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TRANSMISSION OF MULTIPROTOCOL
DATA IN A DISTRIBUTED ANTENNA
SYSTEM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to data transmission in
a distributed antenna system (DAS) in proximity with a local
area network (LAN), wherein a radio data interface protocol
is applied to the data having multiple data protocols for trans-
fer over the transmission infrastructure of the DAS.

[0002] Transceiver systems in wireless communication
networks perform the control functions for directing signals
among communicating subscribers, or terminals, as well as
communication with external networks. The general opera-
tions of a radio transceiver system include receiving radio
frequency (RF) signals, converting them to signal data, per-
forming various control and signal processing operations on
the signal data, converting the signal data to an RF signal and
transmitting the RF signal to the wireless subscriber. Trans-
ceiver systems in wireless communications networks include
radio base stations and distributed antenna systems (DAS).
For the reverse link, or uplink, a terminal transmits the RF
signal received by the transceiver system. For the forward
link, or downlink, the transceiver system transmits the RF
signal to a subscriber, or terminal, in the wireless network. A
terminal may be fixed or mobile wireless user equipment unit
(UE) and may be a wireless device, cellular phone, personal
digital assistant (PDA), personal computer or other device
equipped with a wireless modem.

[0003] Transceiver systems in wireless communication
networks must manage the increasing amounts of data
required for offering new services to an expanding subscriber
base. System design challenges include ensuring flexibility
for evolving standards, supporting growing data processing
requirements and reducing overall cost. The modular design
approach for radio base stations and distributed antenna sys-
tems provides the flexibility to meet these challenges. The
components of modular designs include base station proces-
sors, or radio equipment controllers (RECs) and RF units, or
radio equipments (RE), coupled by serial data links, using
copper wire or fiber optic cabling. The REs include transmit-
ters, receivers, analog to digital converters (ADCs) and digital
to analog converter (DACs). Wire or fiber optic serial data
links transfer the sampled signals between the REs and the
REC of the radio base station system. The sampled signals
may be centered at the RF or converted to an intermediate
frequency (IF) or baseband prior to transfer over the data link.
The REC includes functions for signal processing, control
and communication with external networks.

[0004] In atypical wireless communication network, wire-
less user equipment units (UEs) communicate via a radio
access network (RAN) to one or more core networks. The
RAN covers a geographical area which is divided into cell
areas, with each cell area being served by a radio base station.
A cellis a geographical area where radio coverage is provided
by the radio equipment (RE) at a base station site. Each cell is
identified by a unique identity, which is broadcast in the cell.
The RE communicates over the air interface with the UEs
within range of the base station. In the radio access network,
several base stations are typically connected (e.g., by land-
lines or microwave) to a control node known as a base station
controller (BSC) or radio network controller (RNC). The
control node supervises and coordinates various activities of
the plural radio base stations connected to it. The RNCs are
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typically connected to one or more core networks. One
example of a radio access network is the Universal Mobile
Telecommunications (UMTS) Terrestrial Radio Access Net-
work (UTRAN). The UTRAN radio access network uses
wideband code division multiple access (WCDMA) for com-
munication with the UEs.

[0005] The modular design approach for radio transceiver
systems has led the industry to develop interface standards.
One example of an internal interface of a transceiver system
which links the radio equipment to a radio equipment control
controller is the Common Public Radio Interface (CPRI). The
Common Public Radio Interface Specification Version 4.1
(2009 Feb. 18) and previous versions, referred to herein as
“CPRI specification,” define a publicly available specifica-
tion for the data transfer interfaces between the radio equip-
ment (RE) and radio equipment controllers (REC) of trans-
ceiver systems, including base stations and distributed
antenna systems (DAS). The radio equipment control (REC)
processes baseband signal data and communicates with the
RNC via an interface referred to as “Iub” for UMTS. The
radio equipment (RE) performs the RF processing for trans-
mission of signals over the antenna to UEs, referred to as
“Un” for the UMTS air interface. The REC and RE corre-
spond to the base station processor and the RF unit, respec-
tively. The CPRI specification defines protocols for the serial
interface and operations at the physical layer (Layer 1) and
the data link layer (Layer 2). Layer 1 and Layer 2 are two of
seven categories in the hierarchy of communications func-
tions defined for the “Open System Interconnection (OSI)”
network architecture developed by the International Organi-
zation for Standardization (ISO), referred to as the ISO-OSI
network architecture. The serial data link between REC and
RE or between two REs, is a bidirectional interface with one
transmission line per direction. Connection topologies
between the REC and one or more REs include point-to-
point, multiple point-to-point, chain, star, tree, ring and com-
binations thereof.

[0006] The CPRI specification supports cellular radio stan-
dards 3GPP UTRA FDD, Release 8 (December 2008) and
3GPP E-UTRA, Release 8 (December 2008). The CPRI
specification also supports the wireless networking protocol
Worldwide Interoperability for Microwave Access, known as
WiMax (IEEE 802.16-2004 and IEEE 802.16e-2005). For
WiMax, the REC provides access to network entities, such as
other WiMax base stations or a WiMax Access Service Net-
work Gateway (ASN-GW). The RE provides the air interface
to the subscriber station or mobile subscriber station.

[0007] Another example of an interface specification for
modular architecture of radio transceiver systems is the Open
Base Station Architecture Initiative (OBSAI). The OBSAI
specification describes alternative protocols for the intercon-
nection of RF modules, analogous to RE of the CPRI speci-
fication, and baseband modules, analogous to REC of the
CPRI specification, as well as data transfer protocols for the
serial data links. The OBSAI standard supports several wire-
less modulation formats, including GSM/EDGE, WCDMA,
CDMA and WiMax. The OBSAI standard can also accom-
modate other wireless network configurations or signal
modulation formats by incorporating general purpose mod-
ules. The OBSAI standard is described in the documents,
“OBSAI Open Base Station Architecture Initiative BTS Sys-
tem Reference Document,” Version 2.0, 2006, and “OBSAI
Open Base Station Architecture Initiative Reference Point 3
Specification,” Version 4.0, 2007.
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[0008] A distributed antenna system (DAS) distributes sig-
nal data from a main antenna or radio data resource to mul-
tiple remote antennas connected via Cat5 cable, coaxial cable
or fiber optic links. A DAS can connect to a variety of wireless
services and then rebroadcast those signals throughout the
areas in which the DAS is installed. For example, a DAS can
improve cellular telephone coverage within a large building
or other structure. A main transceiver and antenna positioned
on the roof of the building is connected by cable or fiber to
multiples distributed antennas within the building. A DAS
may include a “head end” into which source signals are com-
bined for distribution to remote radio units. A DAS system
may provide coverage in confined spaces, such as high rise
buildings, tunnels, railways and airports. As defined by the
DAS Forum of the Personal Communications Industry Asso-
ciation (PCIA), a DAS is a network of spatially separated
antenna nodes connected to a common source via a transport
medium that provides wireless communication service within
a geographic area or structure. The DAS antenna elevations
are generally at or below the clutter level and node installa-
tions are compact. A digital serial data link may connect the
head end to the remote radio units, or heads.

[0009] Communication infrastructure within a building or
structure may include physically distinct networks that sup-
port different services. For example, the communications
infrastructure for a large building may include a DAS for
providing cellular telephone service to UE devices on the
premises and an Ethernet-based local area network (LAN) for
providing Internet service to user terminals in the building.
The DAS for the building may include a head end REC that
interfaces with the RAN and one or more REs distributed at
locations in the structure for communication over the air
interface with UE devices. The building’s LAN may include
an Ethernet switch connected to the Internet and distributing
the data packets to the user terminals via the Ethernet media
system, such as the Gigabit Ethernet (GbE) twisted-pair
1000BASE-T.

[0010] Using a common distribution infrastructure for data
from both the radio access network and from other sources,
such as the Internet, can provide savings in both the commu-
nication infrastructure installation and maintenance. The
LAN infrastructures commonly use the protocols for Ethernet
data link layer (Layer 2) and physical layer (Layerl)
described in the IEEE 802.3 Standard. The DAS may use the
CPRI protocol or other radio data protocol to distribute radio
packets between the head end REC and the REs distributed in
the building or structure. Mapping the Ethernet frames to the
CPRI radio data framing protocol without introducing unac-
ceptable latency to the distribution of data to both wireless
devices and to Internet subscribers will allow a single com-
munication infrastructure to support both services within the
building or structure. The combined DAS and LAN distribu-
tion infrastructure will allow economies in both installation
and maintenance of the radio network and Internet network
services within the building or structure.

[0011] Increasing the data transfer capacity of serial data
links allows lower cost links in the DAS. Compression of
signal samples prior to transfer over the serial data links
improves the capacity of existing data links to transfer
increasing traffic, possibly eliminating or at least postponing,
the need to upgrade the existing data links. Computationally
efficient compression and decompression conserves comput-
ing resources. Therefore, there is also a need for compressing
signal samples from the radio sources and transferring the
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compressed samples with the data from the Internet or LAN
sources using the radio data transfer protocol of the DAS.

SUMMARY OF THE INVENTION

[0012] A general object of the invention is to provide effi-
cient transmission of data having different sources and pro-
tocols in a DAS and LAN using a common communication
infrastructure.

[0013] The present invention provides a method of data
distribution in a DAS and LAN that supports downlink com-
munication. For the downlink communication, a REC pro-
vides signal samples organized in radio data frames in accor-
dance with a radio data interface protocol and a switch
provides data packets organized in accordance with a LAN
protocol. The data packets are destined for a corresponding
LAN segment coupled to communicate with a corresponding
RE. The method includes steps performed at a gateway of
receiving the data packets from the switch, receiving the
signal samples from the REC, mapping the data bits from the
data packets and the signal samples to one or more mixed-
data frames having the frame structure in accordance with the
radio data interface protocol, and transmitting the mixed-data
frame over a data transfer interface to the corresponding RE.
At the RE, the method includes steps of receiving the mixed-
data frame, retrieving the data bits and the signal samples
from the mixed-data frame, formatting the data bits into
reconstructed data packets in accordance with the LAN pro-
tocol for transmission to the corresponding LAN segment,
and providing the signal samples of the corresponding
antenna-carrier to the DUC.

