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WIRELESS SIGNAL DISTRIBUTION SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

5  [0001] The present invention relates to wireless communications
systems and methods and in particular to a signal distribution network for use in
these systems.

[0002] The basic structure of a conventional wireless network is
depicted in FIG. 1. By way of example, the names given to the various

10  elements of the network shown in FIG. 1 are taken from the Global System for
Mobile communications (GSM) standard, which is the most successful and
widespread wireless communications system in the world. It must be noted,
however, that similar architectures are used with other wireless protocols.
[0003] The core network comprises a number of interconnected mobile

15  switching centers (MSC) 1 which have links to a public switched telephone
network (PSTN). Each MSC connects to a number of base station controllers
(BSC) 2 and each BSC connects to a number of distributed base transceiver
stations (BTS) 3. Each BTS is co-located with an antenna 4 which radiates the
wireless signals that are generated by the BTSs into free-space. Each BTS

20  provides wireless connectivity to a number of mobile stations (MS) 5 which
would commonly be mobile telephones. The coverage area of the wireless
network is subdivided into cells 6, each served by a BTS. The link between the
BSC and BTS 7 (known as the A-bis interface in GSM), is a baseband digital
interface which usually runs on a fiber-optic or microwave radio T1/E1 line.

25  [0004] The wireless signals generated by the BTS comprise a number of
channels, each channel being dedicated to a particular MS for the duration of a
call. In GSM, the channels are differentiated by a combination of frequency
and time. Each frequency, known as a radio carrier, can support up to 8 users
on a time division basis. The output of a BTS therefore comprises a number of

30 analog radio carriers, which are radiated by the co-located antenna.
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[0005] An alternative architecture, as described in U.S. Patent No.
5,682,256, is depicted in FIG. 2. Here, the BTSs are centralised rather than
distributed. In the following text, only the forward link is described (from BTS
to MS) for reasons of brevity, although the reverse link (from MS to BTS) is
also pfesent. The analog RF outputs from the co-located BTSs are fed into a
cehtral RF switch matrix 8. The outputs of the RF switch matrix are connected
to a number of optical transceiver units (OTU) 9 which convert the RF signals
to optical signals for transmission over optical fiber lines 10. The transmission
link is analog in nature and the technique is commonly known as radio-over-
fiber. Each antenna site now has a remote antenna unit (RAU) 11 in place of
the BTS from FIG. 1. The RAU converts the optical signal from the OTU back
into RF form, which is then amplified and radiated from the antenna.

[0006] In this architecture, the expensive and complex BTSs are co-
located in a benign environment (sometimes known as a BTS hotel), which
leads to reduced operational and maintenance costs. Also, the centralization of .
the radio carriers means that fewer carriers are required for the same grade of
service, leading to reduced capital expenditure on BTSs. Furthermore, the RF
switch matrix allows capacity to be allocated dynamically, so that fewer still
BTSs are needed for situations where capacity demands fluctuate on both a
spatial and temporal basis. This type of system can be used in situations where
the BTSs belong to more than one network operator, since the switch matrix
allows each operator to have their own independent radio plan. A more detailed
description of the benefits of this approach can be found in a recent paper by
Wake and Beacham, “Radio over fiber networks for mobile communications”,
Proc. SPIE, vol. 5466, 2004.

[0007] U.S. Patent No. 5,627,879 discloses a centralised BTS network
architecture in which the transmission links between the OTUs and RAUs are
digital rather than analog. Digital links have a number of advantages over
analog links in applications that require high dynamic range, because analog

links suffer from an accumulation of noise and distortion. This architecture
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combines the radio frequency (RF) analog outputs from the BTSs, performs a
frequency down-conversion function and then converts the resulting‘
intermediate frequency (IF) signal to digital form using a fast analog-to-digital
converter (ADC). This “digital RF” signal is transmitted using conventional
digital optical fiber transmission links to the RAUs, where it is converted back
to analog form using a fast digital-to-analog converter (DAC) and then
upconverted from IF to RF. This re-constituted RF signal is then amplified,
filtered and radiated from the antennas.

