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MOBILE WIRELESS ROUTER

Field of the Invention

This invention relates in general to wireless communication systems, and more

specifically to a mobile wireless router.
Background of the Invention

Mobile stations (MSs), e.g., cellular handsets, recently have become able to obtain
wireless connections to packet data networks, such as the Internet. A terminal
equipment (TE) device, such as a printer, PDA, or notebook PC, can connect to an MS
(through, for example, a cable, Bluetooth, or other wireless internet protocol (IP)
technology such as IEEE 802.11x) and use the MS as a modem to connect to a wide-area
network or communication infrastructure. This way, a client TE device can make a
packet data connection through an MS to access a server on the Internet.

Several limitations are encountered when the MS is utilized in this manner. One
limitation is that it is difficult to connect more than one TE device at a time to the MS.
Another drawback is due to the fact that the connection through the MS is not
transparent, because the connection process depends on the protocols and methods used
by the mobile system. The MS will most likely also require non-IP protocols for
connecting the client TE device. In addition, redundancy is limited: when the link
between the MS and the mobile system infrastructure fails, non-standard methods must
be used to connect the TE device to the infrastructure via another MS. 1t is also difficult
to optimize the overall traffic flow. More than one MS may be able to provide Internet
connectivity to the TE device. Some of the MSs may experience reduced capacity, as
their cellular links will now not only carry the locally originated traffic (at the MS) but
also the traffic to and from the TEs.

Thus, what is needed is a way to optimize traffic flow on the wireless connectivity
between a TE device and a packet data network in a manner that is transparent, fully

standardized, and less dependent on the reliability of the involved cellular infrastructure.
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Brief Description of the Drawings

FIG. 1 is an electrical block diagram of an exemplary mobile wireless router in
accordance with the present invention.

FIG. 2 is an electrical block diagram of an exemplary first communication system
in accordance with the present invention.

FIG. 3 is an electrical block diagram of an exemplary second communication

system in accordance with the present invention.
Detailed Description of the Drawings

Referring to FIG.1, an electrical block diagram depicts an exemplary mobile
wireless router 100 in accordance with the present invention. The mobile wireless router
100 comprises a conventional first wireless transceiver 102 for accessing a wireless
packet data channel 206 (FIG. 2), preferably from a cellular telephone system having
packet data capability. The mobile wireless router 100 further comprises a conventional
network interface 106 for coupling to a first IP network 204 (FIG. 2). The network
interface 106 preferably includes a conventional short range wireless transceiver (not
shown), such as a Bluetooth transceiver, a Home RF transceiver, a wireless IP 801.11
transceiver, or and ETSI HyperLAN 2 transceiver for coupling to the first network 204,
e.g., a wireless local area network (WLAN), through well-known techniques. It will be
appreciated that, alternatively, the network interface 106 can include a wired transceiver,
such as a Fast Ethernet transceiver, or a modem, for interconnecting with a wired LAN.
The mobile wireless router 100 also preferably includes a second wireless transceiver
108 for connecting, via another wireless IP LAN 310, with a second mobile wireless
router 100’ (FIG. 3) similar to the mobile wireless router 100. The second wireless
transceiver 108 is also preferably a short range wireless transceiver, such as a Bluetooth
transceiver. It will be appreciated that, alternatively, the second wireless transceiver 108
can be another type of wireless transceiver that can communicate packet data, and can
have a correspondingly different transmission range.

The mobile wireless router 100 further comprises a conventional processor 104

coupled to the first and second wireless transceivers 102, 108 and further coupled to the
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3
network interface 106 for controlling and communicating with the first and second
wireless transceivers 102, 108 and the network interface 106. The mobile wireless router
100 also includes a conventional memory 110 coupled to the processor 104 which
contains software for programming the processor 104 and space for storing variables
used by the processor 104. The memory 110 comprises a communications program 112
for programming the processor 104 to cooperate with the first and second wireless
transceivers 102, 108 and with the network interface 106 to control communications
therewith in accordance with the present invention. The communications program 112
also preferably programs the processor 104 to activate a packet data protocol (PDP)
context using at least one access point identifier to connect with at least one
corresponding gateway 212 of a second network 220 (FIG. 2).

