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NETWORK DELAY SHAPING SYSTEM AND METHOD FOR
BACKHAUL OF WIRELESS NETWORKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to Provisional U.S. Patent Application No.
60/866,961, filed on November 22, 2006, the contents of which are incorporated herein 1n

their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to network management. More particularly, the
present invention relates to a network delay shaping system and method for backhaul of

wireless networks.

Background Information

[0003] Wireless mesh backhaul, particularly those using frame-based protocols such as
LLE.E.E. 802.16, WiMAX, or the like, are starting to be employed to wirelessly transport
data from multiple cellular radio sites, or base transceiver stations (BTS), to a single or
multiplicity of redundant network access or egress points. The data from these multiple
BTS sites 1s then aggregated for wire-line transport to one or more centralized offices
(CO) to be processed and switched into the larger regional and national networks.
Aggregation enables economies of scale, because the price per wire-line transported bit is

reduced as more bits are leased. For example, in conventional networks, most cell BTS
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sites are maintained using one to three digital signal 1 (DS1, e.g., T1 or E1) circuits.
With aggregation, DS3 circuits capable of carrying 28 DS1 circuits can be leased at a rate
equivalent to eight DS1s. Wireless backhaul solutions therefore become cost effective
when just a few BTS cell sites carrying eight or more DS1 circuits are aggregated. The
same economies of scale are true for packet based networks, where a single 100 Mbps

data pipe can be leased for the equivalent of four 10 Mbps data pipes.

[0004] Wireless transport, especially frame based wireless protocols such as WiMAX
and the like, have significantly more delay that wired networks. WiMAX networks, with
frame sizes of 2.5 ms, 4 ms, 5 ms, 7.5 ms, 10 ms, and 20 ms, usually add delays that are
on the order of 1.25 to 1.75 frames for a single wireless hop, in addition to the “speed of
light” delays proportional to distance from the BTS to the CO site. Wired transport
backhaul networks delays are driven mostly by “speed of light” (or equivalent speed of
electrical propagation in wire) delays. Both wired and wireless networks add lesser
delays for “line rate” switching of the packets or circuits. These delays are typically of
the order of tens to hundreds of microseconds and have a minimal effect on the overall

network delay.

[0005] The code division multiple access (CDMA) network protocol requires strict
relative delays between BTS sites to enable seamless or “soft” handoff of active calls.
Soft handoftf i1s characterized by commencing communications with a new BTS site on
the same CDMA frequency assignment before terminating communications with an old

BTS site. Soft handoffs can be simplified as a “make before break” handoff, where there
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1s no interruption in communications. If soft handoff cannot be achieved, then the result
1s a “‘hard” handoff, characterized by a temporary disconnection of the traffic channel.
Hard handoffs can be simplified as a “break before make” handoff, where there is a
temporary break in communications. Hard handoffs occur when the mobile station is
transferred between disjoint active sets, when the CDMA frequency assignment changes,
when the frame offset changes, or, less commonly, when the mobile 1s directed to an

analogue voice channel, all of which are less preferred than soft handotfs.

SUMMARY OF THE INVENTION
[0006] A network delay shaping system and method for backhaul of wireless networks
are disclosed. More particularly, exemplary embodiments of the present invention are
directed to a distributed network backhaul delay architecture. Such an architecture
includes a plurality of network delay elements that are incorporated both in wired and
wirelessly connected cellular base transceiver “cell sites™ to allow the network delay to
be adjusted and shaped so as to mimimize overall and differential network delays between
cell sites to enable soft handoff to be performed. A large number of network delay
elements and pseudowire controllers that have been added as network elements in the
present architecture are simultaneously accessible to a network management system. The
network management system can manage the network delays directly, such as through a
direct connection, or indirectly, such as through an indirect connection. Delay
information is calculated by the network delay elements, both statically during network

setup, and dynamically during network operation, enabling changes in network topology
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resulting from mesh network reconfigurations to be monitored and measured and then

used by the network management system to compensate for the new network delays.

