communication device (or
communication group of wireless communication devices) during a first time slot,
and can use the entire 12.5 kHz outbound sub-channel to communicate with
another particular wireless communication device (or another communication

group of wireless communication devices) during a second time slot.

[0028] As can be seen from the following description, regardless of the multiple
access technique that is implemented, the RF resources available for
communicating between a base station and its associated wireless communication
devices are limited. As used herein, the term “RF resources” refers to a sub-sub-
channel or a time slot within a sub-channel. One example of an RF resource is a
time slot in TDMA-based systems, and another example is a frequency channel in
FDMA-based systems. At any given time, a single RF resource can be allocated
to either a communication group (e.g., one WCD communicating with two or
more other WCDs) or a communication pair (e.g., two WCDs communicating

only with each other).

[0029] FIG. 2 is a communication flow diagram which illustrates distribution of
information during a group communication from a wireless communication

device (WCD) at one peer base station to other peer base stations and other
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wireless communication devices (WCDs) at the other peer base stations in the
communications network of FIG. 1. For purposes of the description that follows,
each peer base station has two IRFRs and two ORFRs available for use by two of
its registered WCDs. However, in other implementations, each peer base station
can have more than two IRFRs and more than two ORFRs available. In the
example illustrated in FIG. 1, communication group x (CGx) is using one of the
IRFRs and one of the ORFRSs at peer base station 1 132 and one of the IRFRs and
one of the ORFRs at peer base station 1 132; communication group x (CGx) is
also using one of the IRFRs and one of the ORFRs at peer base station 2 134.
Thus, in the descriptions that follow, it is presumed that peer base station 1 132
has only one remaining IRFR and only one remaining ORFR available since the
others are being used by communication group x (CGx), and that peer base station
1 132 and peer base station 2 134 each have only one remaining IRFR and only
one remaining ORFR available since the other is being used by communication

group x (CGx).

[0030] As illustrated by communication 210, peer base station 1 132 receives a
communication group A (CGA) packet (referred to hercin as “CGA packet”
which can be a single packet or multiple packets) that is destined for WCDs that
belong to (or are “affiliates” or “members of”) CGA. The CGA packet is
intended for WCDs having a communication group identifier which indicates that
those WCDs are associated with CGA. In this particular example, WCD 2 104 is
the only other WCD that belongs to (or is “affiliated with”) CGA (CGA). In this
particular example, peer base station 1 132 determines that it and peer base station
2 134 are “affiliated” with CGA. In this example, CGA packet(s) consume the
second IRFR of peer base station 1 132 such that peer base station 1 132 has no
remaining IRFRs for use by other WCDs (not belonging to CGX or CGA). As
illustrated by communication 215 in FIG. 2, peer base station 1 132 transmits or

“repeats” the CGA packet OTA for reception by any members of CGA that are
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located at its site and within communication range along with an ICBI (inbound
channel busy indicator). In this embodiment, an ICBI (inbound channel busy
indicator) is a busy indicator that is sent from a peer base station over-the-air
(OTA) to one or more WCDs within communication range of that peer base
station. An ICBI (inbound channel busy indicator) is used to indicate that the peer
base station is presently busy and that recipient WCDs are not to attempt inbound
communications to their peer base station. In one implementation, the ICBI
(inbound channel busy indicator) comprises one or more bits of a common
announcement channel (CACH) that is transmitted over-the-air (OTA) by the peer
base station 1 132 as part of the outbound bit stream tranmitted to its associated
WCDs. In such an implementation, the CACH occurs in the outbound
communication stream between adjacent time slots, and each of the WCDs
regularly monitors the CACH regardless of which communication group they
belong to. WCDs that are already transmitting inbound communications to peer
base station 132, such as WCD 102 and WCD 118, disregard or ignore the ICBI
since those WCDs were allowed to initiate their inbound communications before
the inbound busy indicator bits were set. Other WCDs (not illustrated) that
receive the ICBI interpret these bits as an indication to “hold off” and not send
inbound communications to the peer base station 1 132 since all IRFRs of the peer

base station 1 132 are presently busy.

[0031] As illustrated in FIG. 2 by communication 220, the peer base station 1 132
transmits the CGA packet to each of the other peer base stations that are affiliated
with CGA (i.e., have at least one WCD that belongs to CGA), which in this

example is the peer base station 2 134.

[0032] As illustrated by communications 230 and 240 of FIG. 2, the peer base
station 2 134 transmits an outbound communication over-the-air (OTA) that
includes the CGA packet and an ICBI (inbound channel busy indicator). For sake
of simplicity, WCD 120 is not illustrated in FIG. 2; however, WCDs 104, 106,
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120 (and other WCDs within range of peer base station 2 134) will all receive this
outbound communication (to the extent they are within communication range of
peer base station 2 134) even though WCD 120 is not illustrated. The CGA
affiliate WCDs (e.g., WCD 2 104) process/decode the CGA packet while the
other WCDs 106, 120 will not since they are not affiliated with CGA. For
instance, in a TDMA-based system, only WCD 104 will decode information sent
on a time slot reserved for CGA (i.e., must be listening at the same time the peer
base station is transmitting), and the other WCDs would decode the time slot that
pertains to them (if any). By contrast in a FDMA-based system, the WCDs 106,
120 will ignore any packets that are not addressed to their communication groups
CGB, CGX. Each of the registered WCDs 104, 106, 120 will receive the ICBI
(inbound channel busy indicator). The ICBI indicates to the recipient WCDs 104,
106 and 120 that the IRFRs for communicating to the peer base station 2 134 are
“busy” or unavailable for communication at the present time. In other words, the
recipient WCDs 104, 106 and 120 interpret the inbound channel busy indictor
(ICBI) to mean that no inbound communications are permitted since all IRFRs of

the peer base station 2 134 are currently in use.