[0008] U.S. Patent publication US 2001/0036163 takes this basic
concept and extends it to describe a multi-operator, multi-protocol centralised
BTS system. Here, each BTS output is downconverted and digitized using
separate ADCs. The digital outputs of the ADCs are multiplexed at the central
hub before transmission and are transported to the RAUs using a common
transport system. At the RAU the digital signals are demultiplexed and each
protocol or operator has an independent “slice module” which translates the
resulting signal to RF.

[0009] However there are a number of problems with these approaches,
in terms of flexibility of service provision and allocation, resilience to failure

and transmission efficiency.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention provides a wireless signal distribution
network architecture that provides multiple operators with a low-cost and
efficient transport platform for multiple protocols with high RF power at the
antennas. This architecture is based on the principle that it must also be cost-
effective on initial deployment even though it may only support a single
operator at that time. The architecture is therefore expandable and scalable,
with each operator or protocol having largely separate equipment that can be

retrofitted without service disruption to existing operators or protocols.
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[0011] In one embodiment, the present invention comprises a system
that uses a single fiber ring to connect.one or more BTS hotels with several
remote access nodes. Each operator has one or more separate optical
wavelengths in either a coarse or a dense wavelength division multiplex
(CWDM or DWDM) architecture, which aids system modularity and
expandébility. Signal flow around the ring can either be uni-directional or bi-
directional, the latter providing resilience to a point failure in the ring. Each
optical wavelength (or wavelength pair) contains the wireless signal traffic for
all remote nodes in the ring for the operator using that particular wavelength in
digital form. At each node the incoming signals are electrically demultiplexed
and appropriate signals for that node are extracted for conversion to RF. These
signals are copied rather than cut so that they are also available at following
remote antenna nodes, thereby enabling simulcast operation.

[0012] The present invention further includes anode in a
communications system. The node comprises an optical demultiplexer to
demultiplex an optical signal received at the node into a plurality of optical
channels and an optical multiplexer to multiplex the plurality of optical
channels for transmission to a following node. The node also comprises a
remote module. The module comprises a photodiode to convert an optical
channel from the plurality of optical channels to an electrical signal and an
electrical multiplexer/demultiplexer to demultiplex the electrical signal to a
plurality of digital electrical channels with at least one digital electrical channel
being a transmit channel.. The electrical multiplexer/demultiplexer also
multiplexes digital electrical channels. The remote module further comprises a
converter to convert the transmit channel to an output analog radio frequency
signal for transmission and to convert at least one input analog radio frequency
signal to at least one digitzil electrical receive channel to be multiplexed by the
electrical multiplexer/demultiplexer onto a multiplexed electrical signal. A
laser is used to convert the multiplexed electrical signal to an optical channel to

be multiplexed by the optical multiplexer for transmission to the following
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node. The node can be used in a transmission ring for distributing wireless
communications.

[0013] The present invention further includes a method for distributing
wireless communications employing a single fiber ring to connect one or more
BTS hotels with several remote access nodes.

[0014] These and other features and advantages of embodiments of the
present invention will be apparent to those skilled in the art from the following
detailed description of the embodiments of the invention, when read with the

drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 illustrates a conventional wireless network.
[0016] FIG. 2 illustrates another conventional wireless network.
[0017] FIG. 3 illustrates an embodiment of the present invention with a

plurality of nodes connected by a single fiber ring.

[0018] FIG. 4 provides a detailed view of one of the nodes in FIG 3.
[0019] FIG. 5 illustrates a two-stage optical multiplexing and
demultiplexing process.

[0020] FIG. 6 illustrates a'‘mechanism for providing resilience in the

event of a remote module failure.

[0021] - FIG. 7 illustrates another embodiment of the present invention
with a plurality of nodes connected by a single fiber ring.