[0007] Accordingly, in one aspect, the present invention provides a distributed network
backhaul delay system. The system comprises a plurality of cellular base transceiver
stations, wherein each cellular base transceiver station includes a network backhaul delay
element. The network backhaul delay element 1s configured to adjust and shape relative
network delays to minimize network delays between cell sites to enable soft handoff to be
performed. The network backhaul delay element may be configured to calculate delay

information associated with network delays between cell sites.

[0008] Each cellular base transceiver station may be associated with a pseudowire
controller. The pseudowire controller may be configured to perform pseudowire
conversions, and/or to modify a pseudowire jitter buffer size to alter the network delays

between the cell sites. Each cellular base transceiver station may include a pseudowire

controller.

[0009] The system may further include a network management device configured to
manage the network delays. The network management device may be further configured
to adjust and shape the network delays to minimize overall and differential network
delays between cell sites. The network management device may be further configured to

use the delay information to monitor and measure changes in network topology resulting



CA 02665801 2009-04-07
WO 2008/061338 PCT/CA2007/002025

from network reconfigurations. The network management device may be further

configured to use the delay information to compensate for the network delays.

[0010] The network backhaul delay element may be further configured to modify packet
sizes of packets communicated within the network to alter the network delays between
the cell sites. Substantially all packets in a data stream may be delayed by a
predetermined duration. The network delays may be shaped such that the largest delays
correspond to the most interior areas of cellular coverage. The network may include

wireless mesh backhaul links.

[0011] In another aspect, the invention provides a distributed network backhaul delay
system. The system comprises a plurality of cellular base transceiver stations and a
plurality of network backhaul delay elements. Each of the plurality of network backhaul
delay elements is located at a central office, and each of the plurality of network backhaul
delay elements 1s associated with a different one of the plurality of cellular base
transceiver stations. Each network backhaul delay element is configured to adjust and
shape relative network delays to minimize network delays between cell sites to enable
soft handoff to be performed. Each network backhaul delay element may be further
configured to calculate delay information associated with network delays between cell
sites. Each network backhaul delay element may be associated with a pseudowire
controller. Each pseudowire controller may be configured to perform pseudowire

conversions. Each pseudowire controller may be further configured to modify a
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pseudowire jitter buffer size to alter the network delays between the cell sites. Each

network backhaul delay element may further include a pseudowire controller.

[0012] In yet another aspect, the invention provides a method of managing backhaul
delay 1n a wireless network. The method comprises the steps of: (a) calculating delay
information associated with network delays between cell sites; and (b) adjusting and
shaping relative network delays to minimize network delays between cell sites to enable
soft handotf to be performed. The method may further include the step of (¢) modifying
a pseudowire jitter buffer size to alter the network delays between the cell sites.
Alternatively, the method may further include the step of (¢) managing the network
delays. Step (c¢) may further include the step of (c1) adjusting and shaping the network
delays to minimize overall and differential network delays between cell sites. Step (¢)
may further include the step of (¢1) utilizing the delay information to monitor and
measure changes in network topology resulting from network reconfigurations. Step (c)
may further include the step of (c1) utilizing the delay information to compensate for the
network delays. The method may further include the step of (¢) modifying packet sizes

of packets communicated within the network to alter the network delays between the cell

sites.

[0013] Substantially all packets in a data stream may be delayed by a predetermined
duration. The network delays may be shaped such that the largest delays correspond to

the most interor areas of cellular coverage. The wireless network may include wireless

mesh backhaul links.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Other objects and advantages of the present invention will become apparent to
those skilled in the art upon reading the following detailed description of pretferred
embodiments, in conjunction with the accompanying drawings, wherein like reference

numerals have been used to designate like elements, and wherein:

[0015] FIG. 1 illustrates a major city, with dots representing cellular towers, 1n

accordance with an exemplary embodiment of the present invention.