The obvious advantage of the mobile wireless router 100 is that it is mobile and
thus can provide routing services to other mobile devices. The associated cost is that the
mobile wireless router must cope with the changing conditions of the wireless
environment of the second network 220. In one example, the mobile wireless router 100
must be able to connect to the second network 220 when first powered up and must be
able to change networks while roaming. In another example the mobile wireless router
100 must be able to deal with the varying throughput on the wireless packet data channel
206.

When the mobile wireless router is powered up or roams into a new network, it
must (re) establish a connection that allows it to provide the desired router functions. It
must activate a packet data protocol (PDP) context to activate an IP address. This
preferably is done using prior-art procedures like GPRS PDP context activation or
CDMA 2000 PPP session establishment. It is important that the mobile wireless router
activate a PDP context that provides connectivity via an appropriate gateway 212 to the
desired network 216. (The desired network could be the Internet or a private network
that is not easily accessible via the Internet). For this purpose the memory 110 also
includes at least one access point identifier 120. The processor is programmed to use
this identifier during the PDP context activation procedure to connect to an appropriate
gateway.

The memory 110 also includes an internet protocol (IP) router program 114

comprising router algorithms for programming the processor 104 to provide an internet
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4
protocol (IP) router function to terminal equipment (TE) 202 (FIG. 2) coupled to the
mobile wireless router 100 through the first network 204, and further programming the
processor 104 to make the mobile wireless router 100 appear, to another device (e.g.,
edge router 214 (FIG. 2)) in the second network 220 coupled via the wireless packet data
channel 206, to be an ordinary router.

The router program 114 preferably also programs the processor 104 to control the
first wireless transceiver 102 to send a router-specific communication when the mobile
wireless router first accesses the wireless packet data channel 206. The router-specific
communication preferably is a Dynamic Host Configuration Protocol (DHCP)
communication used by the mobile wireless router 100 to discover at least one other
router 214 in the second network. The mobile wireless router 100 then informs the at
least one other router 214 about other networks connected to the mobile wireless router
100, preferably using the Open Shortest Path First (OSPF) protocol. In addition, the
router program 114 preferably programs the processor 104 to control the second wireless
transceiver 108 to couple wirelessly through well-known techniques via the LAN 310
(FIG. 3) to a second mobile wireless router 100° which is coupled to a third network 320
(FIG. 3). It will be appreciated that the second and third networks can be the same
network. The wireless LAN 310 between the first and second mobile wireless routers
100, 100’ is preferably a short range wireless LAN, such as a Bluetooth LAN. It will be
appreciated that, alternatively, other types of wireless LANs capable of packet data
transmission can be utilized as well.

In addition, the memory 110 includes a traffic monitoring program 116 to program
the processor 104 to route communication traffic of the TE 202 via the second mobile
wireless router 100’ to the third network 320 when the second network 220 is unable to
handle said communication traffic, due, for example, to an outage or an overload. The
traffic monitoring program 116 preferably also programs the processor 104 to route
communication traffic of the TE 202 via the second mobile wireless router 100’ to the
third network 320 when the mobile wireless router 100 is unable to handle said
communication traffic over the wireless packet data channel 206, for example, due to full
use of the channel by the mobile wireless router 100 to support its own or others’

ongoing communication needs, such as a multimedia call, or due to an outage.
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The memory 110 also includes a transmission quality program 118 for
programming the processor 104 to cooperate with the first wireless transceiver 102 to
measure a current transmission qﬁality of the wireless packet data channel 206, and to
determine and store a current link metric based on the current transmission quality. The
link metric can be, for example, a hop count metric used by a routing algorithm of the
Routing Information Protocol (RIP). When the transmission quality of the wireless
packet data channel 206 is poor, for example, the hop count associated with the
connection is increased, thereby causing the communication system routers to favor
another link instead of the wireless packet data channel 206. In addition, the
transmission quality program 118 programs the processor 104 to compare the current
link metric with an earlier stored link metric, and to advertise the current link metric to at
least one neighbor router, when the current link metric and the earlier stored link metric
differ by more than a predetermined amount. When the mobile wireless router 100
includes the second wireless transceiver 108, the transmission quality program 118 also
programs the processor 104 to cooperate with the first wireless transceiver 102 to
measure a current transmission quality of the wireless packet data channel 206, to
estimate a current maximum transmission speed through the wireless packet data channel
206, based upon the current transmission quality; and, when necessary, to decide to route
traffic through one of the wireless packet data channel 206 and the second mobile
wireless router 100°, based upon the current maximum transmission speed allowed. It
will be appreciated that, additionally, the transmission quality program 118 can be
arranged to measure the current transmission quality of the wireless coupling 310
between the first and second mobile wireless routers 100, 100’ for comparison with the
current transmission quality of the wireless packet data channel 206. The processor 104
can then select the better communication path to use, based on the measurements.