[0014] The present invention further provides a method of
data distribution in a DAS and LAN that supports uplink
communication. For the uplink communication, data packets,
organized in accordance with the LAN protocol, are trans-
mitted from one or more LAN segments of the LAN to the
corresponding RE. The RE applies an analog to digital con-
verter (ADC) to a received analog signal and a digital down-
converter (DDC) to produce the signal samples of one or more
antenna-carriers. At the RE, the method comprises steps of
receiving the data packets from a corresponding LAN seg-
ment, mapping the data bits from the data packets and the
signal samples output from the DDC to one or more mixed-
data frames, the mixed-data frame having a frame structure in
accordance with a radio data interface protocol, and transmit-
ting the mixed-data frame over a data transfer interface to the
gateway. At the gateway, the method comprises the steps of
receiving the mixed-data frame, retrieving the data bits and
the signal samples from the mixed-data frame, formatting the
data bits into one or more reconstructed data packets in accor-
dance with the LAN protocol for transmission to a switch, and
mapping the signal samples to a radio data frame for transfer
to a REC.

[0015] The present invention further provides an apparatus
for data distribution in a DAS and LAN that supports down-
link communication. For the downlink communication, a
REC provides signal samples organized in radio data frames
in accordance with a radio data interface protocol and a
switch provides data packets organized in accordance with a
LAN protocol. The data packets are destined for a corre-
sponding LAN segment coupled to communicate with a cor-
responding RE. The apparatus comprises a gateway, includ-
ing one or more gateway ports to receive the data packets from
the Ethernet switch. The gateway receives the signal samples
from the REC via a serial data link. The signal samples are
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organized into one or more radio data frames. The gateway
comprises a mixed-data framer that maps the data bits from
the data packets and the signal samples for the corresponding
RE into one or more mixed-data frames, the mixed-data
frames having the frame structure in accordance with the
radio data interface protocol. The mixed-data frames are
transferred via a data transfer interface to the corresponding
RE. At the RE, a mixed-data deframer retrieves the data bits
and the signal samples from the mixed-data frame and pro-
vides the signal samples to the DUC. Formatting logic for-
mats the data bits into one or more reconstructed data packets
for transmission to the corresponding LAN segment.

[0016] The present invention further provides an apparatus
for data distribution in a DAS and LAN that supports uplink
communication. For the uplink communication, the data
packets, organized in accordance with the LAN protocol, are
transmitted from one or more LAN segments of the LAN to
the corresponding RE. The RE applies an ADC to a received
analog signal followed by a DDC to produce the signal
samples of one or more antenna-carriers. At the RE, the
apparatus comprises a mixed-data framer that receives the
signal samples output from the DDC and the data bits of the
data packets received from the corresponding AN segment.
The mixed-data framer maps the data bits and the signal
samples to one or more mixed-data frames having a frame
structure in accordance with a radio data interface protocol.
The apparatus further comprises a gateway that receives the
mixed-data frame from the corresponding RE via a data trans-
fer interface. The gateway comprises a mixed-data deframer
that retrieves the data bits and the signal samples from the
mixed-data frame, formatting logic that formats the data bits
into one or more reconstructed data packets for transmission
to a switch, and a radio data framer that maps the signal
samples into one or more radio data frames for transfer to a
REC.

[0017] A gateway is described that is arranged for an
addressed packet protocol including packets having destina-
tion addresses, such as an Ethernet protocol, and a time divi-
sion multiplexed container protocol, such as a radio data
interface protocol, configured for a communication with an
access point such as a radio or radios like those used in RE
systems with co-located wireless data networks and wireless
cellular telephone networks. The gateway comprises a plu-
rality of data ports, including a first port configured for data
communications according to the addressed packet protocol
with end stations accessible through the access point, a sec-
ond port configured for data communications according to the
time division multiplexed container protocol and a third port
configured for data communications according to the time
division multiplexed container protocol between the gateway
and the access point; and a processor coupled to the plurality
of data ports, including logic to process downlink data pack-
ets from the addressed packet protocol carrying destination
addresses of end stations accessible through the access point,
and downlink containers including groups of signal samples
from the time division multiplexed container protocol, and to
produce mixed-data communications according to the time
division multiplexed container protocol, including a first set
of output containers carrying respective parts of the downlink
data packets and a second set of output containers carrying
respective groups of the signal samples from the downlink
containers, and to transmit first and second sets of containers
on the third port. Also the gateway can include logic to pro-
cess mixed-data communications including uplink mixed-
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data input containers from the time division multiplexed con-
tainer protocol received on the third port, the mixed-data
input containers including sets of input containers carrying
parts of uplink data packets from the addressed packet pro-
tocol having source addresses from the end stations acces-
sible through the access point, and sets of input containers
carrying groups of uplink data samples from the wireless
cellular protocol, and to produce data communications
according to the addressed packet protocol carrying the
uplink data packets and data communications according to
the time division multiplexed container protocol carrying
groups of the uplink data samples. In advantageous embodi-
ments, the gateway processor includes logic to apply data
compression to the signal samples for the second set of output
containers.

[0018] A radio network access device is also described that
is arranged for an addressed packet protocol including pack-
ets having destination addresses and a wireless cellular pro-
tocol, and that is adapted for use with the gateway described
above. The access device that is described comprises a radio
or radios including one or more antennas configured for com-
munications according to the addressed packet protocol with
end stations accessible through the radio or radios, and for
data communications according to wireless cellular protocol;
a data port configured for data communications according to
atime division multiplexed container protocol; and a proces-
sor coupled to the radio or radios and the data port, including
logic to process data packets from the addressed packet pro-
tocol and an uplink stream of signal samples from wireless
cellular protocol, and to produce mixed-data communica-
tions according to a time division multiplexed container pro-
tocol, including a first set of output containers carrying parts
of the uplink data packets and a second set of output contain-
ers carrying groups of the uplink signal samples, and to trans-
mit the first and second sets of containers on the data port. The
processor of the access device can also include logic coupled
to the data port and to the radio or radios, to process mixed-
data communications according to a time division multi-
plexed container protocol received on the data port, including
a first set of input containers carrying parts of downlink data
packets and a second set of input containers carrying groups
of downlink signal samples, and to transmit the addressed
data packets for the addressed packet protocol and a stream of
signal samples for the cellular protocol to the radio or radios.
In advantageous embodiments, the access point processor
includes logic to apply data compression to the signal
samples for the second set of output containers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 illustrates communication between REC and
RE modules for a DAS or a radio base station.

[0020] FIG. 2 shows an example configuration having two
REs.

[0021] FIG. 3 shows multiple point-to-point links between
one REC and several REs in a star topology.

[0022] FIG. 4 shows multiple REs connected in series to
REC in a chain topology.

[0023] FIG. 5 shows interconnected REs connected to the
REC in a tree topology.

[0024] FIG. 6 shows REC and REs connected in a ring
topology.

[0025] FIG. 7 illustrates an overview of the basic protocol
hierarchy in accordance with the CPRI specification.
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[0026] FIG. 8 illustrates the CPRI basic frame structure for
the 614.4 Mbps line bit rate.

[0027] FIG. 9 illustrates the CPRI basic frame structure for
the 1228.8 Mbps line bit rate.

[0028] FIG. 10 illustrates the CPRI framing hierarchy for
the 1228.8 Mbps line bit rate.

[0029] FIG. 11 shows an example of mapping 1,Q data for
transfer according to the CPRI protocol.

[0030] FIG.12 gives an overview of the functions of the RE
and REC.
[0031] FIG. 13 illustrates an example of a DAS that distrib-

utes data within a building or structure from radio network,
LAN and Internet sources, in accordance with a preferred
embodiment.

[0032] FIG. 14 is an embodiment of downlink functions of
the gateway in communication with three REs.

[0033] FIG. 15 illustrates an example of mapping 1,Q data
and Ethernet data by the mixed-data framer.

[0034] FIG. 16 is an embodiment of uplink communication
functions of the gateway connected with three REs.

[0035] FIG. 17 is a block diagram of the RE, in accordance
with a preferred embodiment.

[0036] FIG. 18 illustrates an overview of communication
between the REC, gateway and RE.

[0037] FIG. 19 illustrates an example of communication
between the REC, gateway and two REs connected in a chain
topology.

[0038] FIG. 20 illustrates an example of a DAS topology
having cascaded REs and multiple LAN segments.

[0039] FIG. 21 is a block diagram of a RE that applies
compression and decompression to the baseband 1,Q signal
samples, in accordance with a preferred embodiment.

[0040] FIG. 22 illustrates an example of mapping com-
pressed 1,Q data and Ethernet data by the mixed-data framer.
[0041] FIG. 23 illustrates an example of a gateway that
includes compression in the downlink functions.

[0042] FIG. 24 illustrates an example of a gateway that
includes decompression in the uplink communication func-
tions.

[0043] FIG. 25 is an example of a REC that includes com-
pression and decompression.

[0044] FIG. 26 illustrates the mapping and multiplexing of
the compressed data packets.

[0045] FIG. 27 shows a block diagram of an embodiment of
the compressors for the RE, gateway or REC.

[0046] FIG.28shows a block diagram of an embodiment of
the decompressor for the RE, gateway or REC.

DETAILED DESCRIPTION

[0047] FIG. 1 illustrates communication between REC and
RE modules for a DAS or a radio base station. The REC 22
and RE 24 are connected by a serial data link 26. The Layer 2
and the Layer 1 blocks represent the communication func-
tions between the REC 22 and the RE 24. As in the CPRI
specification, the description herein is based on the UMTS
(Universal Mobile Telecommunication System) nomencla-
ture. However, the REC 22, RE 24 and the serial data link 26
may operate in accordance with other specifications, such as
the above-referenced OBSALI specification or a proprietary
specification.