[0016] FIG. 2 illustrates a subsection of the major city illustrated in FIG. 1, with the
Egress and Cellular BTS sites represented as squares and circles, respectively, in

accordance with an exemplary embodiment of the present invention.

[0017] FIG. 3 1llustrates a conventional deployment that does not employ the present

invention.

[0018] FIG. 4 1s a diagram 1llustrating a configuration in which all cell sites, including
the Egress BTS, use DS1s derived via pseudowire conversions, in accordance with an

exemplary embodiment of the present invention.

[0019] FIG. 5 1s a diagram 1llustrating an “Alternate BTSx” that 1s not part of the mesh,

but has 1ts delay shaped to match the delay of the Egress BTS, and the Cellular BTS; and
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Cellular BTS,, in accordance with an alternative exemplary embodiment of the present

Invention.

[0020] FIG. 6 is a diagram illustrating that the delay can be shaped using “rings” or
around regions of wireless backhaul, in accordance with an exemplary embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(0021] Exemplary embodiments of the present invention are directed to a network delay
shaping system and method for backhaul of wireless networks, such as, for example,
wireless mesh networks and other like wireless networks. | The present invention
addresses network delay problems resulting from the introduction of wireless mesh
backhaul that is used to reduce operating costs. The present invention addresses network
delay by presenting a method and means to shape wireless and wired network delays to
enable soft handoff to be employed. Exemplary embodiments of the present invention
can program the pseudowire jitter buffer sizes and set the packet sizes as a means to
control the relative delays between wireless and wired BTS cell sites, although any
number of other means known to those of ordinary skill in the art can be employed. For
example, packet delays can be employed where all (or substantially all) of the packets in
a data stream are delayed by a fixed and programmable duration. Exemplary
embodiments can provide the method and means to add and manage delays to guarantee
the differential delay between cellular base transceiver stations, whether they be wired or

wireless, as well as the means to measure such a delay statically and dynamically using
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in-band (e.g., using DSO channels or fractions or concatenations there of), out-of-band
(e.g., using signaling bits which may not be part of the DSO stream), or relative or

absolute measurements, such as, for example, Real-time Transport Protocols (RTPs) to
determine packet arrival times, and then rely on either the mean delay or fastest packet

arrival (leading edge packets) to determine if delay has changed.

[0022] Exemplary embodiments of the present invention address not only single
wireless hop networks, but also networks with multiple wireless hops, allowing relative
delay to be managed when wireless transport means are used to carry data from a central
aggregation point, to one or more intermediate points, before reaching the final
destination BTS site. Such multiple hop networks further reduce operating costs by
increasing the potential number of BTS sites that can be aggregated into a single point.
For purposes of 1llustration and not limitation, 1f a single wireless hop enabled on average
3 BTS sites to be aggregated into a single location, two wireless hops can allow 9 BTS

sites to be aggregated into a single location for cost effective wire-line backhaul.

[0023] According to an addition exemplary embodiment, dynamic network
reconfigurations of wireless mesh backhaul links can be conducted, in which the overall
network delay can change as the transported traffic is rerouted away from failed links to
backup links during protection switches. Aggregation into a common egress node can

demand redundancy of those nodes to maintain an acceptable network mean time
between failure (MTBF) and mean time to repair (MTTR) levels. With such a

redundancy comes the requirement to manage the different network delays as the egress
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points (e.g., to guarantee maximum protection) that may be located in diverse premises

resulting in significantly different delays between cell sites.

[0024] Additionally, exemplary embodiments of the present invention can provide the
method and means by which delay 1s dynamically monitored, from which decisions can
be made to decide if the delay has changed significantly enough to warrant a

reprogramming of the elements of the network that control the relative delay offsets.