FIG. 2 is an electrical block diagram 200 of an exemplary first communication
system in accordance with the present invention. The diagram 200 comprises a client
terminal equipment (TE) 202, such as a desktop or laptop computer, coupled to a
conventional LAN (the first network 204), which can be wired or wireless, coupled to
the mobile wireless router 100 in accordance with the present invention. The mobile
wireless router 100 is coupled through a wireless packet data channel 206 to the second

network 220, comprising a conventional base station 208 coupled through a conventional
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cellular infrastructure 210 to a conventional gateway 212, and thence to a conventional
edge router 214. The second network 220 is coupled to a wide area network, such as the
Internet 216, for accessing an Internet server 218. An aspect of the present invention is
that the mobile wireless router 100 preferably is arranged and programmed to utilize
standard IP router algorithms, such that it appears and responds to the LAN 204 and to
the edge router 214 just like an ordinary, wired IP router. This advantageously allows
the TE 202 and the Internet server 218 to communicate transparently through standard IP
techniques with no special measures required because of the use of the wireless packet
data channel 206 for a portion of the connection. As disclosed in the Background of the
Invention, the prior art has not allowed standard IP techniques with no special measures
required for connecting a TE device wirelessly through a cellular telephone system to a
packet data network, such as the Internet.

FIG. 3 is an electrical block diagram 300 of an exemplary second communication
system in accordance with the present invention. The diagram 300 is similar to the
diagram 200, the essential difference being the addition of the third network 320
comprising a base station 302, a second cellular infrastructure 304, a gateway 306, and
an edge router 308 coupled to the Internet, and coupled to a second mobile wireless
router 100’. The second mobile wireless router 100’ is similar to the first mobile
wireless router 100, and is coupled to the first mobile wireless router 100 through the
wireless coupling 310. The arrangement depicted in the diagram 300 provides
redundancy in that, when the wireless packet data channel 206 is unable to carry the
instantaneous traffic load, some or all of the traffic can be diverted through the wireless
link 310, the second mobile wireless router 100°, and the third network 320. This
advantageously provides link reliability and allows overall traffic flow to be optimized.

It will be appreciated that the second network 220 and the third network 320 can be
operated by the same or different service providers, e.g., Sprint and S.W. Bell; and can
utilize the same or different communication technologies, e.g., CDMA and GSM. It will
be further appreciated that, while the exemplary second and third networks 220, 320
have depicted cellular infrastructures 210, 304, other types of communication system
alternatively can be utilized. For example, at least one of the second and third networks
220, 320 can comprise a plurality of Bluetooth Smart Network Access Points (SNAPs)

coupled to the Internet via a private infrastructure.
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It should be clear from the preceding disclosure that the present invention provides
an apparatus for optimizing traffic between a TE device and a wirelessly-connected
packet data network in a manner that is advantageously transparent, fully standardized,
and less dependent on the reliability of the cellular infrastructure.

Many modifications and variations of the present invention are possible in light of
the above teachings. For example, in one embodiment, the second wireless transceiver
108 can be omitted. While redundancy is lost in this embodiment, the operational
advantages of appearing and responding like an ordinary wiréd router can be retained.
Thus, it is to be understood that, within the scope of the appended claims, the invention

can be practiced other than as specifically described herein above.

What is claimed 1s:
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CLAIMS

1. A mobile wireless router, comprising:
a first wireless transceiver for accessing a wireless packet data channel,
5 a network interface for coupling to a first network; and

a processor coupled to the first wireless transceiver and coupled to the
network interface for controlling and communicating with the first wireless transceiver
and the network interface, the processor programmed to provide an internet protocol (IP)
router function to terminal equipment (TE) coupled to the mobile wireless router through

10 the first network, and further programmed to appear, to another device in a second

network coupled via the wireless packet data channel, to be an ordinary router.

2. The mobile wireless router of claim 1, wherein the first wireless transceiver
and the processor are arranged and programmed to cooperate to access the wireless

15  packet data channel of a cellular telephone system.