[0022] FIG. 8 provides a detailed view of one of the nodes in FIG 7.
[0023] FIGS. 9-11 illustrate different nodes of the present invention.
[0024] FIG. 12 illustrates an embodiment of the present invention that

supports digital BTSs.
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DETAILED DESCRIPTION OF THE INVENTION

[0025] _In the following description of embodiments, reference is made
to accompanying drawings which form a part hereof and in which is shown by
way of illustration specific embodiments in which the invention may be
practiced. It is to be understood that other embodiments may be utilized and
structural changes may be made without departing from the scope of the
preferred embodiments of the present invention.

[0026] Each of the embodiments discussed below describes a system
with transmit, Tx, (forward link), receive, Rx, (reverse link) and receive
diversity, RxD, signals. Other situations may also exist, such as systems with
no receive diversity or with the addition of transmit diversity (TxD).

[0027] FIGS. 3 and 4 show one embodiment of the present invention,
and the following discussion refers to both FIG. 3 and FIG. 4. FIG. 3 depicts a
uni-directional single fiber ring 12 with one BTS hotel 13 and eight remote
antenna nodes 14. FIG. 4 illustrates in detail one of the nodes 14. In this
example, the ring 12 is equipped for a single operator who uses wavelength 1
(M1). Furthermore, although ring 12 is shown as a ring in FIG. 3, it can be any
shape as long as it remains a logical ring.

[0028] At each remote antenna node 14, the optical signals are optically
demultiplexed by optical demultiplexer 19 and converted to the electrical
domain using a photodiode 21, for electrical demultiplexing by the electrical
multiplexer/demultiplexer (mux/demux) 22. The Tx signals are copied or
extracted from the electrical multiplex and both Rx and RxD signals are added
to the electrical multiplex. Note that the electrical mux/demux 22 operates on a
time division basis (time division multiplex). The new electrical multiplex
drives a laser 29 with wavelength A1 and all optical signals are multiplexed

together for onward transmission to the following remote antenna node.
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[0029] The optical demultiplexer 19 has n optical channels. 7 is chosen
as a compromise between future expandability and initial cost. It should be
noted that the present invention is not limited to optical demultiplexing and
multiplexing in a single step as illustrated in FIG. 4. For example, the optical
multiplexing and demultiplexing can be accomplished in a two-stage process, as
illustrated in FIG. 5 for an 8-channel system by way of example. In this figure,
the first stage demultiplexer 16 separates the input optical signal into low band
(1290 nm to 1350 nm) and high band (1530 nm to 1590 nm). Each optical band
is further demultiplexed into individual channels using standard 4-channel
CWDM components 17 and 18. Only one 4-channel CWDM mux/demux pair
is likely to be required for initial deployments; the second 4-channel
mux/demux pair can be added as the system expands. Therefore the expense of
equipping each node initially with an 8-channel mux/demux pair is avoided.
Obviously, other combinations can be used up to the 16 channel limit imposed
by the CWDM standard (ITU-T G.694.2). Although CWDM technology is
described here by way of example, the same methodology may be adopted
using DWDM.

[0030] The optically demultiplexed channels can either pass straight
through the node or be processed by one or more remote modules in the node.
Specifically, one or more optically demultiplexed channels can pass straight
through to the CWDM multiplexer 30 (for example, as illustrated for A2 to An
in FIG. 4). This can occur, for example, where one or more operators (such as
the operator who uses An) do not wish to provide service at that particular
remote antenna node. If an operator (such as the operator using A1) wishes to
provide service at a pérticular node, a remote module 20 is provided to process
the optically demultiplexed channel. FIG. 4 only shows one remote module 20,
but a node can have a plurality of remote modules.

[0031] Remote module contains 20 a photodiode 21 which converts the
optical signals into the electrical domain. The resulting electrical signals are
then demultiplexed by the elecirical mux/demux 22, into their constituent
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electrical channels. The appropriate Tx or transmit channels required for that
particular remote antenna node are selected and translated to RF viaa DAC 23
and upconverter (UCV) 24. The RF signals are amplified to the required output
power by power amplifiers (PA) 25. Each Tx channel has a separate DAC,
UCV, PA chain. The output from the PA goes to the antenna system (not
shown). The antenna system may comprise a separate Tx antenna or in some
cases the Tx and Rx signals' may be combined and fed to a single antenna using
a duplexer. The antenna system may transmit to mobile units such as but not
limited to mobile telephones.