[0048] Ina DAS, the REC 22 and one or more REs 24 may
be physically separated. The REs 24 may be close to the one
or more antennas radiating signals to UEs in the building or
structure via the Uu interface 32. The REC 22 may be located
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in a conveniently accessible site. Depending on the interface
30 between the REC and the radio access network (RAN), the
REC 22 and one of the REs 24 may be co-located, as in a
conventional radio base station design, at the head end of the
DAS and additional remote REs 24 installed at remote loca-
tions in the building or structure. Alternatively, the interface
30 may connect the REC 22 and a Radio Network Controller
(RNC) via the Iub interface for the UMTS radio access net-
work.

[0049] The basic functions of the REC 22 may include the
Tub transport and protocols, the Node B (base station) control
and management, and the digital baseband processing. For
the downlink (i.e., from REC 22 to RE 24), the REC 22
handles such operations as channel coding, interleaving,
spreading, scrambling, adding of physical channels, control-
ling transmit power of each physical channel, frame and
signal slot generation (including clock stabilization). For the
uplink (i.e., from RE 24 to REC 22), the REC 22 handles such
operations as channel de-coding, de-interleaving, de-spread-
ing, de-scrambling, signal distribution to signal processing
units, detection of feedback information for transmit power
control, and signal to interference ratio measurement.
[0050] The RE 24 serves the air interface 32 to the user
equipment (UE) or mobile devices (not illustrated). In an
UMTS network the air interface is called the Uu interface.
The RE 24 provides the analog and radio frequency functions
such as filtering, modulation, frequency conversion and
amplification. For the downlink, the RE 24 performs opera-
tions such as digital to analog (D/A) conversion, upconver-
sion, on/off control of each carrier, carrier multiplexing,
power amplification and limiting, antenna supervision, and
RF filtering. For the uplink, the RE 24 performs operations
such as analog to digital (A/D) conversion, downconversion,
automatic gain control, carrier de-multiplexing, low noise
amplification, and RF filtering. The REC 22 performs the
processing functions of the digital baseband domain, whereas
the RE 24 performs the A/D and D/A conversion functions
and the analog radio frequency functions. For this example,
the functional split between the REC 22 and RE 24 allows the
transfer of digital baseband samples representing user data
via the serial data link 26. The digital baseband samples
include in-phase and quadrature (I,Q) samples representing
the user data, also referred to as the user plane. In general, the
signal samples representing the user data may be real-valued
samples or complex-valued (1,Q) samples. The center fre-
quency of the signal samples may be substantially zero (base-
band) or an intermediate frequency (IF).

[0051] FIG. 2 shows an example configuration having two
REs 24-1 and 24-2. Both the REs 24-1 and 24-2 each have
respective air interfaces 32-1 and 32-2 for communicating
with user devices. The serial data links 26-1 and 26-2 connect
the intermediate RE 24-1 to the REC 22 and to the second RE
24-2, respectively. The intermediate RE 24-1 is able to relay
information between the second RE 24-2 and the REC 22 in
addition to transferring user data between the REC 22 and
user devices via the air interface 32-1.

[0052] FIG. 3 through FIG. 6 show examples of various
topologies for links between RECs and REs in a DAS. FIG. 3
shows multiple point-to-point links between one REC 22 and
multiple REs 24 in a star topology. F1G. 4 shows multiple REs
24 connected in series to REC 22 in a chain topology. FIG. 5
shows interconnected REs 24 connected to the REC 22 in a
tree topology. FIG. 6 shows REC 22 and REs 24 connected in
a ring topology.
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[0053] The CPRI specification defines protocols for the
Layer 1 and the Layer 2 for transfer of the user data, control
and management data and synchronization information
between the REC 22 and one or more REs 24 and between
REs, i.e. RE 24-1 and RE 24-2. Layer 1 specifications include
the line transmission bit rates, electrical characteristics, opti-
cal characteristics, line coding, time division multiplexing of
the different data flows, frame structure and low level signal-
ing. Layer 2 specifications include control and management
data, data mapping, media access control, data flow and pro-
tection of the control and management data. Generally, the
CPRI defined protocols include a time division multiplexed
container protocol, which is provisioned to transmit streams
of signal samples in a point to point channel, such as between
the REC and corresponding antenna-carriers being operated
using the RE of'the system, and user equipment operating on
such antenna-carriers.

[0054] FIG. 7 illustrates an overview of the basic protocol
hierarchy in accordance with the CPRI specification. The user
plane includes the data that are to be transferred from the
radio base station or DAS to the user devices and vice versa.
The user data are in the form of in-phase and quadrature (1,Q)
digital baseband samples. The control and management
(C&M) plane carries control information for the operation,
administration and maintenance of the REC 22 and RE 24.
The control and management data are exchanged between
control and management entities with the REC 22 and radio
equipment RE 24, and are given to higher protocol layers.
Two different Layer 2 protocols support the control and man-
agement plane, High Level Data Link Control (HDLC) and
Ethernet. The C&M data are multiplexed with the 1,Q data of
the user plane for transfer between the REC 22 and the RE 24.
The C&M plane and the user plane may also transfer vendor
specific information in assigned time slots in the framing
structure. Vendor specific information includes, for example,
operational parameters, configuration information or other
data pertaining to a particular vendor’s product.

[0055] The synchronization data flow transfers synchroni-
zation and timing information between REC 22 and RE 24.
Synchronization data is used for alignment of frames and
hyperframes, associated frame numbering, and support of
8B/10B coding. In FIG. 7, the inband signaling conveys infor-
mation that is related to the link and is directly transported by
the physical layer. This information is used for system startup,
Layer 1 link maintenance and the transfer of time-critical
information that has a direct time relationship to Layer 1 user
data.

[0056] Several 1,Q data flows will be multiplexed together
along with the C&M data and transferred via the serial data
link 26. Each 1,Q data flow includes a stream of signal
samples that reflects the data of one antenna for one carrier,
referred to as an antenna-carrier (AXC). In general, without
regard to specific protocol, one antenna-carrier refers to the
digital signal samples representing the user data for either
reception or transmission of one frequency division duplex
(FDD) carrier at one independent antenna element at the air
interface 32 of the RE 24. The signal samples representing the
user data for a given antenna-carrier may be real-valued or
complex-valued (I,Q) and the center frequency may be sub-
stantially zero (baseband) or an intermediate frequency (IF).
In the CPRI specification and the OBSALI specification, the
signal samples representing the user data comprise complex
baseband (1,Q) signal samples for the corresponding carrier
of the corresponding antenna. The CPRI specification
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describes a data structure called an AXC container that con-
tains a predetermined number of the 1,QQ signal samples for
one antenna-carrier. The AxC containers corresponding to the
same antenna-carrier are assigned to certain bit fields in a
radio data frame. The radio data frame may include multiple
sets of AxC containers containing the user data corresponding
to multiple antenna-carriers. The sets of AXC containers cor-
responding to different antenna-carriers are multiplexed to
different bit fields in the radio data frame, as further described
below.

[0057] Thus, in addition to the user plane (I,Q data), the
CPRI specification defines an arrangement of C&M informa-
tion as well as synchronization signals for exchange between
REC 22 and RE 24. All information streams are multiplexed
onto a digital serial communication line using the Layer 1 and
Layer 2 protocols. The different information flows have
access to the Layer 2 via service access points (SAPs). The
1,Q data of different antenna carriers are multiplexed by time
division multiplexing the AXC containers. The C&M data are
either sent as inband signaling data (for time critical signaling
data) or by Layer 3 protocols (not defined by the CPRI Speci-
fication) that reside on top of the Layer 2 protocols. The Layer
2 protocols HDLC or Ethernet are applied to the C&M data
prior to time division multiplexing with the 1,Q data. Finally,
additional time slots are available for the transfer of any
vendor specific information.

[0058] User data and control information are organized in a
frame structure for transfer via serial data link 26. For imple-
mentations compatible with CPRI specification, the duration
of a basic frame is based on the duration of one UMTS chip,
which is defined as 1/3.84 MHz=260.416667 nanoseconds
(ns). A CPRI basic frame consists of 16 words with index
W=0, 1...15. The word with the index W=0, %is of the basic
frame, is used for one control word. Since the duration of the
basic frame is a fixed time interval, the length of the word
depends on the line bit rate of the serial data link 26. The
Common Public Radio Interface Specification Version 4.1
(Feb. 18, 2009) defines six alternative line bit rates for the
serial data link, each with differing word lengths: 614.4 Mbps
(word length=38 bits); 1228.8 Mbps (word length=16 bits);
2457.6 Mbps (word length=32 bits), 3072.0 Mbps (word
length=40 bits), 4915.0 Mbps (word length=64 bits), 4915.2
Mbps (word length=64 bits), and 6144.0 Mbps (word
length=80 bits).

[0059] FIG. 8 illustrates the basic frame structure for the
614.4 Mbps line bit rate. For this line bit rate, the basic frame
36 includes 16 words, wherein each word has a length of one
byte, or 8 bits per word. Thus for the 614.4 Mbps line bit rate,
the basic frame carries 128 bits, including 8 bits for control
information and 120 bits for signal samples in the user data
block. The time diagram 42 indicates the byte order for line
encoding for the serial data link with 614.4 Mbps line rate of
the serial data link. FIG. 9 illustrates the basic frame structure
for the 1228.8 Mbps line bit rate. For this line bit rate, the
basic frame 38 carries 16 words, wherein each word has a
length of 2 bytes, or 16 bits per word. Thus for the 1228.8
Mbps line bitrate one basic frame includes 256 bits, including
16 bits for control information and 240 bits for signal samples
in the user data block. The time diagram 44 indicates the byte
order for line encoding for the 1228.8 Mbps line bitrate of the
serial data link. The higher line rates add proportionately
more bytes per word. The first word (word index=0) of the
basic frame is reserved for control information, regardless of
the size of the word.
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[0060] The CPRI specification defines a framing hierarchy
where a sequence of basic frames form a hyperframe and a
sequence of hyperframe form a CPRI 10 msec. frame, also
called a Node B frame. FIG. 10 illustrates the CPRI framing
hierarchy for the 1228.8 Mbps line rate. The basic frame 38
corresponds to that illustrated in FIG. 9. However, the same
hierarchy is applied for all of the CPRI line bit rates because
the duration of the basic frame is constant, although the
number of bits per basic frame varies with the line rates. A
sequence of 256 basic frames having indices #0 to #255,
where basic frame 38 has index #X, form a hyperframe 46. A
sequence of 150 hyperframes having indices #0 to #149,
where hyperframe 46 has index #Z, has a duration of 10 msec.
and forms a UMTS radio frame 48, also referred to as CPRI
10 msec. frame or Node B frame. Each UMTS radio frame 48
is assigned a Node B frame number (BFN).