[0033] As illustrated by communication 250 of FIG. 2, the WCD 4 108, which is
affiliated with communication group B (CGB), can communicate a CGB packet to
peer base station 3 136. Peer base station 3 136 is affiliated with CGB and is also
affiliated with communication group C (CGC) and communication group D
(CGD). Peer base station 2 134, which is out of ORFRs, is also affiliated with
CGB. However, peer base station 3 136 is unaware that ORFRs are unavailable at
peer base station 2 134. As illustrated by communication 260, when peer base
station 3 136 transmits the CGB packet to other peer base stations affiliated with
CGB, which includes only peer base station 2 134 in this example, peer base
station 2 134 will not be able to repeat the CGB packet and transmit it OTA to its
registered WCDs which include WCD 3 106, as illustrated by broken
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communication at 270. This is problematic since the user of WCD 4 108 is likely
to assume that all members of CGB (including the user of WCD 3 106) are

receiving the CGB packet when this is not so.

[0034] FIG. 3 is a communication flow diagram which illustrates a method 300
for a peer base station 134 to selectively indicate availability of its ORFRs to at
least one of its peer base stations 136 and its registered WCDs during a group
communication scenario in a two-way peer-to-peer communication system in
accordance with some embodiments. In the example illustrated in FIG. 3, like
that illustrated in FIG. 1, communication group x (CGx) is using one of the IRFRs
and one of the ORFRs at peer base station 1 132; communication group x (CGx)
is also using one of the IRFRs and one of the ORFRs at peer base station 2 134.
Thus, in the descriptions that follow, peer base station 1 132 has only one
remaining IRFR available since the other is being used by communication group x
(CGx), and peer base station 1 132 and peer base station 2 134 each have only one
remaining ORFR available since the other is being used by communication group
x (CGx).

[0035] As illustrated by communication 310, peer base station 1 132 receives a
communication group A (CGA) packet (referred to herein as “CGA packet”) that
is destined for WCDs that belong to (or “are affiliates or members of””) CGA. The
CGA packet is intended for WCDs having a communication group identifier
which indicates that those WCDs are associated with CGA. In this particular
example, WCD 2 104 is the only other WCD that belongs to (or is “affiliated
with”) CGA (CGA). The peer base station 1 132 determines whether it has any
other ORFRs available for communicating with WCDs at its site, and if not,
identifies any of the other peer base stations that are “affiliated” with CGA and
CGX. In this example, CGA packet(s) consume the second IRFR and second
ORFR of peer base station 1 132 such that peer base station 1 132 has no
remaining IRFRs or ORFR’s for use by other WCDs (not belonging to CGX or
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CGA). In this particular example, peer base station 1 132 determines that it has
no other IRFRs or ORFR’s available for communicating with WCDs at its site,
and determines that peer base station 2 134 is also affiliated with CGA and CGX.

[0036] As illustrated by communication 315 in FIG. 3, peer base station 1 132
transmits or “repeats” the CGA packet OTA for reception by any members of
CGA that are located at its site and within communication range along with an
ICBI (inbound channel busy indicator) that indicates that all IRFRs of the peer
base station 1 132 are currently in use or “busy.” Normally, the recipient WCDs
102, 118 would interpret the inbound channel busy indictor (ICBI) to mean that
no inbound communications are permitted since all IRFRs of the peer base station
1 132 are currently in use. However, WCDs that are already transmitting inbound
communications to peer base station 132, such as WCD 102 and WCD 118,
disregard or ignore the ICBI since those WCDs were allowed to initiate their
inbound communications before the ICBI was transmitted. To explain further,
peer base station 132 was not transmitting the ICBI prior to WCD 118 initiating
CGX communications and WCD 102 initiating CGA communications. As such,
WCDs 102, 118 ignore or disregard this ICBI since peer base station 132
previously allowed (and is presently allowing) CGA, CGX communications that
should be permitted to continue. In one implementation, the ICBI comprises one
or more bits in a common announcement channel (CACH) that is transmitted
OTA Dby the peer base station 1 132. Other WCDs (not illustrated) that receive the
ICBI interpret these bits as an indication to “hold off” and not send inbound
communications to the peer base station 1 132 since all IRFRs of the peer base

station 1 132 are presently busy.

[0037] As illustrated in FIG. 3 by communication 320, the peer base station 1 132
transmits the CGA packet to each of the other peer base stations that are affiliated
with CGA (i.e., have at least one WCD that belongs to CGA), which in this

example is the peer base station 2 134.
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[0038] Peer Busy Indicator

[0039] A “peer busy indicator (PBI)” is a busy indicator signal that is sent from a
peer base station to one or more other peer base stations to indicate to the
recipient peer base station that all ORFRs of the transmitting peer base station are
“busy” and that the transmitting peer base station currently has no ORFRs
available to support communications of additional communication groups. A PBI
is sent from one peer base station to another peer base station only when the
ORFRs of the transmitting peer base station are fully utilized to support existing
communications. A PBI can be sent anytime there is a change in state regarding
the peer base station’s ORFRs. A PBI includes communication group identifiers
(e.g., CGA, CGB, etc.) associated with communication groups for which ORFRs
of the transmitting peer base station are unavailable. The recipient peer base
station interprets the PBI as indicating that ORFRs of the transmitting peer base
station are unavailable or “busy.” A PBI triggers the recipient peer base station to
generate and send an ICBI unless the recipient peer base station is already
transmitting an ICBI, in which case the that recipient peer base station ignores the

PBI and does not transmit an ICBI.

[0040] In one implementation, such as the embodiments illustrated in FIGS. 3 and
4, the ICBI (that is generated in response to the PBI) can be general and indicate
that all ORFRs of the transmitting peer base station are unavailable. In this
implementation, inbound communications on specified IRFRs will be blocked for
all communication groups other than the communication groups that the IRFRs
are already allocated to. In another implementation, such as that illustrated in
FIGS. 5 and 6, the ICBI generated by the recipient peer base station can further
specify communication group identifiers associated with communication groups
that are currently using IRFRs of the transmitting peer base station. In yet another
implementation, such as that illustrated in FIGS. 5 and 6, the ICBI (that is

generated in response to the PBI) can indicate that IRFRs of the transmitting peer



WO 2010/027602 PCT/US2009/053243

Docket No.: CE17739

20

base station are unavailable for communications by one or more specified inactive
communication groups of the transmitting peer base station (e.g., CGB). In this
implementation, inbound communications on specified IRFRs will be blocked for

particular or specific communication groups.