3. The mobile wireless router of claim 1, wherein, in response to accessing the
wireless packet data channel, the processor is further programmed to
activate a packet data protocol (PDP) context using at least one access
20 point identifier to connect with at least one corresponding gateway of the second

network.
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4. The mobile wireless router of claim 1, wherein the processor is further
programmed to:

cooperate with the first wireless transceiver to measure a current
transmission quality of the wireless packet data channel;

determine and store a current link metric based on the current
transmission quality;

compare the current link metric with a previously stored link metric; and

advertise the current link metric to at least one neighbor router, when the
current link metric and the previously stored link metric differ by more than a

predetermined amount.

5. The mobile wireless router of claim 1, wherein the processor is further
programmed to
control the first wireless transceiver to send a router-specific
communication when the mobile wireless router accesses the wireless packet data

channel.

6. The mobile wireless router of claim 1, further comprising
a second wireless transceiver coupled to the processor, wherein the
processor is further programmed to control the second wireless transceiver to couple to a

second mobile wireless router which is coupled to a third network.

7. The mobile wireless router of claim 6, wherein the processor is further

programmed to:

cooperate with the first wireless transceiver to measure a current
transmission quality of the wireless packet data channel;

estimate a current maximum transmission speed through the wireless
packet data channel, based upon the current transmission quality; and

decide to route a communication through one of the wireless packet data
channel and the second mobile wireless router, based upon the current maximum

transmission speed.
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‘8. The mobile wireless router of claim 6, wherein the processor is further
programmed to route communication traffic of the TE via the second mobile wireless
router to the third network, when the second network is unable to handle said

communication traffic.

9. The mobile wireless router of claim 6, wherein the processor is further
programmed to route communication traffic of the TE via the second mobile wireless
router to the third network, when the mobile wireless router is unable to handle said

communication traffic over the wireless packet data channel.

10. A mobile wireless router, comprising:

first wireless transceiver means for accessing a wireless packet data
channel;

network interface means for coupling to a first network; and

processor means coupled to the first wireless transceiver means and
coupled to the network interface means for controlling and communicating with the first
wireless transceiver means and the network interface means, the processor means
programmed to provide an internet protocol (IP) router function to terminal equipment
(TE) coupled to the mobile wireless router through the first network, and further
programmed to appear, to another device in a second network coupled via the wireless

packet data channel, to be an ordinary router.

11. The mobile wireless router of claim 10, wherein the first wireless transceiver
means and the processor means are arranged and programmed to cooperate to access the

wireless packet data channel of a cellular telephone system.

12. The mobile wireless router of claim 10, wherein, in response to accessing the
wireless packet data channel, the processor means is further programmed to
activate a packet data protocol (PDP) context using at least one access
point identifier to connect with at least one corresponding gateway of the second

network.
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13. The mobile wireless router of claim 10, wherein the processor means is further

programfned to:

cooperate with the first wireless transceiver means to measure a current
transmission quality of the wireless packet data channel;

determine and store a current link metric based on the current
transmission quality;

compare the current link metric with a previously stored link metric; and

advertise the current link metric to at least one neighbor router, when the
current link metric and the previously stored link metric differ by more than a

predetermined amount.

14. The mobile wireless router of claim 10, wherein the processor means is further
programmed to
control the first wireless transceiver means to send a router-specific
communication when the mobile wireless router accesses the wireless packet data

channel.

15. The mobile wireless router of claim 10, further comprising
a second wireless transceiver means coupled to the processor means,
wherein the processor means is further programmed to control the second wireless
transceiver means to couple to a second mobile wireless router which is coupled to a

third network.

16. The mobile wireless router of claim 15, wherein the processor means is further

programmed to:

cooperate with the first wireless transceiver means to measure a current
transmission quality of the wireless packet data channel;

estimate a current maximum transmission speed through the wireless
packet data channel, based upon the current transmission quality; and

decide to route a communication through one of the wireless packet data
channel and the second mobile wireless router, based upon the current maximum

transmission speed.
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17. The mobile wireless router of claim 15, wherein the processor means is further
programmed to route communication traffic of the TE via the second mobile wireless
router to the third network, when the second network is unable to handle said

5 communication traffic.

18. The mobile wireless router of claim 15, wherein the processor means is further
programmed to route communication traffic of the TE via the second mobile wireless
router to the third network, when the mobile wireless router is unable to handle said

10  communication traffic over the wireless packet data channel.
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