[0061] FIG. 11 shows an example of mapping 1,Q data for
transfer according to the CPRI protocol. The CPRI protocol
provides a radio data frame, or basic frame, having a plurality
of AxC containers. A set of AXC containers in the basic frame
is assigned to a corresponding antenna-carrier. In the example
of FIG. 11, the 1,Q signal samples 50 from the same antenna-
carrier are mapped to the set of AXC containers AC0-1 and
AC0-2 corresponding to a first antenna-carrier, AXC#0. The
1,Q signal samples 56 are mapped to the set of AXC containers
AC 1-1 and AC 1-2 corresponding to a second antenna-car-
rier, AXC#1. The multiplexer 58 interleaves the AXC contain-
ers from the two antenna-carriers to form a sequence of mul-
tiplexed containers referred to as an AxC container group 60.
The basic frame formatter 62 forms a basic frame having a
number of AxC container groups in the 1,Q data block and
inserts the control data. The number of AxC container groups
depends on the line bit rate. The control data occupies the first
word of the basic frame (index=0). The AxC container groups
occupy the 1,QQ data block of the basic frame, as illustrated in
FIGS. 8 and 9. The 8b/10b encoder 64 applies an 8b10b code
to each byte of data in the basic frame. The 8b/10b code is
defined by the standard IEEE 802.3-2005. The 8b/10b
encoder 64 is part of the serializer/deserializer (SERDES)
interface for the serial data link 26.

[0062] The block diagram of FIG. 12 gives an overview of
the functions of the RE 24 and REC 22. The RE 24 receives
and transmits multiple frequency channels of signal samples
for each independent antenna, or multiple antenna-carriers. In
this example, there are four channels of signal samples cor-
responding to four antenna-carriers associated with the
antenna 155 and the signal samples transferred over the serial
data link 26 are baseband 1,Q signal samples. For the transmit
path, or downlink from the REC 22, the multiplexer 120
multiplexes the signal samples from multiple user data
streams into a single serial data stream for transfer over the
serial data link 26. At the RE 24, the demultiplexer 140
demultiplexes the serial data stream to recover the four
streams of baseband 1,Q signal samples. The digital upcon-
verter (DUC) 161 upconverts each stream of baseband 1,Q
signal samples to respective carrier frequencies to form a
channelized signal. Each upconverted digital signal occupies
a particular frequency channel of the resulting channelized
signal. The DAC 160 converts the channelized signal to an
analog signal. The transmitter (Tx) 180 may filter, amplify
and convert the analog signal to the appropriate RF frequency
for transmission by the antenna 155. The downlink RF signal
is transmitted via the antenna 155 over the air to the UE
devices.
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[0063] For the receive path, or uplink from the UE devices,
the receiver (Rx) 182 receives the RF signal via the antenna
155 at the RE 24. The ADC 170 digitizes the received signal
to produce a digital signal that represents the channelized
signal data. The digital downconverter (DDC) 171 downcon-
verts the channels to form corresponding streams of baseband
1,Q signal samples, one stream for each channel. The multi-
plexer 121 multiplexes the streams of baseband signal
samples to form a serial data stream. The serial data stream is
transferred via the serial data link 26 to the REC 22. The
demultiplexer 141 demultiplexes the serial data to restore the
four streams of 1,Q signal samples. The baseband processor
110 performs signal processing functions on the streams of
1,Q signal samples. The signal processing functions may
include channel decoding, de-interleaving, de-spreading,
multiple-input multiple-output (MIMO) processing, and
demodulation functions.

[0064] The multiplexers 120 and 121 combine the multiple
streams of the baseband 1,Q signal samples. For embodiments
based on the CPRI specification, the multiplexers 120 and
121 apply the CPRI framing protocol to map the 1,Q signal
samples to appropriate AXC containers as described above.
The demultiplexers 140 and 141 recover the individual
streams of 1,QQ signal samples from the received serial data.
For the serial data in the CPRI format, the demultiplexers 140
and 141 retrieve the 1,Q signal samples from the AXC con-
tainers to reconstruct consecutive 1,QQ signal samples for indi-
vidual signal streams. Inthe REC 22, a central processing unit
(CPU) 122, microcontroller or dedicated controller logic pro-
vides control of the multiplexer 120, the demultiplexer 141
and the baseband processor 110. The CPU 122 provides con-
figuration parameters for the framing/deframing and the con-
trol and management data that will be multiplexed with the
user data. In the RE 14, a CPU 124 receives the control and
management data and provides configuration parameters for
framing/deframing.

[0065] The functions described with respect to FIG. 12 are
general for a radio transceiver system that transfers baseband
1,Q signal samples between REC 22 and RE 24. Different
terminology may be used, such as baseband module for REC
22 and RF module for RE 24. The multiplexers 120 and 121
and demultiplexers 140 and 141 may use another radio data
interface protocol for the baseband I,Q signal samples, such
as that described in the OBSAI specification, or in an earlier
or future version of the CPRI specification. Alternative archi-
tectures for a radio transceiver system may transfer real-
valued or complex-valued (1,Q) signal samples centered at a
nonzero intermediate frequency (IF).

[0066] A typical LAN delivers data among multiple com-
puters, user terminals or other devices in a building or struc-
ture. Data are communicated among the devices in addressed
packets, or frames, that are individually transmitted from the
source device and delivered to the destination device. The
data packet, or frame, has a number of data bits including bit
fields defined for specific purposes according to a protocol for
the LAN. A data packet may include bit fields for address
information and a payload portion for the desired informa-
tion. The address information includes for addressed packet
protocols like Ethernet a destination address associated with
a destination device and a source address associated with a
source device. The destination device retrieves any packets
from the transmission medium of the LAN having its desti-
nation address and processes the packet’s contents. The pay-
load portion of the data packet may itself encapsulate a packet
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for another protocol, such as for a higher layer in the ISO-OSI
network architecture. In this case, the destination device
would extract and process the payload portion according to
the corresponding protocol. In this description, “Ethernet”
refers to a protocol for packet-based communication in a
LAN. The data packets organized in accordance with an
Ethernet protocol are referred to as Ethernet packets or Eth-
ernet frames and their contents are referred to as Ethernet
data.

[0067] The packet-based communication approach com-
monly used in LANs differs from the radio data interface
protocols. For the packet-based communication, the payload
portion of the packet contains data for a destination device
associated with the destination address of the packet. In con-
trast for the radio data interface, the user data portion of the
radio data frame carries data destined for multiple user equip-
ments. In the CPRI protocol, for example, each of the AxC
containers in the user data portion of a single frame carries
signal samples destined for a particular user equipment.
[0068] The IEEE 802.3 Standard comprises a group of
specifications for LAN technology that has evolved over
time. The IEEE 802.3-2002 Standard specifies frames, or
packets, having sizes between 64 bytes and 1518 bytes, pay-
load sizes between 46 bytes and 1500 bytes, a destination
address field, a source address field and additional defined bit
fields. While the IEEE 802.3 Standard has not officially
adopted the term “Ethernet”, it is widely considered an Eth-
ernet protocol. In this description, the preferred LAN uses a
protocol in compliance with an IEEE 802.3 Standard. Alter-
natively, the LAN may use another packet-based communi-
cation technology.

[0069] A LAN maycommunicate with the broader Internet
via a wide area network (WAN) or a metropolitan area net-
work (MAN). A WAN may cover distances of several kilo-
meters to thousands of kilometers, while a MAN may cover
several kilometers. The WAN or MAN includes resources for
delivering data packets from elsewhere in the Internet to the
appropriate LAN.

[0070] Other network devices described herein include a
switch and a gateway. A switch functions to direct a data
packet to aLAN segment in the LAN based on the destination
address of the data packet. For example, a switch may have a
single input port and multiple output ports, each output port in
communication with a corresponding LAN segment serving
various destination devices. The switch analyses the destina-
tion addresses of the data packets to direct the packets to the
appropriate output port for the corresponding LAN segment.
The destination device on the corresponding LAN segment
may then retrieve the appropriate packets. A gateway func-
tions as a translator to permit intercommunication between
different network protocols. For example, a gateway may
provide protocol conversion of input data having a first pro-
tocol to provide output data having a second protocol that is
compatible with a destination device or network.