[0041] In one implementation, a peer busy indicator (PBI) includes (1) an
identifier for the peer base station that generates the PBI, and (2) a first
communication group identifier that specifies a first communication group that is
using the last remaining IRFR of the peer base station. In another implementation,
described below with reference to FIGS. 4-6, a peer busy indicator (PBI) includes
(1) an identifier for the peer base station that generates the PBI, and (2) a first
communication group identifier that specifies a first communication group that is
using a first ORFR of the peer base station, and a second communication group
identifier that is using a second ORFR of the peer base station. In some
implementations, the PBI can also specify the specific ORFRs of the transmitting
peer base station that are in use. In other implementations where the peer base
station has more than two ORFRs, additional communication group identifiers can

be included for communication groups that are using other ORFRs.

[0042] As illustrated in FIG. 3 by communication 325, the peer base station 1 132
also transmits a PBI (peer BS 1 busy indicator: CGA and CGX) to any other peer
base stations that share a common affiliation (CGA, CGX) with the peer base
station 1 132. In this particular example, the peer base station 1 132 transmits a
PBI only to the peer base station 2 134 because its affiliated with CGA and CGX
(i.e., has communication group affiliations in common with the peer base station 1
132). In this particular example, peer base station 1 132 transmits the PBI (peer
BS 1 busy indicator: CGA and CGX) to the peer base station 2 134 to indicate that
peer base station 1 132 is busy with communications involving CGA and CGX
and has no other ORFRs available to support additional communications

involving another communication group (CGB, CGC, CGD, ...). The recipient
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peer base station 2 134 interprets the PBI to mean that peer base station 1 132 has
no additional ORFRs (i.e., supports two active communication groups, one of

which is CGA and the other being CGX).

[0043] Peer base station 2 134 then performs processing as illustrated, for
example, in FIG. 4. FIG. 4 is flow chart illustrating processing performed at a
peer base station upon receiving a group communication packet and a PBI in

accordance with some embodiments.

[0044] At step 410, the peer base station 2 134 receives the CGA packet and the
PBI (peer BS 1 busy indicator: CGA and CGX).

[0045] At step 430, the peer base station 2 134 determines that it has no additional
ORFRs available to support additional communication groups and transmits an
outbound communication (or communications in some embodiments) that
includes the CGA packet and an ICBI (inbound channel busy indicator) over-the-
air (OTA) to WCDs within its communication range. For example, as illustrated
by communications 330 and 340 of FIG. 3, the peer base station 2 134 transmits
an outbound communication over-the-air (OTA) that includes the CGA packet
and an ICBI (inbound channel busy indicator). All of the registered WCDs 104,
106, 120 will receive both CGA packet and the ICBI (inbound channel busy
indicator). As explained above, only the CGA affiliate WCDs (e.g., WCD 2 104)
process the CGA packet. The CGA affiliate WCDs are WCDs that are registered
with peer base station 2 134 and belong to or are “affiliates of” CGA and thus
destined to receive the CGA packet. The ICBI indicates to the recipient WCDs
104, 106, 120 (and any other WCDs in communication range of peer base station
2 134) that the IRFRs to the peer base station 2 134 are “busy” or unavailable for
communication at the present time. In other words, the recipient WCDs interpret
the inbound channel busy indictor (ICBI) to mean that inbound communications

are not permitted unless the registered WCDs belong to one of the communication
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groups that have already been allocated an IRFR from inbound communications,

which in the example illustrated in FIG. 1 are recipient WCDs 104, 120.

[0046] Referring again to FIG. 4, at step 440, peer base station 2 134 determines
which of its peer base stations has at least one affiliated communication group in
common with peer base station 2 134. In this particular example of one possible
network configuration, the peer base station 1 132 is also affiliated with CGA (i.e.,
has CGA in common with peer base station 2 134) and peer base station 3 136 is
also affiliated with communication group B (CGB) (i.e., has CGB in common
with peer base station 2 134). If peer base station 2 134 determines that none of
its peer base stations have an affiliated communication group in common at step

440, then the method 400 proceeds to step 442, where method 400 ends.

[0047] If peer base station 2 134 determines that at least one of its peer base
stations have an affiliated communication group in common at step 440, then the
method 400 proceeds to step 450. At step 450, the peer base station 2 134 sends a
PBI (peer BS 2 busy indicator: CGA and CGX) to its peer base stations having at
least one affiliated communication group in common with peer base station 2 134
(i.e., the other peer base stations that also support one of its affiliated
communication groups). The PBI (peer BS 2 busy indicator: CGA and CGX)
indicates to recipient peer base stations 132, 136 that the peer base station 2 134 is
busy supporting communications of CGA and CGX and currently does not have
ORFRs available for other new communications through peer base station 2 134,
As illustrated via communications 350 and 352 of FIG. 3, in the example network
configuration of FIG. 1, peer base station 2 134 sends the PBI (peer BS 2 busy
indicator: CGA and CGX) to peer base station 1 132, which is also affiliated with
CGA and CGX, and to peer base station 3 136, which is affiliated with CGD,
CGC and CGB. The recipient peer base station 1 132 and peer base station 3 136
interpret the PBI to mean that peer base station 2 134 has no additional ORFRs

(i.e., supports two active communication groups, one of which is CGA).
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[0048] Upon receiving the PBI (peer BS 2 busy indicator: CGA and CGX), peer
base station 1 132 ignores the PBI (peer BS 2 busy indicator: CGA and CGX)
since it is already transmitting an ICBI (step 315) to its WCDs. Upon receiving
the PBI (peer BS 2 busy indicator: CGA and CGX), as illustrated by
communication 360 of FIG. 3, peer base station 3 136, sends an ICBI (inbound
channel busy indicator) to all registered WCDs within communication range of
peer base station 3 136. Although not illustrated, in this example, this includes at
least WCDs 108, 110, 112, respectively, even though WCD 110, 112 are not
illustrated in FIG. 3 for purposes of clarity. The ICBI (inbound channel busy
indicator) transmitted by peer base station 3 136 stops recipient WCDs (including
registered WCDs 108, 110, 112) that are affiliated with peer base station 3 136,
but that are not part of one of the active communication groups CGA, CGX from
transmitting inbound communications to their peer base station 3 136. Therefore
this ICBI stops WCDs 110, 112 which are affiliated with CGC and CGD
respectively from transmitting inbound, prohibiting inbound communication to
WCDs 114 and 116, respectively. Notably although peer base station 2 134 also
received the PBI (peer BS 2 busy indicator: CGA and CGX), peer base station 2
134 does not send a PBI to peer base station 4 138 because there were no common
group affiliations. Therefore peer base station 4 138 does not transmit an ICBI.
Notably, WCDs 114, 116 are still allowed to transmit packets inbound to peer
base station 4 138 so that peer base station 4 138 may route those packets to peer
base station 3 136 so that peer base station 3 136 can transmit those packets to

WCDs 110, 112, respectively.