[0032] The reverse link RF signals (Rx and RxD) entering the remote
module 20 from the antenna system are amplified using low noise amplifiers
(LNA) 26, frequency translated to IF using downconverters (DCV) 27 and
converted to digital form using ADCs 28. The resulting digital electrical
receive channels are multiplexed into the digital stream by the electrical
mux/demux 22 and converted back into the optical domain by a laser 29. The
wavelength of this laser 29 is chosen so that the optical channel number for that
particular remote module is maintained. This optical channel is multiplexed
with the other optical channels at the node (either from other remote modules or
from straight through optical connections) by the optical multiplexer 30. In this
way, each node in the ring extracts (copies) Tx signals and adds Rx and RxD
signals to all active optical channels. The electrical multiplex therefore contains
all of the Tx, Rx and RxD channels for all of the nodes on the ring for any
particular operator (broadcast and select architecture). The optical multiplex
contains these signals for all operators on a one-per-channel basis.

[0033] The selection of appropriate transmit signals at each of the nodes
is a type of switching function, known as broadcast and select. Broadcast and
select is a well known technique used for broadcast services such as television
and radio but is not used in non-broadcast wireless signal distribution systems.
The use of broadcast and select as a switching function is therefore one of the

key aspects of the present invention that is unique to the method and system
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described here. Routing information (i.e. which signals are appropriate for radio
transmission at any particular node) is typically contained within a control
channel which is multiplexed into the digital electrical data stream.

[0034] The embodiment of FIGS. 3 and 4 can further include resilience
to remote module failure. An example of how this resilience is implemented is
shown in FIG. 6. An active wavelength comes into the remote antenna node
and is demultiplexed by the optical demultiplexer such as demultiplexer 19 in
FIG 4. Instead of being directly connected to the remote module 20, it enters a
2-way optical switch 31. Under normal circumstances, this switch and its
partner 32 are connected to the remote module. However under fault conditions
within the remote module 20, the switches are set to by-pass mode, where a
straight-through optical cable 33 is connected. This is done in a fail-safe
manner, i.e. the switches are non-latching and move to by-pass mode on power
failure. In this way, a fault in one remote module does not affect all of the other
remote modules on the ring with that particular wavelength.

[0035] In the embodiment of FIGS. 3 and 4, the optical transmission
links such as 12 between nodes are digital. These digital optical transmission
links should preferably be fast enough to support all of the traffic for one
operator. If the required transmission rate for a particular operator exceeds
what is available from commonly-used digital transmission systems, then it may
be necessary to assign another optical channel to that operator. As an estimate
of an exemplary required transmission rate, assume that each node must support
4 GSM carriers and 1 UMTS carrier. This requires a total bandwidth of
17.4MHz for Tx, Rx and RxD signals (3 x (4 x 0.2 + 5)). Further assume that
analog to digital conversion requires approximately 40 bits per second per Hz of
bandwidth. Total transmission rate required per node is therefore
approximately 700Mb/s. Up to 13 nodes can therefore be supported per
operator-wavelength using readily-available 10Gb/s digital transmission
technology such as SONET OC-192 or 10 Gigabit Ethernet.
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[0036] FIGS. 7 and 8 illustrate another embodiment of the present
invention. Like numbers in FIGS. 7 and 8 with FIGS. 3 and 4 refer to the
same elements, and discussion of similar elements (whether or not having a
reference numeral in FIGS. 7 and 8) is not repeated.