[0071] FIG. 13 illustrates an example of a DAS that distrib-
utes data within a building or structure from both radio net-
work, LAN and Internet sources, in accordance with a pre-
ferred embodiment. In this example, the DAS includes three
REs 208 and three LAN segments, in communication with
respective REs 208. The REC 22 communicates with the
radio access network (RAN) via Iub interface 30, as described
above. Alternatively, the REC 22 communicates via head-end
antenna to the RAN. For the down link, the REC 22 provides
framing of the 1,Q signal samples, C&M data and SYNC data
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as described above, preferably in accordance with the CPRI
specification. The REC 22 transfers the CPRI frames via a
CPRI interface to the gateway 204. For distributing data from
the Internet, an Ethernet switch 200 receives Internet data
packets from a MAN, WAN or other network service. The
data packet includes the destination address associated with a
device in the LAN. Preferably, the LAN operates in accor-
dance with an Ethernet protocol, such as the IEEE 802.3
Standard, so that the data packets comprise Ethernet frames.
The Ethernet switch 200 directs the Ethernet frames to the
LAN serving the building. The Ethernet switch 200 directs
the Ethernet frames to respective switch ports 201 based on
the destination addresses of corresponding LAN segments.
The Ethernet switch 200 performs conventional operations
for directing the Ethernet frames, however at least one of the
switch ports 201 is coupled by via the switch interface 202 to
the gateway 204. In a conventional LAN, each switch port
201 would be connected directly to the corresponding LAN
segment. The Ethernet switch 200 transfers the directed Eth-
ernet frames to corresponding ports 203 of the gateway 204
via the switch interface 202. The switch interface 202 pref-
erably comprises a GbE interface, such as 1000Base-T. For
this example, the Ethernet switch 200 directs each Ethernet
frame to the appropriate one of three switch ports 201 based
on the destination address of the Ethernet frame. Each switch
port 201 is connected via the switch interface 202, i.e. GbE
interface, to a corresponding gateway port 203 of the gateway
204. The gateway 204 receives the Ethernet frames over three
gateway ports 203. The gateway 204 reframes the data of the
received Ethernet frames in accordance with a radio data
interface protocol for transmission to the RE 208 that is
associated with the destination LAN segment. The RE 208
includes a LAN interface 322 that reconstructs the Ethernet
frames for transmission to the corresponding LAN segment,
as further described below. The LAN segment may be wired
LAN segment or wireless LAN segment served, for example,
by a Wi-Fi access point.

[0072] The gateway 204 receives both the Ethernet frame
traffic (e.g. addressed packets) from the Ethernet switch 200
and the CPRI frames from the REC 22. The gateway 204
disassembles the CPRI frames received from the REC 22 and
assembles mixed-data frames that accommodate both the [,Q
data and the Ethernet data. In a preferred embodiment, the
gateway 204 applies the CPRI framing protocol to map the
1,Q data and the Ethernet data into AXC containers, as further
described below. The gateway 204 distributes the mixed-data
frames to the corresponding REs 208 via respective data
transfer interfaces 206. The data transfer interface 206 pref-
erably comprises a GbE interface, such as 1000Base-T. In
addition to the conventional functions of the RE 24 described
above, the RE 208 includes additional functions for separat-
ing the I,Q data from the Ethernet data and a LAN interface
322 for communication with the LAN segment. Each RE 208
demultiplexes the AxC containers of the received mixed-data
frames and recovers the 1,Q signal samples and the Ethernet
data from respective AxC containers. The RE 208 processes
the 1,Q signal samples for transfer to UE devices over the air
interface, as described above with respect to FIG. 12. The RE
208 reassembles the Ethernet frames for transfer to the cor-
responding LAN segment, as described below.

[0073] For the uplink, in addition to processing the 1,Q
signal samples of signals received from the air interface, the
RE 208 has additional functions for receiving Ethernet frames
from the LAN segment. The RE 208 multiplexes the 1,Q
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signal samples and the Ethernet data for transfer to the gate-
way 204. For an embodiment in accordance with the CPRI
specification, the RE 208 maps the 1,Q data and the Ethernet
data to respective AXC containers to form mixed-data frames
structured like CPRI frames. The mixed-data frames are
transmitted via the data transfer interface 206 to the gateway
204. The gateway 204 demultiplexes the received mixed-data
frames and separates the 1,Q data from the Ethernet data. The
gateway 204 reframes the AXC containers containing I,Q data
and the C&M data to form conventional CPRI frames. The
gateway 204 transfers the CPRI frames via the serial data link
26 to the REC 22. The REC 22 performs the usual processing
of the 1,Q data as described above. The gateway 204
assembles the Ethernet frames for transfer to the Ethernet
switch 200 and ultimately for transfer to the Internet.

[0074] FIG. 14 is an embodiment of downlink functions of
the gateway 204 in communication with three REs 208, cor-
responding to the example of FIG. 13. In a CPRI-based
embodiment for the downlink, the gateway 204 receives con-
ventional CPRI frames from REC 22 via the serial data link
26 inaccordance with the CPRI specification. The CPRI basic
frames received by the deframer (DFR) 212 are formatted as
described with respect to FIG. 11. The deserializer (DES) 210
provides the line decoding for serial data interface 26, includ-
ing 8b/10b decoding to extract the data that were 8b/10b
encoded. The deframer 212 extracts the 1,Q data from the
AxC containers and the C&M data from the control words of
the frames. The deframer 212 demultiplexes the AxC con-
tainers to provide streams of consecutive baseband 1,Q signal
samples of corresponding antenna-carriers to the mixed-data
framer 216 appropriate for the destination RE 208. The des-
tination RE 208 may support one or more antenna-carriers.
The Ethernet frame preprocessor 218 receives the directed
Ethernet frames from the respective gateway ports 203 and
provides any buffering or padding that may be needed for rate
conversion and provides the Ethernet data to the mixed-data
framer 216 for the corresponding RE 208. Each mixed-data
framer 216 maps the 1,Q signal samples and the Ethernet data
to the plurality of AXC containers to form a mixed-data frame
for the corresponding RE 208. The mixed-data framer 216
provides a set of AXC containers provisioned for the 1,Q
signal samples of a corresponding antenna-carrier and a set of
AxC containers for Ethernet data. The mixed-data framer 216
may include one or more signal data buffers to receive the ,Q
signal samples of the corresponding antenna-carriers. The
mixed-data framer 216 maps the baseband I,Q signal samples
to the subsets of AXC containers assigned to the correspond-
ing antenna-carriers supported by the destination RE 208.
The mixed-data framer 216 may include one or more Ethernet
data buffers to receive the Ethernet data corresponding to the
one or more LAN segments connected to the RE 208. The
mixed-data framer 216 maps the Ethernet data to the set of
AxC containers assigned to the Ethernet data for the corre-
sponding AN segment. The gateway 204 includes a control
processor or CPU 214 that provides control parameters indi-
cating the container assignments to the respective mixed-data
framers 216. The CPU 214 receives the C&M data extracted
from the CPRIbasic frames and provides extended C&M data
to the respective mixed-data framers 216. The extended C&M
data may include container assignment information for the
Ethernet data as well as the I,Q data. The system operator may
provide the container provisioning information to the CPU
indicating, for example, the containers in the CPRI basic
frame allocated to the Ethernet data and to 1,Q data, respec-
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tively. The CPU may encode the provisioning information
and other extended C&M information in the “vendor spe-
cific” portion of the C&M data, as defined in the CPRI Speci-
fication, or to an unused, free or unallocated portion of the
user plane.

[0075] FIG. 15 illustrates an example of mapping 1,Q data
and Ethernet data by the mixed-data framer 216. In this
example, the mixed-data framer maps the 1,Q signal samples
50 to the set of AXC containers AC0-1 and AC0-2 assigned to
the antenna-carrier AxC#0. The mixed-data framer 208 maps
the Ethernet data 76 received from the Ethernet frame pre-
processor 218 to the set of AxC containers AC1-1 and AC1-2
assigned to Ethernet data. The multiplexer 78 interleaves the
AxCH#0 containers containing I,Q data and AxC#1 containers
containing Ethernet data in alternating slots to form a
sequence of multiplexed containers, or a mixed-data AxC
container group 80. The basic frame formatter 82 forms the
mixed-data frame having a number of mixed-data AxC con-
tainer groups 80 based on the line rate. The basic frame
formatter inserts the control information in the control word,
as described for the CPRI basic frames. The C&M data may
include any extended C&M data in the vendor-specific area.
The mixed-data frame includes both 1,Q data and Ethernet
data mapped to AxC containers and C&M data mapped to the
control word according to the CPRI protocol for a basic
frame. The basic frame formatter 82 applies the CPRI frame
hierarchy to the mixed-data frames, as described with respect
to FIG. 10.

[0076] In a preferred embodiment, the mixed-data frames
are processed for transfer via category 5 (Cat-5) unshielded
twisted pair (UTP) media, in accordance with the 100Base-T
or 1000Base-T physical layer described in the IEEE Stan-
dards such as 802.3ab. The Cat-5 UTP cable transmits data
over four unshielded twisted pairs of copper wire. The
1000Base-T physical layer processing applies an encoding
scheme, referred to as four-dimensional trellis-coded 5-level
pulse-amplitude modulation (4D-PAMS), for transmitting
data over the Cat-5 UTP media. In the 4D-PAMS encoding
scheme, each block of eight bits of input data is mapped to 4
symbols using 4-dimensional trellis coding. Each symbol is
selected from one of 5 amplitude values [-2, -1, 0, 1, 2],
referred to as 5-level pulse amplitude modulation (PAMS).
The four symbols are transmitted simultaneously on the four
twisted pairs of the Cat-5 UTP media. The 4D-PAMS encod-
ing includes scrambling that facilitates output DC balance
and full duplex transmission on all four twisted pairs, with
each pair providing a 250 Mbps full duplex transmission data
rate. In the preferred embodiment, the 4D-PAMS encoder 84
is applied to the mixed-data frames having the CPRI frame
structure instead of conventional Ethernet frames. The
4D-PAMS encoder 84 converts an 8-bit block of the of the
sequence mixed-data frames received from the basic frame
formatter 82 to a set of four PAMS signals. Each set of four
PAMS signals is transmitted over the four data lines of the
Cat-5 UTP media to deliver mixed-data frames at a rate of 1
Gbps over the data transfer interface 206 to the RE 208.

[0077] Referring to FIG. 11, the CPRI Specification indi-
cates applying the 8b/10b encoder 64 to the basic frames for
transmission over optical fiber media, such as GbE Standard
1000Base-SX/LX, or shielded twisted pair (STP) copper
media 1000Base-CX. In the preferred embodiment using
UTP copper media, the 4D-PAMS encoder 84 is applied to the
basic frames instead of 8b/10b encoding. The 1000Base-T
physical layer supports transmission of up to 100 meters,
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which is advantageous for in-building applications. Trans-
mission over distances greater than 100 meters can be accom-
plished by multiple 1000Base-T links connected by conven-
tional Ethernet repeaters.