[0049] Thus, in contrast to the sequence illustrated in FIG. 2, each of the recipient
WCDs including WCD 108 will be prevented or prohibited from communicating
inbound CGB packets since peer base station 3 136 sent an ICBI to WCDs 108,
110, 112 on the outbound channel. Inbound communications from all of the

recipient WCDs at peer station 3 136 including WCD 108 will be stopped until
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ORFRs are available at peer base station 2 134. This way all WCDs affiliated
with communication group B (CGB) will have the same opportunity to receive the
CGB packet(s).

[0050] Although not illustrated, when WCD 102 stops communicating CGA
packets to peer base station 1 132, peer base station 1 132 no longer routes CGA
packets to peer base station 2 134. Because an IRFR will become available at
peer base station 1 132, peer base station 1 132 stops transmitting its ICBI and
also stops sending the PBI (peer BS 2 busy indicator: CGA and CGX) to peer
base station 2 134. Similarly, because an ORFR will become available at peer
base station 2 134, peer base station 2 134 stops sending the PBI (peer BS 2 busy
indicator: CGA and CGX) to peer base station 1 132, which is affiliated with
CGA, and to peer base station 3 136, which is affiliated with CGB. In response,
peer base station 1 132 and peer base station 3 136 stop transmitting their

respective ICBIs.

[0051] FIG. 5 is a communication flow diagram which illustrates a method 500
for a peer base station 134 to selectively indicate availability of its ORFRs to at
least one of its peer base stations 136 and some of its registered WCDs during a
group communication scenario in a two-way peer-to-peer communication system
in accordance with some embodiments. In the example illustrated in FIG. 5, like
that illustrated in FIGS. 1-4, communication group x (CGx) is using one of the
IRFRs at peer base station 1 132 and one of the outbound RF resources (ORFRs)
at peer base station 1 132; communication group x (CGx) is also using one of the
outbound RF resources (ORFRs) at peer base station 2 134. Thus, in the
descriptions that follow, peer base station 1 132 has only one remaining IRFR
available since the other is being used by communication group x (CGx), and peer
base station 1 132 and peer base station 2 134 each have only one remaining
ORFR available since the other is being used by communication group x (CGx).

Moreover, in the embodiments illustrated in FIGS. 5 and 6, communications 510-
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525 of FIG. 5 are identical to communications 310-325 of FIG. 3. For sake of
brevity, those communications will not be repeated in the description of FIG. 5

that follows.

[0052] Upon receiving the PBI (peer BS 1 busy indicator: CGA and CGX)
(transmitted at step 525), peer base station 2 134 then performs processing as
illustrated, for example, in FIG. 6. FIG. 6 is flow chart illustrating processing 600
performed at a peer base station 134 upon receiving a group communication
packet and a PBI (peer BS 1 busy indicator: CGA and CGX) in accordance with

some embodiments.

[0053] At step 610, the peer base station 2 134 receives the CGA packet and the
PBI (peer BS 1 busy indicator: CGA and CGX).

[0054] At step 630, the peer base station 2 134 determines that it has no additional
ORFRs available to support additional communication groups and transmits an
outbound communication (or communications in some embodiments) that
includes the CGA packet and an ICBI over-the-air (OTA) to WCDs within its
communication range. For example, as illustrated by communications 530 and
540 of FIG. 5, the peer base station 2 134 transmits an outbound communication
over-the-air (OTA) that includes the CGA packet and an ICBI (inbound channel
busy indicator: CGA and CGX). All of the registered WCDs 104, 106, 120 will
receive both CGA packet and the ICBI (inbound channel busy indicator: CGA and
CGX). As explained above, only the CGA affiliate WCDs (e.g., WCD 2 104)
process the CGA packet. The CGA affiliate WCDs are WCDs that are registered
with peer base station 2 134 and belong to or are “affiliates of” CGA and thus
destined to receive the CGA packet. The ICBI (inbound channel busy indicator:
CGA and CGX) indicates to the recipient WCDs 104, 106, 120 (and any other
WCDs in communication range of peer base station 2 134) that the ORFRs and
the IRFRs of the peer base station 2 134 are busy and therefore unavailable for

use by other communication groups at the present time. In other words, the
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recipient WCDs 104, 106 and 120 interpret the inbound channel busy indictor
(ICBI) to mean that no inbound communications are permitted since all IRFRs of

the peer base station 2 134 are currently in use.

[0055] In this embodiment, peer base station 2 134 has determined that it has
no additional ORFRs available, and can proactively “busy” its inactive
communication groups in advance by sending PBIs to selected ones of its peer
base stations that also are affiliated with those inactive communication groups. As
illustrated in FIG. 6, at step 635, peer base station 2 134 determines and identifies
which ones of its affiliated communication groups are currently inactive. Inactive
communication groups are those that the peer base station 2 134 is affiliated with
and that are not currently using any ORFRs and IRFRs of peer base station 2 134.
In this particular example of one possible network configuration, the only inactive

affiliated communication group of the peer base station 2 134 is CGB.

[0056] Method 600 then proceeds to step 640, where the peer base station 2 134
determines which ones of its peer base stations are also affilated with the inactive
affiliated communication groups of peer base station 2 134. In other words, at
step 640, peer base station 2 134 determines which of its peer base stations has at
least one inactive affiliated communication group in common with peer base
station 2 134. If peer base station 2 134 determines that none of its peer base
stations have an inactive affiliated communication group in common at step 640,
then the method 600 proceeds to step 642, where method 600 ends. In this
particular example of one possible network configuration, peer base station 2 134
determines that communication group B (CGB) is its only inactive affiliated
communication group, and further determines that peer base station 3 136 is also

affiliated with CGB (i.e., has CGB in common with peer base station 2 134).