[0037] FIG. 7 shows a bi-directional single fiber ring configuration 12°,
again with one BTS hotel 13 and eight remote antenna nodes 14. Each node 14
passes two optical wavelengths, sﬁch as Al and A2, in opposing directions (in
this arrangement each operator would have a wavelength pair). Each optical
wavelength carries the total Tx traffic for all of the nodes. Furthermore, each
optical wavelength carries all of the Rx and RxD traffic that has been
accumulated at any particular point of the ring 12, so that each carries the total
Rx and RxD traffic by the time it gets back to the BTS hotel 13. This provides
built-in redundancy, since the same signals are available at the BTS hotel 13
from both directions. In this embodiment therefore, a break at any point in the
ring does not lead to catastrophic loss of signal.

[0038] The embodiment of FIGS. 7 and 8 also provides two signal
delay-related options. If the Rx and RxD signals chosen at the BTS hotel 13
come from the opposing transmission direction to the Tx signals, then there will
be no differential delay between them. The second option is where the Rx and
RxD signals are chosen at the BTS hotel 13 to be from the same direction as the
Tx signals. In this case, their will be a constant round-trip delay from each node
on the ring 12°. The preferred option can be chosen on a per-protocol basis and
will depend on whether zero Tx/Rx differential delay or constant round-trip
delay is more important to stable system operation for any particular protocol.
[0039] If differential transmission delay between Tx and Rx (and RxD)
proves to be a problem for any particular protocol, either for the bi-directional
ring 12° or the uni-directional ring 12 described previously, then the electrical
mux/demux circuits could contain data buffers. These would serve to add delay

to the shorter of the signal paths, thereby equalising transmission delay.
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[0040] FIG. 8 shows the layout of a remote antenna node 14 in FIG. 7 in
more detail. Wavelength A1 operates as described previously. Wavelength A2
travels around the ring in the.opposite direction. The remote module 34
contains an additional laser 35 and photodiode 36. The CWDM components at
the input 37 and output 38 of the node are optical multiplexers and
demultiplexers. The electrical mux/demux 39 processes bi-directional digital
signal flows.

[0041] In the above embodiments in FIGS. 3 and 4 and FIGS. 7 and 8,
all nodes except the BTS hotel 13 are represented as remote antenna nodes 14.
However, the present invention is not limited to such an arrangement. The
nodes may be any combination of remote antenna nodes, BTS hotels, points
where backhaul links to the core network enter the ring or macrocell sites
(where BTSs or backhaul links may be connected to the ring).

[0042] In the above embodiments in FIGS. 3 and 4 and FIGS. 7 and 8,
all the links in the ring 12 or 12’ use optical fiber. However, the present
invention is not limited to such an arrangement. The links may include other
transmission media such as free-space optics or microwave radio. The node in
one such embodiment is illustrated in FIG. 9. Discussion of similar elements to
the nodes in FIGS. 4 and 8 is not repeated. The node in FIG. 9 is in a uni-
directional ring with a microwave radio output 40 transmitted to the following
node via an antenna 41. This digital microwave radio will typically be a
commercially-available transmission link, possibly using a millimetre-wave
frequency band. In most cases only active channels would be transmitted in this
manner for reasons of cost. Thus, the transmission ring may have one
transmission media between a node and a following node and a second,
different transmission media between the following node and a further node on
the ring.

[0043] It should be noted that the present invention is not limited to
linking nodes by the optical fiber as illustrated in FIG. 4 or even a mixture of

optical fiber and microwave radio as illustrated in FIG. 9. The nodes, for
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example, may. be linked such that all of the liﬂks use either free-space optical or
microwave radio transmission. For the case of a ring using only microwave
radio transmission links, the first stage multiplexing and demultiplexing would
use frequency division multiplexing (FDM) rather than the wavelength division
multiplexing described here. In this arrangement, each microwave radio would
operate at a particular carrier frequency to avoid interference with other
microwave radios using the same transmission path.