[0078] FIG. 16 is an embodiment of uplink communication
functions of the gateway 204 connected with three REs 208,
corresponding to the example of FIG. 13. Mixed-data frames
from the REs 208 are received via respective data transfer
interfaces 206. Each mixed-data deframer (MDFR) 220
retrieves the extended C&M (EC&M) data from the control
words of the mixed-data frames. The CPU 214 determines the
container assignment parameters from the EC&M data and
provides them to the MDFR 220. The MDFR 220 separates
the sets of containers I,Q data and Ethernet data based on the
container assignments. The MDFR 220 demultiplexes the
AxC containers to produce a stream of Ethernet data from the
set of containers corresponding to the LAN segment and
streams of 1,Q signal samples from the set of containers
corresponding to the antenna-carriers. The MDFR 220 pro-
vides the Ethernet data to an input buffer of the Ethernet frame
reconstructor 225. The Ethernet frame reconstructor 226
restores the conventional Ethernet frame structure to the Eth-
ernet data to form reconstructed data packets. The Ethernet
frame reconstructor 226 may remove any padding bits and
perform any rate conversion that may be necessary for trans-
fer of the reconstructed data packets via the switch interface
202. The reconstructed data packets The MDFR 220 provides
the L,Q signal samples of the corresponding antenna-carriers
to an input buffer of the framer 222. The framer 222 maps the
L,Q signal samples of corresponding antenna-carriers to cor-
responding sets of AxC containers using the conventional
radio data interface protocol. The CPU 214 and provides the
conventional CPRI AxC container assignments and C&M
data pertinent for the [,Q data framing. The framer 222 for-
mats the I,Q data and the C&M data received from the CPU
214 to produce conventional CPRI basic frames, as described
with respect to FIG. 11. The serializer (SER) 224 performs
8b/10b encoding (i.e. block 64 of FIG. 11) and other opera-
tions for transferring the CPRI frames via the serial data link
26 to the REC 22.

[0079] FIG. 17 is a block diagram of an embodiment of the
RE 208 of FIG. 13. For the downlink, the RE 208 receives
mixed-data frames via the data transfer interface 206 from the
gateway 204. The mixed-data deframer (MDFR) 320
retrieves the extended C&M (EC&M) data from the control
words of the mixed-data frames. The CPU 314 determines the
container assignment parameters from the EC&M data and
provides them to the MDFR 320. The MDFR 320 separates
the sets of containers containing 1,Q data and Ethernet data
based on the container assignments. The MDFR 320 demul-
tiplexes the containers to produce a stream of Ethernet data
for the corresponding L AN segment and streams of 1,QQ signal
samples of the corresponding antenna-carriers. The I,Q signal
samples corresponding to the various antenna-carriers are
processed for transmission by the DUC 161, DAC 160 and Tx
180, as described above with respect to FIG. 12. The Ethernet
frame reconstructor 326 restores the conventional Ethernet
frame structure to the Ethernet data. The Ethernet frame
reconstructor 326 may remove any padding bits and provide
any rate conversion necessary for transfer to the correspond-
ing LAN segment.

[0080] Forthe receive path, or uplink, from the UE devices,
the Rx 182, ADC 170 and DDC 171 form baseband 1,Q signal
samples, as described with respect to FIG. 12. The Ethernet
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frame preprocessor 318 receives the Ethernet frames from the
corresponding LAN segment and provides a buffer and any
padding that may be needed for rate conversion. The mixed-
data framer (MFR) 316 may include buffers to receive the ,Q
signal samples and the Ethernet data. The CPU 314 provides
the AXC container assignments to the MFR 316. The MFR
316 maps the 1,Q signal samples and the Ethernet data to
respective AXC containers based on AXC container assign-
ments. The MFR 316 multiplexes the AxC containers having
the 1,Q data, the AXC containers having the Ethernet data and
inserts the EC&M data in the control words, as described with
respect to FIG. 15. The CPU 314 provides EC&M data to the
mixed-data framer 316. The CPU 314 provides control of
other components of the RE 204, as described with respect to
FIG. 12. The LAN interface 322 may include other conven-
tional components for communication with the correspond-
ing LAN segment.

[0081] FIG. 18 illustrates an overview of communication
between REC 22, gateway 204 and RE 208. The REC 22
communicates with the gateway 204 across the serial data
link 26 using a conventional protocol for Layer 1 and Layer 2.
The translator block 250 of the gateway 204 includes the
transition operations from the conventional protocol for
Layer1 and Layer 2 to/from the mixed-data protocol, referred
to herein as “Layer 1M” and “Layer 2M”. For the downlink
functions of the translator block 250, the conventional down-
link deframer (DFR DL) 212 extracts 1,Q data from conven-
tional CPRI frames and the downlink mixed-data framer
(MFR DL) 216 combines the 1,Q data and Ethernet data to
form mixed-data frames. For the uplink functions of the trans-
lator block 250, the uplink mixed-data deframer (MDFR UL)
220 separates the [,Q data and the Ethernet data in the mixed-
data frames and the uplink conventional framer (FR UL) 222
restores the conventional protocols of Layer 1 and Layer 2 for
communications with the REC 22 and the Ethernet switch
200. The communication between the gateway 204 and the
RE 208 uses the mixed-data protocols of Layer 1M and Layer
2M for both the uplink and the downlink directions. Atthe RE
208 for the downlink, the mixed-data deframer (MDFR) 320
extracts the 1,Q data from the mixed-data frames for the air
interface and extracts the Ethernet data from the mixed-data
frames for the LAN segment. At the RE 208 for the uplink, the
mixed-data framer (MFR) 316 combines the I,Q data received
from the air interface and the Ethernet data received from the
LAN segment to form mixed-data frames for transfer to the
gateway 204.

[0082] For a DAS topology where there are cascaded REs
(i.e. FIGS. 4, 5 and 6) or when multiple LAN segments
connected to one RE, switching logic at an intermediate RE
may route the Ethernet packets to the appropriate LAN seg-
ment or to the next connected RE. FIG. 19 illustrates an
example of communication between REC 22, gateway 204
and two REs 209 and 211 connected in a chain topology. Each
ofthe REs 209 and 211 has an air interface and an associated
LAN segment. The communication functions of REC 22 and
gateway 204 (including translator block 250) perform as
described with respect to FIG. 18. The communication func-
tions of the RE 211 are as described for the RE 208in FIG. 18,
except that RE 211 is connected to the intermediate RE 209
instead of the gateway 204. The intermediate RE 209 receives
and transmits mixed-data frames having 1,Q data and Ether-
net data with the gateway 204 via the data transfer interface
206 and with the second RE 208 via a second data transfer
interface 306 using the Layer 1M and Layer 2M protocols
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described above. The intermediate RE 209 includes switch-
ing logic 330 to direct the Ethernet data to the appropriate
destinations. For the downlink at the intermediate RE 209, the
downlink mixed-data framer (MDFR DL) 332 extracts the
1,Q data and the Ethernet data from the mixed-data frames
received from the gateway 204. The switching logic 330 uses
the destination address information to direct the Ethernet data
received from the MDFR DL 332 to the LAN segment
LAN#1 or to the downlink mixed-data framer 334. For Eth-
ernet data received from the LAN#1 segment, the switching
logic 330 directs these Ethernet data to the downlink mixed-
data framer (MFR DL) 334 or to the uplink mixed-data framer
(MFR UL) 338 based on the Ethernet address information.
For the downlink to RE 208, the MFR DL 334 combines the
1,Q data received from the MDFR DL 332 and the Ethernet
data received via the switching logic 330 to form mixed-data
frames. The mixed-data frames are transmitted via the data
transfer interface 306 to the second RE 208. At the RE 208,
the MDFR 320 separates the 1,Q data and Ethernet data and
provides the Ethernet data to the LAN#2 segment and the 1,Q
data to the air interface #2. For the uplink at the intermediate
RE 209, the MDFR UL 336 separates the 1,Q data and the
Ethernet data received from the RE 208. The switching logic
330 directs the Ethernet data received from the MDFR UL
336 to the LAN#1 segment or to the MFR UL 338 based the
Ethernet address information. The MFR UL 338 combines
the 1,Q data received from the MDFR UL 336 and the Ether-
net data received via the switching logic 330 to form mixed-
data frames for transfer to the gateway 204. At the gateway
204, the translator block 250 provides the Ethernet data to the
Ethernet switch 200 and the I,Q data to the REC 22.

[0083] FIG. 20 illustrates an example of a DAS topology
having cascaded REs and multiple LAN segments. The RE
208 communicates with the gateway 204, as described with
respect to FIG. 18. The REs 209 and 211 communicate as
described with respect to FIG. 19. The RE 310 includes
switching logic 340 to direct the Ethernet data among the
multiple LAN segments. The switching logic 340 directs the
Ethernet data retrieved from mixed-data frames to the appro-
priate LAN segment based on the Ethernet address informa-
tion. The REs 209 and 310 each include an Ethernet frame
reconstructor 326 and Ethernet frame preprocessor 318, as
described with respect to FIG. 17. For the downlink, the
switching logic 330 and 340 may receive reconstructed Eth-
ernet frames destined for the corresponding LAN segments
from respective Ethernet frame reconstructors 326. For the
uplink, the switching logic 330 and 340 may provide Ethernet
frames received from the corresponding LAN segments to
respective Ethernet frame preprocessors 318.