[0057] If peer base station 2 134 determines that one or more of its peer base
stations have an inactive affiliated communication group in common at step 640,

then the method 600 proceeds to step 650, where the peer base station 2 134 sends
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a PBI (peer BS 2 busy indicator: CGA and CGX) to peer base stations having an
inactive affiliated communication group in common with peer base station 2 134.
The PBI (peer BS 2 busy indicator: CGA and CGX) indicates that peer base
station 2 134 does not have ORFRs available for use by other new communication
groups (CGs) not already communicating via those IRFRs. This is illustrated in
FIG. 5 by communication 550, where peer base station 2 134 sends a PBI (peer
BS 2 busy indicator: CGA and CGX) to peer base station 3 136. The PBI (peer
BS 2 busy indicator: CGA and CGX) indicates that peer base station 2 134 is
currently unable to support communications associated with any other group. The
recipient peer base station 3 136 interprets the PBI (peer BS 2 busy indicator:
CGA and CGX) as will now be described below.

[0058] Although not illustrated in FIG. 5, upon receiving the PBI (peer BS 2 busy
indicator: CGA and CGX) from peer base station 2 134, peer base station 3 136
determines which communication groups are affiliated with peer base station 2
134, and of those which ones of those communication groups are “active,” and
which ones (if any) are “inactive.” In this particular example, peer base station 3
136 determines that communication groups CGA, CGB, CGX are affiliated with
peer base station 2 134, and that of those, CGA and CGX are active and that CGB
is inactive. In this particular example, CGB is the only inactive communication
group affiliated with peer base station 2 134, and therefore communications

involving CGB can not be supported by peer base station 2 134,

[0059] Peer basc station 3 136 then determines which inactive communication
groups affiliated with peer base station 2 134 are also affiliated with peer base
station 3 136. In other words, peer base station 3 136 then determines whether it
is affiliated with (or shares common affiliations with) any of the inactive
communication groups supported by peer base station 2 134. In this example,
peer base station 3 136 determines that it is also affiliated with CGB, which

happens to be the only inactive communication group affiliated with peer base
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station 2 134, and generates an ICBI (inbound channel busy indicator: CGB).
This ICBI (inbound channel busy indicator: CGB) include a list of one or more
communication groups (i.e., CGB in this example) that are prohibited from

sending inbound group communications to the peer base station 3 136.

[0060] As illustrated by communication 560 of FIG. 5, peer base station 3 136
sends an ICBI (inbound channel busy indicator: CGB) to all registered WCDs
within communication range of peer base station 3 136. Although not illustrated,
in this example, this includes at least WCDs 108, 110, 112, respectively, even
though WCD 110, 112 are not illustrated in FIG. 5 for purposes of clarity. This
ICBI (inbound channel busy indicator: CGB) indicates to the recipient WCDs
108, 110, 112 a list of one or more communication groups that are prohibited from
sending inbound group communications to the peer base station 3 136. In other
words, the recipient WCDs 108, 110 and 112 interpret the inbound channel busy
indictor (ICBI) to mean that no inbound communications are permitted from
WCDs affiliated with the communication groups that are listed since IRFRs of the
peer base station 3 136 are currently in use. In this embodiment, only those
WCDs affiliated with one of these inactive communication groups are prohibited
from sending inbound group communications to the peer base station 3 136. In
one implementation, the ICBI (inbound channel busy indicator: CGB) transmitted
by peer base station 3 136 stops recipient WCD 4 108 from transmitting inbound
communications to peer base station 3 136 since WCD 4 108 belongs to inactive
communication group CGB. As will be explained in greater detail below, WCDs
that are affiliated with any CG not specified in the list of inactive communication
groups (i.e., CGB) are allowed to send inbound group communications to the peer
base station 3 136. To explain further, in this embodiment, the ICBI (inbound
channel busy indicator: CGB) prevents or disallows inbound communications
from only those WCDs affiliated to CGB, and in this particular example stops

inbound communications from registered WCD 108 to peer base station 3 136.
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Thus, in contrast to the embodiments illustrated in FIGS. 3 and 4, the ICBI
(inbound channel busy indicator: CGB) prevents or prohibits selected groups of
WCDs (i.e., WCD 108 of group CGB) from communicating inbound. In the
example network of FIG. 1, the WCD 108 at peer base station 3 136 uses the list
of inactive communication communication group identifiers (i.e., CGB) listed in
the outbound ICBI to determine whether it belongs to one of an inactive
communication group, and if so, then WCD 108 will not be allowed to transmit to
that inactive communication group. Therefore, in this particular example, WCD
108 can not transmit inbound CGB packets. Inbound communications from
WCD 108 will be disallowed until outbound RF resources are available at peer
base station 2 134. This way all WCDs affiliated with CGB throughout the
system 100 will have the same opportunity to receive any CGB packet(s).

[0061] In the embodiments illustrated in FIGS. 3 and 4, the ICBI sent by peer
base stations in outbound signaling is general and applies to all inbound
communications from all communication groups affiliated to the transmitting peer
base station. By contrast, in the embodiments illustrated in FIGS. 5 and 6, the
ICBI sent by peer base stations differs in that the ICBI is specific and applies only
to inbound communications from a specific/particular communication group (or
groups) affiliated to the transmitting peer base station. As such, the other WCDs
110, 112 are still permitted to communicate inbound CGC packets and CGD
packets to peer base station 3 136. For instance, WCDs 110, 112 are still allowed
to transmit packets inbound to peer base station 3 136. Inbound packets would be
routed from peer base station 3 136 to peer base station 4 138 only so that peer
base station 4 138 may transmit those packets to WCDs 114,116 respectively. In
addition, WCDs 114, 116 may still transmit packets inbound to peer base station 4
138 so that peer base station 4 138 may route to peer base station 3 136 so that
peer base station 3 136 may transmit those packets to WCDs 110, 112

respectively. Moreover, according to this embodiment, if it is assumed that there
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is another WCD (not illustrated) at peer base station 3 136 that is affiliated with
communication group Y (CGY), this WCD would be permitted to communicate
inbound CGY packet(s) since ICBI (inbound channel busy indicator: CGB)
disallows only those WCDs affiliated to CGB.