[0044] The BTSs, such as BTS 13 in FIGS. 3 and 7, have analog RF
outputs. However, the present invention is not limited to such BTSs. For
example, there are initiatives presently under development that separate the
baseband digital parts of a BTS from the analog radio parts, thereby exposing a
standardised digital interface. These initiatives are the common public radio
interface (CPRI) and the open base station architecture initiative (OBSAI). It is
likely that these “digital” base stations will be deployed in the next few years.
[0045] The present invention can support such digital base stations.
FIG. 10 illustrates a node in an embodiment that utilizes digital base stations.
Discussion of similar elements to the nodes in FIGS. 4, 8 and 9 is not repeated.
The node is in a bi-directional ring. The baseband digital output from a CPRI or
OBSAI BTS is multiplexed into the electrical data streams that circulate round
the ring and selected or added at appropriate nodes. The electrical mux/demux
therefbre presents an appropriate CPRI or OBSAI interface 42 at the output of
the remote module for connection of a standard remote radio head.

[0046] An alternative embodiment is shown in FIG. 11 for the case of a
uni-directional ring. Discussion of similar elements to the nodes in FIGS. 4, 8,
9 and 10 is not repeated. In FIG. 11, the CPRI/ OBSAI data streams are carried
on a separate optical wavelength A2 and presented as an output of the remote
module via an interface unit 43.

[0047] Another embodiment that supports digital BTSs is shown in FIG.
12. The output of a digital BTS 44 is converted to the same format as the
digitized RF from the traditional analog BTSs using a digital signal processor
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45. These signals are transported round the ring in exactly the same way as the

signals from the analog BTSs.

[0048] It should be noted that other digital information and data may be
multiplexed within the digital electrical data stream that passes around the ring.
For example, data signals for, wireless local area network (e.g. WiFi) or wireless
access network (e.g. WiMax) protocols may be added. An appropriate physical
layer interface port, such as Ethernet, would then be presented at the output of
the remote modules so that standard WiFi or WiMax access points could be
deployed at the remote antenna nodes. In fact any equipment that uses a
standard digital interface such as Ethernet (for example closed circuit television
cameras) could be deployed at the remote anteﬁna nodes by this means.

[0049] While the present invention has been described in the context of
an apparatus, the present invention also includes a communications method. In
one embodiment, a method is performed to execute the present invention. The
method comprises providing a node on a transmission ring. The node, for
example, may have the structure of any of the nodes illustrated in FIGS. 4 and
8-11. The node receives an optical signal. The signal may be sent by another
node on the transmission ring, such as a BTS. Once the signal is received, the
node demultiplexes the optical signal into a plurality of optical channels. This
can be done by a demultiplexer, such as the demultiplexer 19 in FIG. 4 and the
demultiplexer 37 in FIG. 8.

[0050] At least one of the optical channels is converted to an electrical
signal by, for example, a photodiode. The electrical signal is demultiplexed to a
plurality of digital electrical channels. Such demultiplexing can be achieved by
an electrical multiplexer/demultiplexer such as the electrical
multiplexer/demultiplexer 22 in FIG. 4. The appropriate transmit channels are
converted to output analog radio frequency signal. This can be done through an
arrangement employing a digital-to-analog converter 23 and upconverter 24 as
in FIG. 4.
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[0051] Any input analog radio frequency signals received by the remote
module is converted to a digital electrical receive signal. This can be done
through an arrangement employing a downconverter 27 and an analog-to-digital
converter 28 as in FIG. 4. The digital electrical receive signal is multiplexed
with other digital electrical channels. The resulting multiplexed signal is
converted to the optical channel by, for example, a laser. The optical channel is
multiplexed with other optical channels onto an optical signal for transmission
to a further node on the transmission ring.

[0052] It should be noted that each node of the communications method
can either be a remote antenna node, a base station hotel, a backhaul connection
point or a macro base station site such the transmission ring can have a variety
of different types of nodes or identical nodes. It should also be noted that the
transmission between the nodes can be through a variety of transmission media
as discussed above.

[0053] The communications method may further include the
demultiplexing of the optical signal into two signals and demultiplexing each of
the two signals into a plurality of optical channels. This step has many benefits
as discussed above with respect to FIG. 5. The communications method may
further include transmitting certain optical channels directly from the optical
demultiplexer to the optical multiplexer.