[0084] Compression of the 1,Q signal samples can increase
the capacity of the data transfer interfaces 206 and 306 to
carry more data from the antenna-carrier sources as well as
from the LAN sources and Internet sources. The increased
data transfer capacity can allow the 1000Base-T links, for
example, to carry data in compressed form at a rate that is
effectively greater than 1 Gbps. The commonly owned US
patent application, application Ser. No. 12/124,832, entitled
“Compression of Baseband Signals in Base Transceiver Sys-
tems,” filed May 21, 2008, describes algorithms for compres-
sion and decompression of baseband 1,Q signal samples in
base transceiver systems. The compression methods
described herein adapt those algorithms for compressing 1,Q
signal samples for mixed-data frames.
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[0085] FIG. 21 is a block diagram of a RE that applies
compression and decompression to the baseband 1,Q signal
samples, in accordance with a preferred embodiment. For the
downlink or transmit path, the RE 408 receives mixed-data
frames having compressed 1,Q data in AXC containers for
corresponding antenna-carriers and Ethernet data for the
LAN segment in corresponding AxC containers. The mixed-
data deframer 320 separates the compressed 1,Q data of cor-
responding antenna-carriers and the Ethernet data based on
the AXC container assignments as described with respect to
FIG. 17. Each decompressor 420i decompresses the com-
pressed samples of the corresponding antenna-carrier to
reconstruct the baseband 1,Q signal samples. The digital
upconverter (DUC) 161, DAC 160 and Tx 180 apply the
conventional sequence of operations to the decompressed [,Q
signal samples for transmission via the antenna 155, as
described with respect to FIG. 12. For the uplink or receive
path, the receiver 182 receives the RF signal and the ADC 170
digitizes the received signal to produce a digital signal that
represents channelized signal data. The digital downcon-
verter (DDC) 171 downconverts each channel to form base-
band 1,Q signal samples of the corresponding antenna-carrier.
The compressor 430; compresses the baseband 1,Q signal
samples to produce compressed ,Q signal samples. The com-
pressor 430/ may form compressed data packets containing a
number of compressed 1,Q signal samples and an optional
compression header. The compression header may contain
compression parameters or other information useful for
decompressing the compressed 1,Q signal samples in one or
more compressed data packets. The mixed-data framer 316
maps the compressed data packets to AXC containers provi-
sioned for 1,Q data. The mixed-data framer 316 multiplexes
the AxC containers having compressed 1,Q data and the AxC
containers having the Ethernet data and inserts the EC&M
data in the control words to form mixed-data frames.

[0086] FIG. 22 illustrates an example of mapping com-
pressed 1,Q data and Ethernet data by the mixed-data framer
316. The compressed data packet 450 includes the com-
pressed 1,Q signal samples and an optional compression
header. The mixed-data framer 316 maps the compressed data
packets 450 to the set of AXC containers AC0-1 and AC0-2
and the Ethernet data 76 to the set of AxC containers AC 1-1
and AC 1-2. The multiplexer 78 interleaves the AxC contain-
ers to form the AxC container group 454. The basic frame
formatter 82 forms the mixed-data frame. The 4D-PAMS
encoder 84 encodes the mixed-data frames for transmission
as described with respect to FIG. 15.

[0087] In alternative architectures, the gateway or the REC
may provide compression of [,Q signal samples for transfer to
the RE 408 and decompression of compressed 1,Q signal
samples received from the RE 408. FIG. 23 illustrates an
example of a gateway 404 that includes compression in the
downlink functions. In this example, the REC 22 has per-
formed the conventional operations to provide the baseband
1,Q signal samples to the gateway 404 in the format described
with respect to FIG. 11. The deframer 212 extracts the 1,Q
data from the AXC containers of corresponding antenna-car-
riers destined for the different REs 408, as described with
respect to FIG. 14. The deframer 212 provides the 1,Q signal
samples destined for the RE 408 to the compressor 410i. The
compressor 410i compresses of 1,Q signal samples of corre-
sponding antenna-carriers for the RE 408 to form compressed
1,Q data packets. The mixed-data framer 216 maps the com-
pressed 1,Q data and Ethernet data to respective AxC contain-
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ers and formats the basic frames as described with respect to
FIG. 22. The mixed-data frames are transmitted to the RE 408
via the data transfer interface 206. At the RE 408, the mixed-
data deframer 320 separates the compressed 1,Q data and the
Ethernet data. The decompressors 420i reconstruct the base-
band 1,Q signal samples of the corresponding antenna-carri-
ers, as described with respect to FIG. 21.

[0088] FIG. 24 illustrates an example of the gateway 404
that includes decompression in the uplink communication
functions. The gateway 404 receives mixed-data frames hav-
ing compressed I,QQ data and Ethernet data in respective AxC
containers provided by the REs 408. Each mixed-data
deframer (MDFR) 220 separates the compressed 1,Q data and
the Ethernet data as described with respect to FIG. 16. The
MDEFR 220 provides the compressed 1,Q data packets of one
or more corresponding antenna-carriers to each decompres-
sor 440i. The decompressor 440; decompresses the com-
pressed 1,Q signal samples of the corresponding antenna-
carriers to produce corresponding streams of decompressed
1,Q signal samples to the framer 222. The framer 222 formats
the decompressed 1,Q signal samples of corresponding
antenna-carriers along with the C&M data to produce con-
ventional CPRI basic frames, as described with respect to
FIG. 11. The serializer (SER) 224 performs 8b/10b encoding
for transferring the CPRI frames via the serial data link 26 to
the REC 22.

[0089] FIG. 25 is an example of a REC 422 that includes
compression and decompression of baseband 1,Q signal
samples. For this architecture, the gateway 204 operates as
described with respect to FIGS. 14 and 16, except that the
AxC containers carry compressed I,Q data instead of uncom-
pressed 1,Q data. In the example of FIG. 25, there are four
channels of baseband 1,Q signal samples representing four
antenna-carriers. For the downlink or transmit path, each
compressor 460; in the REC 422 compresses a stream of
baseband 1,Q signal samples provided by the baseband pro-
cessor 110 to form compressed 1,Q signal samples. The com-
pressor 460; may format the compressed 1,Q signal samples
into compressed data packets having a compression header,
as described above. The multiplexer 120 multiplexes the com-
pressed data packets from the compressors 460; into a serial
data stream for transfer over the serial data link 26 to the
gateway 204. In a preferred embodiment, the multiplexer 120
maps the compressed data packets in accordance with the
CPRI specification.

[0090] FIG. 26 illustrates the mapping and multiplexing of
the compressed data packets. Compressed data packets 450
corresponding to antenna-carrier AXC#0 are mapped to the
set of AXC containers AC0-1 and AC0-2. Compressed data
packets 453 corresponding to antenna-carrier AXC#1 are
mapped to the set of AxC containers AC1-1 and AC1-2. The
multiplexer 58 interleaves the AXC containers to form the
AxC container group 457. The basic frame formatter 62 pro-
duces conventional CPRI basic frames having compressed
1,Q signal samples in the AXC containers instead of uncom-
pressed 1,Q signal samples. The 8b/10b encoder 64 encodes
the basic frames for transfer over the serial data link 26 to the
gateway 204. The gateway 204 performs the operations
described with respect to FIG. 14 to reframe the compressed
1,Q signal samples in mixed-data frames for transfer to
respective REs 408.

[0091] Returning to FIG. 25, for the uplink or receive path,
gateway 204 receives compressed 1,Q data in the AxC con-
tainers of mixed-data frames from the REs 208. The gateway
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204 reframes the compressed 1,Q signal samples of the
mixed-data frames into conventional frames for transfer to
the REC 422. At the REC 422, the demultiplexer 141 demul-
tiplexes the AxC containers to provide streams of compressed
1,Q data packets of corresponding antenna-carriers to respec-
tive decompressors 470i. Each decompressor 470i recon-
structs the corresponding 1,Q signal samples prior to the
normal operations by the baseband processor 110.

[0092] The compressors 4107, 430i and 460; may organize
the compressed samples into compressed data packets com-
patible with the CPRI, OBSAIT or another protocol. The com-
pressed data packets represent compressed I and Q samples.
The order of the compressed samples may be sequential inter-
laced compressed I and Q samples, i.e. (I, Q, I, Q,... I, Q,).
Alternatively, the order of the compressed I and Q samples
may have blocks of compressed I samples followed by blocks
of compressed Q samples,ie. (I, I,... [, Q, Q,... Q). The
compressors 4107, 430i and 460; operate on blocks of con-
secutive 1,Q signal samples of a corresponding AxC having a
length of BLOCK_SIZE to form a compressed data packet.

[0093] A useful BLOCK_SIZE is 192, although other
block sizes can be used. The block size of 192 samples pro-
vides for simple double-buffered input blocks for field pro-
grammable gate arrays (FPGA). A smaller block size, such as
410 8 samples, can be implemented to meet the more stringent
latency requirements of the CPRI or OBSAI specification. To
meet a latency specification, the block size in samples should
span a time period that is less than or equal to half the allow-
able latency period. This assumes that half of the latency is
consumed for compression and the other half for decompres-
sion. For example, the CPRI specification indicates an allow-
able latency period of 5 usec. For the UTRA-FDD signal
format having one sample per chip at a chip rate of 3.84 MHz,
the allowable latency of 5 usec. spans about 19 sample inter-
vals. A block size of 4 samples will have a latency period of 8
sample intervals which is well within the allowable latency
period for CPRI.

[0094] The compressors 4107, 430; and 460; may include a
compression header in one or more of the compressed data
packets. The compression header portion has a defined
length, for instance 16 bits. Alternatively, the compression
header information can placed in overhead fields of the CPRI,
OBSALI or other protocol. In an alternative for CPRI, com-
pression header information can be encoded in stuffing bits of
the basic frame. In an alternative for OBSAI, compression
header information can be encoded using unused codes of an
OBSAlImessage’s TYPE field. The decompressors 4207, 440i
and 470i use the compression header information to deter-
mine control parameters for decompression and to establish
compressed data packet synchronization. The decompressors
420i, 440; and 470i reconstruct the sequence of 1,Q signal
samples in the I and Q sample order, byte order and data
format specified by the CPRI, OBSAI or other protocol. Con-
trol words or messages used by CPRI, OBSAI or other pro-
tocol are not compressed.