[0062] As in the other embodiment, when WCD 102 stops communicating CGA
packets to peer base station 1 132, peer base station 1 132 no longer routes CGA
packets to peer base station 2 134. Because an ORFR will become available at
peer base station 1 132, peer base station 1 132 stops transmitting its ICBI (at step
515) to its registered WCDs and also stops sending the PBI (peer BS 2 busy
indicator: CGA and CGX) to peer base station 2 134 (at step 525). Likewise,
because an RF resource will become available at peer base station 2 134, peer
base station 2 134 stops sending the PBI (peer BS 2 busy indicator: CGA and
CGX) to peer base station 3 136, which is affiliated with CGB. In response, peer
base station 3 136 stops transmitting its ICBI (at step 560).

[0063] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications
and changes can be made without departing from the scope of the invention as set
forth in the claims below. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of present teachings.
The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are
not to be construed as a critical, required, or essential features or elements of any
or all the claims. The invention is defined solely by the appended claims
including any amendments made during the pendency of this application and all

equivalents of those claims as issued.

[0064] Moreover in this document, relational terms such as first and second, top

and bottom, and the like may be used solely to distinguish one entity or action
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from another entity or action without necessarily requiring or implying any actual

such relationship or order between such entities or actions. The terms

n"nn 929 4ex 99 6y

comprising," “has,” “having,” “includes,” “including,

29 Cc

"comprises, contains,”
“containing” or any other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that comprises, has,
includes, contains a list of elements does not include only those elements but may
include other elements not expressly listed or inherent to such process, method,

2

article, or apparatus. An element proceeded by “comprises ...a,” “has ...a,
“includes ...a,” “contains ...a” does not, without more constraints, preclude the
existence of additional identical eclements in the process, method, article, or
apparatus that comprises, has, includes, contains the element. The terms “a” and
“an” are defined as one or more unless explicitly stated otherwise herein. The
terms “substantially”, “essentially”, “approximately”, “about” or any other
version thereof, are defined as being close to as understood by one of ordinary
skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, in another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.5%. The term “coupled” as used herein is
defined as connected, although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is

configured in at least that way, but may also be configured in ways that are not

listed.

[0065] Tt will be appreciated that some embodiments may be comprised of one or
more generic or specialized processors (or “processing devices”) such as
microprocessors, digital signal processors, customized processors and field
programmable gate arrays (FPGAs) and unique stored program instructions
(including both software and firmware) that control the one or more processors to
implement, in conjunction with certain non-processor circuits, some, most, or all

of the functions of the method and/or apparatus described herein. Alternatively,
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some or all functions could be implemented by a state machine that has no stored
program instructions, or in one or more application specific integrated circuits
(ASICs), in which each function or some combinations of certain of the functions
are implemented as custom logic. Of course, a combination of the two

approaches could be used.

[0066] Moreover, an embodiment can be implemented as a computer-readable
storage medium having computer readable code stored thereon for programming a
computer (e.g., comprising a processor) to perform a method as described and
claimed herein. Examples of such computer-readable storage mediums include,
but are not limited to, a hard disk, a CD-ROM, an optical storage device, a
magnetic storage device, a ROM (Read Only Memory), a PROM (Programmable
Read Only Memory), an EPROM (Erasable Programmable Read Only Memory),
an EEPROM (Electrically Erasable Programmable Read Only Memory) and a
Flash memory. Further, it is expected that one of ordinary skill, notwithstanding
possibly significant effort and many design choices motivated by, for example,
available time, current technology, and economic considerations, when guided by
the concepts and principles disclosed herein will be readily capable of generating

such software instructions and programs and ICs with minimal experimentation.

[0067] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning of
the claims. In addition, in the foregoing Detailed Description, it can be seen that
various features are grouped together in various embodiments for the purpose of
streamlining the disclosure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments require more features than
are expressly recited in cach claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed

embodiment. Thus the following claims are hereby incorporated into the Detailed
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Description, with each claim standing on its own as a separately claimed subject

matter.
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CLAIMS

We claim:

L. A method for indicating availability of outbound RF resources
(ORFRs) of peer base stations in a communication system comprising a plurality
of peer base stations including a first peer base station at a first site and a plurality
of first wireless communication devices (WCDs) registered with the first peer
base station including a first wireless communication device (WCD) affiliated
with a first communication group having a first communication group identifier,

the method comprising;

receiving, at the first peer base station from the first WCD, a first group
packet destined for WCDs belonging to the first communication group and
allocating a last remaining ORFR for communications of the first communication

group;

transmitting, from the first peer base station, a first peer busy indicator
(PBI) to each of the other peer base stations that have at least one affiliated
communication group in common with the first peer base station, wherein the first

PBI indicates all ORFRs of the first peer base station are currently in use; and

transmitting, from each of the other peer base stations that receive the first
PBI, an inbound channel busy indictor (ICBI) that prevents the registered WCDs
from transmitting inbound communications unless the registered WCDs belong to
a communication group that has been allocated an inbound RF resource (IRFR)

and ORFR for communication with the first peer base station.
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2. A method according to claim 1, wherein the first peer base station
has (1) a first inbound radio frequency (RF) resource (IRFR) and (2) a second
IRFR allocated for communications of a second communicaton group having a
second communication group identifier, wherein the step of receiving, at the first
peer base station from the first WCD, a first group packet destined for WCDs
belonging to the first communication group and allocating a last remaining IRFR

for communications of the first communication group, comprises:

receiving, at the first peer base station from the first WCD, a first group

packet destined for WCDs belonging to the first communication group; and

allocating the first IRFR of the first peer base station for communications

of the first communication group;

determining, at the first peer base station, whether the first peer base
station has additional ORFRs available for allocation to another communication