[0054] The communications method may provide for resilience. A path
is provided between the optical multiplexer and the optical multiplexer. The
method further includes providing a switch in the path. The node controls the
switch such that the switch can direct the optical channel to the path in the event
the remote module fails. This method has many benefits as discussed with
respect to FIG. 6.

[00S5] The communications method may provide a remote module with
a digital interface. The digital interface can be used to receive and transmit a
digital electrical channel or channels from digital base station as discussed with

respect to FIG. 10. The digital interface can be an interface for digital
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transmission systems such as Ethernet. The method can further provide that
signals from analog and digital base stations are transported around the ring on
separate optical channels as discussed with respect to FIG. 11. The method can
further provide converting the output of a digital base station to the same format
as the digitized RF from the analog base stations using a digital signal processor
as described with respect to FIG. 12.

[0056] The communications method can employ the broadcast and
select communications method. In the broadcast and select method, the optical
signal carries transmit signals for all the plurality of nodes in the transmission
ring. At each node, the appropriate transmit channels are selected for
transmission by the node. Any signals received by the node are added to the
optical signal (such as in the manner discussed above with respect to FIG. 4
above). The optical signal is then transmitted to the next node.

[0057] In another embodiment, a communications method can be
performed using a bi-directional approach as, for example, illustrated in FIG. 7.
In this method, two signals are transmitted along the ring as discussed above.
The signals may be transmitted in the same direction (e.g., both clockwise) or in
opposite directions.

[0058] Although the present invention has been fully described in
connection with the embodiments thereof and with reference to the
accompanying drawings, it is to be noted that various changes and
modifications will become apparent to those skilled in the art. Such changes
and modifications are to be understood as being included within the scope of the

present invention as defined by the claims.
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CLAIMS
What is claimed is:
1. A wireless signal distribution system comprising:

a transimission ring; and
a plurality of nodes arranged in the transmission ring such that at least one
optical signal is transmitted from node to node along the transmission ring, at
least one node comprising,
an optical demultiplexer to demultiplex the optical signal received at the
node into a plurality of optical channels;
an optical multiplexer to multiplex the plurality of optical channels for
transmission to a following node via a transmission media; and
at least one remote module comprising,
a photodiode to convert an optical channel from the plurality of
optical channels to an electrical signal,
an electrical multiplexer/demultiplexer to demultiplex the electrical
signal to a plurality of digital electrical channels, at least one digital electrical
channel being a transmit channel, and to multiplex digital electrical channels,
a converter to convert the transmit channel to an output analog radio
frequency signal for transmission via an antenna and to convert at least one
input analog radio frequency signal from an antenna to at least one digital
electrical receive channel to be multiplexed by the electrical
multiplexer/demultiplexer onto a multiplexed electrical signal, and
a laser for converting the multiplexed electrical signal to the optical
channel to be multiplexed by the optical multiplexer for transmission to the

following node.

2. The wireless signal distribution system of claim 1 wherein the node
is a remote antenna node, a base station hotel, a backhaul connection point or a

macro base station site.
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3. The wireless signal distribution system of claim 1 wherein the
converter comprises a downconverter to convert the input analog radio
frequency signal to an analog intermediate frequency signal and an analog-to-
digital converter to convert the analog intermediate frequency signal to the

digital electrical receive channel.

4,  The wireless signal distribution system of claim 3 wherein the
converter further comprises an analog-to-digital converter to convert the
transmit channel to an analog intermediate frequency signal and a upconverter
to convert the analog intermediate frequency signal to the output analog radio

frequency signal.

5. The wireless signal distribution system of claim 1 wherein the

transmission media is an optical fiber, a microwave radio or free-space optics.

6. The wireless signal distribution system of claim 1 wherein the
transmission media between the node and the following node is identical to a

transmission media between the following node and a further node.

7. The wireless signal distribution system of claim 1 wherein the
optical signal is transmitted unidirectionally from node to node along the
transmission ring such that the optical signal carries all transmission channels

fro the plurality of nodes and all receive channels accumulated by the signal.