[0025] FIG. 1 1llustrates a major city, with dots representing cellular towers, in
accordance with an exemplary embodiment of the present invention. Such cities can
contain hundreds or even thousands of cell sites, each requiring wired DS1 (T1 or E1) or
other backhaul links. FIG. 2 1llustrates a subsection of the major city, with the Egress
and Cellular BTS sites represented as squares and circles, respectively, in accordance
with an exemplary embodiment of the present invention. The dashed lines represent
wireless mesh backhaul links. Many cell sites can be roof-based and can be line of sight
(LoS) from other nearby cellular base station sites, making radio backhaul design for
these cell sites relatively simple. Within a short period of time, the network can be
designed and planned to accommodate limitations, such as, for example, cell sites that are

non-LoS, distance limitations affecting cellular link budgets, and maximum allowed

number of radio hops that affect total delay.

10026] According to an exemplary embodiment of the present invention, the wired

egress points, shown as squares with circles in them in FIG. 2, are no more than two hops

-10-
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from any of the cell sites. FIG. 3 illustrates a conventional deployment that does not
employ the present invention. In FIG. 3, the Egress BTS 1s directly connected to the
DS1y, where as Cellular BTS; and Cellular BTS; are connected via the pseudowire box
that converts the DS1 time-division- multiplexed (TDM) signals into Ethernet packets.
Each BTS site, except the Egress BTS site, has a pseudowire box used to convert the
Ethernet packet streams back into DS1 signals, accounting for the absolute jitter. As a
result, the absolute delays between the various Cellular BTS sites including the Egress
BTS can vary by up to approximately 12 ms. As those of ordinary skill in the art will
recognize, absolute numbers for delay and jitter are used for clarity of understanding of

the present invention and not for purposes of limitation.

[0027] According to exemplary embodiments, all cell sites, including the Egress BTS,
use DS1s derived via pseudowire conversions, as illustrated in FIG. 4. The extra
pseudowire box at the Egress BTS site enables all BTS sites, including the Egress site, to
have their relative delays shaped to guarantee minimum relative delay between cell sites.
In such an embodiment, the Egress node jitter Buffer can be set to, for example, 12 ms

(even though there 1s no jitter at that site) to guarantee a delay of 12 ms for this BTS.

Cellular BTS; “sees™ a jitter J; of £1ms, but has the Jitter Buffer set to 8 (x4ms of jitter)

to create an absolute delay of 12 ms. Cellular BTS,, with a jitter buffer of 4 ms, “sees”

an absolute delay of 12 ms.

[0028] All cell sites can require DS1 circuits and can use pseudowire boxes to convert

the DS1 circuits into Ethernet data stream to be easily delivered over the wireless packet

_11-



CA 02665801 2009-04-07
WO 2008/061338 PCT/CA2007/002025

based networks and reconverted back again to DS1 circuits. Even the egress cell sites,
which would normally be directly wired to the DS3 or high rate circuits, can be
connected through the same pseudowire circuits. In a preferred embodiment, delay can
be added to the wired egress points using the pseudowire boxes to match a mean delay
comparable to the delay seen by the first and second hop wireless cellular base stations.
According to such an exemplary embodiment, all of the absolute delays can be
normalized to the maximum delay of the worse case hop, thereby eliminating delay
variations between cell sites that have resulted from the wireless mesh backhaul system

employed.

[0029]  According to an alternative exemplary embodiment of the present invention, the
absolute delay of nodes not included in the wireless mesh are modified. FIG. 5 is a
diagram 1llustrating an “Alternate BTSx” that is not part of the mesh, but has its delay

shaped to match the delay of the Egress BTS, and the Cellular BTS, and Cellular BTS,.

[0030] According to an additional exemplary embodiment, the delay shaping can be
designed in such a manner as to minimize the delay between the wired and wireless
Cellular BTS sites. For purposes of illustration and not limitation, if the relative delay of
“Alternate BTSx” were to be greater than the allowed maximum relative delay for soft
handover, then “Alternate BTSx” can be programmed to have a lesser delay, such as, for

example, 6 ms. Such a lesser delay can be determined to be small enough to allow soft

handoff to occur between the reset of the wired BTS sites and Alternate BT Sy, and, of

course, between Alternate BTSy and Egress BTS,, Cellular BTS,, and Cellular BTS,.