group; and

determining, at the first peer base station when the first peer base station
has no additional ORFRs available, which of the other peer base stations have at
least one affiliated communication group in common with the first peer base

station.
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3. A method according to claim 2, wherein the communication
system further comprises: a second peer base station at a second site, the second
peer base station being coupled to the first peer base station over an IP network
and being designed to communicate with the first peer base station without
communicating through a centralized controller, and a plurality of second WCDs
registered with the second peer base station including a second wireless
communication device (WCD) that belongs to the first communication group and
a third WCD that belongs to the second communication group, the method further

comprising:

regularly exchanging communication group affiliation information
between the first peer base station and the second peer base station, wherein the
communication group affiliation information comprises communication group
identifiers for each of the respective communication groups that the first peer base

station and the second peer base station are affiliated with; and

determining, at the first peer base station, which affiliated communication
groups are shared in common between the first peer base station and the second
peer base station, wherein the first peer base station determines that the second
peer base station has at least one affiliated communication group in common with
the first peer base station, wherein the at least one affiliated communication group

comprises the first communication group.
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4. A method according to claim 2, wherein the first PBI further

comprises:
a first identifier that identifies the first peer base station;

the first communication group identifier for the first communication group

that is using a first ORFR of the first peer base station; and

the second communication group identifier for the second communication
group that is using a second ORFR of the first peer base station, wherein the first
PBI indicates that the first peer base station is busy receiving a first inbound
communication associated with the first communication group and a second
inbound communication associated with the second communication group and
that the first peer base station currently has no ORFRs available to support group

communications associated with other communication groups.

5. A method according to claim 1, further comprising:

transmitting, from the first peer base station to first WCDs at the first site,
a first inbound channel busy indicator (ICBI) that prevents the first WCDs from
transmitting inbound communications to the first peer base station unless the first
WCDs belong to a communication group that has been allocated an IRFR of the

first peer base station.

6. A method according to claim 5, further comprising:

receiving the first ICBI over-the-air (OTA) at the first WCDs at the first

site; and

determining at the first WCDs based on the first ICBI that no inbound

communications are to be transmitted to the first peer base station.
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7. A method according to claim 3, wherein a first ORFR of the
second peer base station is allocated to the first communication group and a
second ORFR of the second peer base station is allocated to the second
communicaton group, and wherein the first WCD and the second WCD of the first
communication group each have a first communication group identifier which
indicates that the first WCD and the second WCD are associated with the first

communication group, and further comprising:

receiving, at the second peer base station, the first PBI that indicates that
the first peer base station has no additional ORFRs available for use by other

communication groups;

determining, at the second peer base station, whether any ORFRs of the

second peer base station are currently available;

determining, at the second peer base station when no additional ORFRs of
the second peer base station are currently available, which of the other peer base
stations have at least one affiliated communication group in common with the

second peer base station; and

transmitting, from the second peer base station to the other peer base
stations that have at least one affiliated communication group in common with the
second peer base station, a second PBI that indicates that the second peer base
station is busy supporting inbound communications of first communication group
and the second communication group, and that the second peer base station has no

additional ORFRs available for use by other communication groups.
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8. A method according to claim 7, wherein the second PBI further

comprises:
a second identifier that identifies the second peer base station,

the first communication group identifier for the first communication

group that is using the first ORFR of the first peer base station, and

the second communication group identifier for the second communicaton

group that is using the second ORFR of the first peer base station.

9. A method according to claim 7, wherein the step of transmitting,
from each of the other peer base stations that receive the first PBI, an inbound
channel busy indictor (ICBI) that prevents the registered WCDs from transmitting
inbound communications to respective ones of the other peer base stations unless
the registered WCDs belong to a communication group that has been allocated an
inbound RF resource (IRFR) and ORFR for communication with the first peer

base station, comprises:

transmitting, from the second peer base station to the second WCDs at the
second site, a second ICBI that prevents the second WCDs from transmitting
inbound communications to the second peer base station unless the second WCDs
belong to a communication group that has been allocated IRFR and ORFR for

communications with the second peer base station.
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10. A method according to claim 7, wherein the two-way peer-to-peer
communication system further comprises a third peer base station at a third site,
and a plurality of wireless communication devices (WCDs) registered with the
third peer base station including a fourth wireless communication device (WCD)
registered with the third peer base station and affiliated with a third

communication group, the method further comprising:

receiving, at the first peer base station and the third peer base station, the
second PBI that indicates that all ORFRs of the first peer base station are currently

in use; and

transmitting over-the-air (OTA), from the third peer base station to each of
the WCDs registered with the third peer base station including the fourth WCD, a
third ICBI that prevents the registered WCDs of the third peer base station from
transmitting inbound communications to the third peer base station unless the
registered WCDs belong to a communication group that has been allocated an

IRFR and ORFR for communication with the third peer base station

11. A method according to claim 3, wherein the first peer base station

is designed to:

communicate over a particular frequency band comprising: an outbound
sub-channel for transmitting information to WCDs and an inbound sub-channel
for receiving information from WCDs, wherein the inbound sub-channel
comprises the first IRFR and the second IRFR and wherein the outbound sub-

channel comprises a first ORFR and a second ORFR .
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12. A method according to claim 11, wherein the first IRFR is a first
portion of the inbound sub-channel and the second IRFR is a second portion of the
inbound sub-channel, and wherein the first ORFR is a first portion of the
outbound sub-channel and the second ORFR is a second portion of the outbound

sub-channel.

13. A method according to claim 12, wherein the particular frequency
band has a 25 kiloHertz bandwidth, wherein the inbound sub-channel has a 12.5
kiloHertz bandwidth, wherein the first portion of the inbound sub-channel has a
6.25 kiloHertz bandwidth, wherein the second portion of the inbound sub-channel
has a 6.25 kiloHertz bandwidth, wherein the outbound sub-channel has a 12.5
kiloHertz bandwidth, wherein the first portion of the outbound sub-channel has a
6.25 kiloHertz bandwidth, and wherein the second portion of the outbound sub-
channel has a 6.25 kiloHertz bandwidth.