8. The wireless signal distribution system of claim 1 wherein the
optical signal is transmitted from node to node along the transmission ring in a
first direction and a second optical signal is transmitted from node to node along
the transmission ring in a second direction such that the optical signal carries all

transmission channels for the plurality of nodes and all receive channels
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accumulated by the signal and the second optical signal carries all transmission
channels for the plurality of nodes and all receive channels accumulated by the

second signal.

9. The wireless signal distribution system of claim 8 wherein the first

and second directions are identical.

10.  The wireless signal distribution system of claim 1 wherein the
optical demultiplexer demultiplexes the optical signal into two signals and

demultiplexes each of the two signals into a plurality of optical channels.

11.  The wireless signal distribution system of claim 1 wherein at least
one of the plurality of optical channels is input directly to the optical

multiplexer.

12.  The wireless signal distribution system of claim1 wherein the node
further comprises a path between the optical demultiplexer and the optical
multiplexer and a switch in the path, said switch directing the optical channel to

the path in the event the remote module fails.

13.  The wireless signal distribution system of claim 1 wherein the

remote module further comprises a digital interface.

14.  The wireless signal distribution system of claim 1 wherein the digital

interface is to receive and transmit at least one digital electrical channel from

~ and to a digital base station.

15.  The wireless signal distribution system of claim 14 wherein the
digital electrical channel received from the digital base station is multiplexed by

the electrical multiplexer/demultiplexer onto the multiplexed electrical signal
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such that the multiplexed electrical signal contains channels from an analog

base station and the digital base station.

16. The wireless signal distribution system of claim 14 wherein the
digital electrical channel received from the digital base station is converted to a
second optical channel and the optical channel and the second optical channel

are multiplexed by the optical multiplexer.

17.  The wireless signal distribution system of claim 13 wherein the
digital interface is an Ethernet interface to receive and transmit digital data.
{
18.  The wireless signal distribution system of claim 1 wherein the
optical signal comprises at least one optical channel from an output of an analog
base station and at least one optical channel from an output of a digital base

station.

19.  The wireless signal distribution system of claim 18 wherein the
output of the digital base station is converted by a digital signal processor and

multiplexed with the output of the analog base station.

20. A node in communications system, said node comprising:
an optical demultiplexer to demultiplex an optical signal received at the
node into a plurality of optical channels;
an optical multiplexer to multiplex the plurality of optical channels for
transmission to a following node; and
at least one remote module comprising
a photodiode to convert an optical channel from the plurality of optical

channels to an electrical signal,
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an electrical multiplexer/demultiplexer to demultiplex the electrical
signal to a plurality of digital electrical channels, at least one digital electrical
channel being a transmit channel, and to multiplex digital electrical channels,

a converter to convert the transmit channel to an output analog radio
frequency signal for transmission via an antenna and to convert at least one
input analog radio frequency signal from an antenna to at least one digital
electrical receive channel to be multiplexed by the electrical
multiplexer/demultiplexer onto a multiplexed electrical signal, and

a laser for converting the multiplexed electrical signal to an optical
channel to be multiplexed by the optical multiplexer for transmission to the

following node.

21. A communications method comprising:

providing a node on a transmission ring;

receiving at least one optical signal at the node;

demultiplexing the optical signal into a plurality of optical channels;

converting an optical channel to an electrical signal;

demultiplexing the electrical signal to a plurality of digital electrical
channels;

converting one of the digital electrical channels to an output analog radio
frequency signal;

converting an input analog radio frequency signal to a digital electrical
receive channel;

multiplexing the digital electrical receive channel onto a multiplexed
electrical signal;

converting the multiplexed electrical signal to the optical channel;

multiplexing the optical channel onto an optical signal; and

transmitting the optical signal to a further node on the transmission ring.

22. A communications method comprising:
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providing a plurality of nodes on a transmission ring;
transmitting an optical signal from node to node, said optical signal carrying
transmit signals for all the plurality of nodes; .
extracting, at each node, from the optical signal any transmit signals to be
5 transmitted by the node; and
adding, at each node, to the optical signal any receive signals received by

the node.
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