-12-



CA 02665801 2009-04-07
WO 2008/061338 PCT/CA2007/002025

[0031] FIG. 6 is a diagram illustrating that the delay can be shaped using “rings” or
around regions of the wireless backhaul, in accordance with an exemplary embodiment of

the present invention.

[0032] According to a further exemplary embodiment, methods of statically measuring
absolute delay can include, for example: 1) in-band (e.g., DSOs); 11) out-of-band (e.g.,
signaling bits); 1i1) packet arrival time stamps, where additional processing shows the
mean delay of the received signal, or the earliest packet arrival, or the latest packet
arrival, or filtered calculations based on any or any combination of these; 1v) network
time protocols; and/or v) any primary reference source stratum traceable timing reference
used to time stamp the arrival of the packets or the data/timing information contained
within them, including, but not limited to, Global Positioning System (GPS), Long Range
Navigation (LORAN), CDMA, Global System for Mobile communications (GSM)
systems, Galileo, Global Navigation Satellite System (GLONASS), wide area
augmentation system (WAAS), WWVB (i.e., a specialized radio station operated by the

National Institute of Standards and Technology), or the like.

[0033] According to another exemplary embodiment, methods of dynamically
measuring absolute delay can be used to determine if the mesh network has changed its
delay, including all of the aforementioned means. In such an exemplary embodiment, the

absolute delay changes due to a Rapid Spanning Tree Protocol (RSTP) switch or a 1+1

13-
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working/protection switch, where the delay between the working and protection paths are

not the same.

[0034] Additionally or alternatively, a method of statically determining the delay of all
allowed protection paths, including RSTP or Multiple Spanning Tree Protocol (MSTP) or
Spanning Tree Protocol (STP) path combinations or working/protection allowed
combinations, can be used, such that the delays are predetermined. The delays can be

estimated so that during a failure condition the correct delay offsets can be used in the

network.

[0035] According to an additional exemplary embodiment, a Network Management
System, or other similar system, can be used, where the delays to the various BTS

systems can be remotely managed.

[0036] Additionally or alternatively, any or all of the aforementioned techniques can be
applied to fill in coverage “holes” or zones, where the received signal strength is less than
a minimum acceptable threshold. In such cases, the wireless mesh is considered the only
viable solution. Furthermore, the absolute delay could be quite excessive due to the large

numbers of hops, so a preferred method according to exemplary embodiments is to shape

the delays so that the most interior areas of coverage have the largest delays.

[0037] Exemplary embodiments of the present invention can be implemented as a

computer program that can be embodied in any computer-readable medium for use by or

-14-
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in connection with an instruction execution system, apparatus, or device, such as a
computer-based system, processor-containing system, or other system that can fetch the
instructions from the instruction execution system, apparatus, or device and execute the
Instructions. As used herein, a “computer-readable medium™ can be any means that can
contain, store, communicate, propagate, or transport the program for use by or in
connection with the instruction execution system, apparatus, or device. The computer
readable medium can be, for example but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, device, or propagation
medium. More specific examples (a non-exhaustive list) of the computer-readable
medium can include the following: an electrical connection having one or more wires, a
portable computer diskette, a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory (EPROM or Flash memory), an

optical fiber, and a portable compact disc read-only memory (CDROM).

[0038] Exemplary embodiments of the present invention can be used in conjunction

with any device, system or process for managing a network, particularly those networks

that employ a wireless mesh backhaul.

10039] It will be appreciated by those of ordinary skill in the art that the present
invention can be embodied in various specific forms without departing from the spirit or
essential characteristics thereof. The presently disclosed embodiments are considered in

all respects to be illustrative and not restrictive. The scope of the invention is indicated
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by the appended claims, rather than the foregoing description, and all changes that come

within the meaning and range of equivalence thereof are intended to be embraced.
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WHAT IS CLAIMED IS:

1. A distributed network backhaul delay system, comprising:
a plurality of cellular base transceiver stations,
wherein each cellular base transceiver station comprises:
a network backhaul delay element,

wherein the network backhaul delay element is configured to adjust and shape

relative network delays to minimize network delays between cell sites to enable soft handoff to

be performed.