14. A method according to claim 11, wherein the first IRFR is a first
inbound time-slot defined within the inbound sub-channel, wherein the second
IRFR is a second inbound time-slot defined within the inbound sub-channel,
wherein the first ORFR is a first outbound time-slot defined within the outbound
sub-channel, and wherein the second ORFR is a second outbound time-slot

defined within the outbound sub-channel.

15. A method according to claim 14, wherein the particular frequency
band has a 25 kiloHertz bandwidth, wherein the inbound sub-channel has a 12.5
kiloHertz bandwidth and wherein the outbound sub-channel has a 12.5 kiloHertz
bandwidth.
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16. A method according to claim 3, further comprising:

receiving, at the second peer base station, the first PBI;

determining, at the second peer base station, whether any ORFRs of the

second peer base station are currently available;

determining, at the second peer base station when no additional ORFRs of
the second peer base station are currently available, which affiliated
communication groups of the second peer base station are inactive, wherein
affiliated communication groups of the second peer base station that are inactive
are those with which the second peer base station is affiliated and are not currently

using any ORFRs of the second peer base station;

determining, at the second peer base station, which of the other peer base
stations are commonly affiliated with the at least one of the inactive affiliated

communication group of the second peer base station; and

transmitting, from the second peer base station to the other peer base
stations that have at least one affiliated communication group that corresponds to
at least one of the inactive affiliated communication groups of the second peer
base station, a second PBI that indicates that the second peer base station has no
additional ORFRs for supporting communications of the at least one inactive

affiliated communication group of the second peer base station.
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17. A method according to claim 16, wherein the second PBI further

comprises:

a second identifier that identifies the second peer base station, the first
communication group identifier for the first communication group that is using
the first ORFR of the first peer base station and the second communication group
identifier for the second communication group that is using the second ORFR of

the first peer base station.

18. A method according to claim 16, further comprising;

transmitting over-the-air (OTA), from the second peer base station to

second WCDs at the second site, a second ICBI comprising:

the first communication group identifier for the first communication group

that is using the first ORFR of the first peer base station; and

the second communication group identifier for the second communication

group that is using the second ORFR of the first peer base station,

wherein the second ICBI prevents the second WCDs from transmitting
inbound communications to the second peer base stations unless the second
WCDs belong to a communication group that has been allocated an IRFR and

ORFR for communication with the second peer base station
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19. A method according to claim 17, wherein the two-way peer-to-peer
communication system further comprises a third peer base station at a third site,
and a fourth wireless communication device (WCD) registered with the third peer
base station and affiliated with the second communication group, the method

further comprising:
receiving, at the third peer base station, the second PBI;

determining, at the third peer base station based on the second PBI, which

communication groups are affiliated with second peer base station are inactive;

determining, at the third peer base station, which communication groups
affiliated with the third peer base station are shared in common with the inactive

communication groups affiliated with second peer base station;

generating, at the third peer base station, a third ICBI that includes one or
more communication group identifiers associated with communication groups
affiliated with the third peer base station that are shared in common with the
inactive communication groups affiliated with second peer base station, wherein
the communication groups affiliated with the third peer base station that are
shared in common with the inactive communication groups affiliated with second
peer base station are prohibited from sending inbound group communications to

the third peer base station; and

transmitting over-the-air (OTA), from the third peer base station to WCDs
at the third site including the fourth WCD, the fourth ICBI comprising the
communication group identifiers of the inactive affiliated communication groups,
wherein the fourth ICBI indicates which affiliated WCDs of the third peer base
station are not to transmit inbound communications to the third peer base station
unless the registered WCDs belong to a communication group that has been
allocated an IRFR and an ORFR for communication with the third peer base

station.
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20. A method according to claim 19, wherein the recipient WCDs
registered with the third peer base sation which are not affiliated with the inactive
communication group are permitted to send inbound communications to the third

peer base station.
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405

~410

RECEIVE GROUP MESSAGE PACKET INTENDED
FOR WCDS THAT BELONG TO COMMUNICATION
GROUP A (CGA) AND PEER BS 1 BUSY INDICATOR

l 430

TRANSMIT GROUP MESSAGE PACKET AND A
INBOUND CHANNEL BUSY INDICATOR TO INDICATE
THAT ADDITIONAL INBOUND RF RESOURCES AT
PEER BS 2 ARE CURRENTLY UNAVAILABLE

440

WHICH PEER BASE STATIONS
HAVE AFFILIATED COMMUNICATION
GROUP(S) IN COMMON?

450

SEND PEER BS 2 BUSY INDICATOR TO PEER BASE
STATIONS HAVING AT LEAST ONE AFFILIATED
COMMUNICATION GROUP IN COMMON TO INDICATE
THAT THIS PEER BS 2 IS BUSY SUPPORTING CGA
AND CGX AND DOES NOT HAVE OUTBOUND RF
RESOURCES AVAILABLE FOR USE BY OTHER
COMMUNICATION GROUPS

FiIG. 4
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610

RECEIVE GROUP MESSAGE PACKET
INTENDED FOR WCDS THAT BELONG TO
COMMUNICATION GROUP A (CGA) AND PEER
BS 1 BUSY INDICATOR: CGA AND CGX

L 630

TRANSMIT GROUP MESSAGE PACKET AND AN
INBOUND CHANNEL BUSY INDICATOR: CGA
AND CGX TO INDICATE THAT ADDITIONAL
INBOUND RF RESOURCES ARE CURRENTLY
UNAVAILABLE AT PEER BS 2

l 635

DETERMINE WHICH AFFILIATED
COMMUNICATION GROUPS OF PEER
BS 2 ARE INACTIVE

640
WHICH
PEER BASE STATIONS ARE ALSO
AFFILIATED WITH THE INACTIVE AFFILIATED
COMMUNICATION GROUP(S)
OF PEER BS 2?

650

SEND PEER BS 2 BUSY INDICATOR(S): CGB TO
PEER BASE STATIONS HAVING AN INACTIVE
AFFILIATED COMMUNICATION GROUP(S) IN

COMMON TO INDICATE THAT PEERBS 2 IS
BUSY AND DOES NOT HAVE OUTBOUND RF
RESOUCES AVAILABLE FOR USE BY
COMMUNICATION GROUP B

FIG. 6
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