2. The system of claim 1, wherein the network backhaul delay element is configured to

calculate delay information associated with network delays between cell sites.

3. The system of claim 1, wherein each cellular base transceiver station is associated

with a pseudowire controller,

wherein the pseudowire controller is configured to perform pseudowire

conversions, and

wherein the pseudowire controller is configured to modify a pseudowire jitter

butfer size to alter the network delays between the cell sites.

4. The system of claim 3, wherein each cellular base transceiver station further

comprises a pseudowire controller.
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5. The system of claim 1, further comprising:

a network management device configured to manage the network delays.

6. The system of claim 5, wherein the network management device 1s further configured
to adjust and shape the network delays to minimize overall and differential network delays

between cell sites.

7. The system of claim 5, wherein the network management device 1s further configured
to use the delay information to monitor and measure changes in network topology resulting from

network reconfigurations.

8. The system of claim 5, wherein the network management device is further configured

to use the delay information to compensate for the network delays.

9. The system of claim 1, wherein the network backhaul delay element is further

configured to modify packet sizes of packets communicated within the network to alter the

network delays between the cell sites.

10. The system of claim 9, wherein substantially all packets in a data stream are delayed

by a predetermined duration.
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11. The system of claim 1, wherein the network delays are shaped such that the largest

delays correspond to the most interior areas of cellular coverage.

12. The system of claim 1, wherein the network comprises wireless mesh backhaul links.

13. A distributed network backhaul delay system, comprising:
a plurality of cellular base transceiver stations; and
a plurality of network backhaul delay elements, each of the plurality of network
backhaul delay elements being located at a central office, wherein each of the plurality of
network backhaul delay elements 1s associated with a different one of the plurality of cellular
base transceiver stations,
wherein each network backhaul delay element is configured to adjust and shape

relative network delays to minimize network delays between cell sites to enable soft handoff to

be performed.

14. The system of claim 13, wherein each network backhaul delay element is configured

to calculate delay information associated with network delays between cell sites.

15. The system of claim 13, wherein each network backhaul delay element is associated

with a pseudowire controller,

wherein each pseudowire controller is configured to perform pseudowire

conversions, and
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wherein each pseudowire controller i1s configured to modify a pseudowire jitter

buffer size to alter the network delays between the cell sites.

16. The system of claim 15, wherein each network backhaul delay element further

comprises a pseudowire controller.

17. A method of managing backhaul delay in a wireless network, comprising the steps

of:

(a) calculating delay information associated with network delays between cell

sites; and

(b) adjusting and shaping relative network delays to minimize network delays

between cell sites to enable soft handoff to be performed.

18. The method of claim 17, further comprising the step of:

(c) modifying a pseudowire jitter buffer size to alter the network delays between

the cell sites.

19. The method of claim 17, further comprising the step of:

(c) managing the network delays.

20. The method of claim 19, wherein step (c) further comprises the step of:
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(c1) adjusting and shaping the network delays to minimize overall and

differential network delays between cell sites.

21. The method of claim 19, wherein step (c¢) further comprises the step of:
(c1) utilizing the delay information to monitor and measure changes 1n network

topology resulting from network reconfigurations.

22. The method of claim 19, wherein step (c¢) further comprises the step of:

(c1) utilizing the delay information to compensate for the network delays.

23. The method of claim 17, further comprising the step of:
(c) modifying packet sizes of packets communicated within the network to alter

the network delays between the cell sites.

24. The method of claim 23, wherein substantially all packets in a data stream are

delayed by a predetermined duration.

25. The method of claim 17, wherein the network delays are shaped such that the largest

delays correspond to the most interior areas of cellular coverage.

26. The method of claim 17, wherein the wireless network comprises wireless mesh

backhaul links.
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