[0095] When the baseband signals are oversampled, com-
pression reduces the redundancy and improves data transfer
efficiency. Oversampling is indicated when the number of
samples per symbol or chip is greater than one. The oversam-
pling ratio is the ratio of the sample rate to the symbol rate or
chip rate. When the oversampling ratio is greater than one, the
signal is oversampled. For example, the CPRI standard speci-
fies sampling the received analog signal with an oversam-
pling ratio 2 or 4 samples per chip for the UTRA/FDD uplink.
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[0096] In many cases, lossy compression can be applied to
the signal samples while maintaining system quality metrics.
For lossless compression, the decompressed signal samples
are identical to the original signal samples. For lossy com-
pression, the decompressed signal samples are approxima-
tions of the original signal samples. System quality metrics
typically include composite error vector magnitude (cEVM),
peak code domain error (PCDE), spectral emissions mask
(SEM), adjacent channel leakage ratio (ALCR), bit error rate
(BER) and block error rate (BLER). The oversampling and/or
sample widths of the signal samples may be greater than
necessary to meet system requirements for signal quality.
Lossy compression can provide a greater reduction in data
transfer capacity while the important metrics of signal quality
are preserved.

[0097] Alternatives for compression applicable to base-
band I1,Q signal samples include block floating point encoding
and computing first or higher order derivatives of the signal
samples followed by block floating point encoding. Huffman
orother types of encoding can be alternatives to block floating
point encoding. For signal samples that are sampled at one
sample per chip or symbol, the preferred method is block
floating point encoding of the signal samples. The block
floating point encoding is applied to the I samples and, inde-
pendently, to the Q samples, to form the compressed samples.
[0098] The preferred block floating point encoding has the
following steps for BLOCK_SIZE samples, each BLOCK _
SIZE divided into groups of N_group samples, where S is the
original number of bits per sample:

[0099] For the first group of samples:

[0100] 1) Determine the exponent (base 2) for the sample
with the maximum magnitude, such as by calculating the
log, of the maximum magnitude. This indicates the
number of bits per encoded sample in the group, or
n_exp(0).

[0101] 2) Absolute encode the exponent n_exp(0) of the
first group using S bits.

[0102] 3) Encode the N_group samples using n_exp(0)
bits per sample.

[0103] 4) For the i group of N_group samples

[0104] 5) Determine the i” exponent (base 2) for the
sample with the maximum magnitude, which indicates
the number of bits per encoded sample in the i” group, or
n_exp(i);

[0105] 6) Differentially encode the i” exponent by sub-
tracting n_exp(i) fromn_exp (i-1) to determine the first
token in the i” group of encoded samples.

[0106] 7)Encode thei” group of N_group samples using
n_exp(i) bits per sample.

[0107] For the first group of samples in the BLOCK_SIZE
samples, the exponent n_exp(0) is absolute encoded. For
example, the exponent n_exp(0) can be encoded as follows,
where S is the original number of bits per sample:

a)0: n__exp(0) =0 (all 4 sample values are zero)
b) 1: n__exp(0) = 2 (2 bits per sample)
c)2: n__exp(0) = 3 (3 bits per sample)

d) etc. until S - 1: n_exp(0) = S (S bits per sample)

[0108] For the i group, the exponent n_exp(i) is differen-
tially encoded using a prefix code, where no codeword is the
prefix of another codeword. The preferred differential encod-
ing is as follows:
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[0109] 1) Calculate difference: e_diff=n_exp(i)-n_exp(i-
1y
[0110] 2) Encode e_diff as follows:
a)0: e_diff=e(i)-e(i-1)
b) 101: e_diff=+1
c) 110: e_diff=-1
d) 1001: e_diff = +2
e) 1110: e_diff=-2
f) ete.
[0111] Another compression alternative for baseband sig-

nal samples is calculating differences followed by encoding.
Calculating first or higher order differences of the signal
samples can result in difference samples having smaller mag-
nitudes than the original signal samples. Encoding the differ-
ence samples can result in greater compression than encoding
the samples themselves. Calculating the differences of con-
secutive samples in each BLOCK_SIZE number of samples
is followed by block floating point encoding of the difference
samples, as described above. Alternatively, Huffman encod-
ing or other encoding can be applied to the difference
samples.

[0112] Compression can also include reducing the ampli-
tudes of signal samples. This is a form of lossy compression.
Attenuating the signal samples by an attenuation factor
reduces the effective sample width. The attenuated signal
samples can be encoded by block floating point or other
encoding. Alternatively, the first or higher order differences
of the attenuated signal samples can be calculated prior to
encoding. For decompression, the amplitudes of the decom-
pressed samples can be increased by the inverse of the attenu-
ation to restore the original sample width.

[0113] The optimum compression for the I1,Q signal
samples that meets system quality requirements for the DAS
can be determined in advance by the system operator. The
compression control parameters for the various types of sig-
nals can be determined by testing alternatives on simulated or
actual 1,Q signal samples. Compression control parameters
may be based on the modulation type, sample rate (or over-
sampling ratio), bandwidth and sample width. Compression
control parameters may select lossless or lossy compression.
For instance, selecting an attenuation parameter for reducing
the amplitudes of the signal samples will result in lossy com-
pression.

[0114] FIG. 27 shows a block diagram of an embodiment of
the compressors 4107, 430 or 460i for the RE 408, gateway
404 or REC 422, respectively. The input signal samples are
provided by the DDC 171, the DFR 212 or the baseband
processor 110 to the compressor 410i/430i/460i. For lossy
compression, the attenuator 480 reduces the amplitudes of the
signal samples by an attenuation factor that may be provided
by the compression controller 486. The difference operator
482 calculates first differences or higher order differences of
the attenuated signal samples. Alternatively, for lossless com-
pression, the difference operator 482 may be applied directly
to the input signal samples, bypassing the attenuator 480. The
encoder 484 may perform block floating point encoding or
other encoding as described above. The encoder 484 packs
the compressed samples along with compression header
information to form compressed data packets provided to the
mixed-data framers (MFR) 316/216 or mux 120. The com-
pression controller 486 provides control parameters for the
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attenuator 480, difference operator 482 and encoder 484. The
control parameters for the difference operator 482 can select
first, second or higher order differences, or bypass the differ-
ence operations. The control parameter for the encoder 484
can indicate parameters for the block floating point encoder,
such as the initial number of bits per sample S, the group size
and BLOCK_SIZE. The compression controller 486 may
calculate compression control parameters based on informa-
tion provided by the system operator or the compression
control parameters may be input to the compression control-
ler 486. The compression controller operations may be imple-
mented in the CPUs 314, 214 or 122 of the RE 408, gateway
404 or REC 422, respectively.

[0115] FIG. 28 shows a block diagram of an embodiment of
the decompressors 4107,430i or 470i for the RE 408, gateway
404 or REC 422, respectively. The decoder 492 inverts the
operations of the encoder 482 to form decoded samples. For
example, the decoder 492 performs block floating point
decoding, Huffman decoding or other decoding. The integra-
tion operator 494 adds the decoded difference samples to
invert the first or higher order differencing performed for
compression. If differencing was not performed for compres-
sion, the integration operator 494 would be bypassed. The
amplifier 498 increases the amplitudes of the decompressed
samples by the inverse of the attenuation factor to restore the
original sample width. If the attenuation was not performed
for compression, the amplifier 498 would be bypassed. The
decompression controller 496 provides control parameters to
the decoder 492, integration operator 494 and amplifier 498.
The decompression controller 496 can extract control infor-
mation from the header of the compressed data packet to
determine the control parameters.

[0116] The gateway 204 may be implemented using a
modular architecture, including modules for the mixed-data
framer 216, mixed-data deframer 220, CPU 214, serializer
224, deserializer 210, framer 222, deframer 212, Ethernet
frame preprocessor 218 and Ethernet frame reconstructor
226. The gateway 404 includes modules for compressors 4107
and decompressors 440i in addition to the modules of gate-
way 204. These modules may be implemented using one or
more programmable processors, application specific inte-
grated circuits (ASIC), a system-on-chip (SoC) architecture
or a combination of these with supporting memory logically
and/or physically configured for framing and buffering the
data being processed. Programmable processors include soft-
ware/firmware programmable processors such as computers,
digital signal processors (DSP), microprocessors (including
microcontrollers) and other programmable devices, and hard-
ware programmable devices such as complex programmable
logic devices (CPLD), field programmable gate arrays
(FPGA) or programmable array logic. Depending on the type
of programmable processor, the program implementing the
module’s operations are represented by software, firmware,
netlist, bitstream or other type of processor executable
instructions and data. The modules for the conventional radio
data interface functions, such as the serializer 224, deserial-
izer 210, framer 222 and deframer 212 are commercially
available as intellectual property (IP) cores for FPGA, ASIC
and SoC architectures.

[0117] The REs 208, 209, 211 and 310 may also be imple-
mented using a modular architecture, including modules for
the mixed-data framer 316, mixed-data deframer 320, CPU
314, Ethernet frame preprocessor 218 and Ethernet frame
reconstructor 226, as described for the gateway 204. The RE
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408 includes modules for compressors 430; and decompres-
sors 420i in addition to the modules of REs 208, 209, 211 and
310, as described for the gateway 404. These modules may be
interfaced with the modules implementing the conventional
digital processing functions of the DUC 161 or DDC 171, as
described with respect to FIGS. 17 and 21. Modules for the
conventional DUC 161 and DDC 171 are commercially avail-
able as intellectual property (IP) cores for FPGA, ASIC and
SoC architectures. Implementations of compression or
decompression can be performed in real time, that is, at least
as fast as the sample rate of the ADC or DAC.

[0118] While the preferred embodiments of the invention
have been illustrated and described, it will be clear that the
invention is not limited to these embodiments only. Numer-
ous modifications, changes, variations, substitutions and
equivalents will be apparent to those skilled in the art, without
departing from the spirit and scope of the invention, as
described in the claims.

We claim:
1. In a distributed antenna system (DAS) that includes at
least one radio equipment (RE), a method of data distribution
in the DAS and a local area network (LAN) in proximity with
the DAS, wherein the data include signal samples from a
radio equipment controller (REC) and data packets from a
switch, wherein the data packets are destined for one or more
LAN segments of the LAN, wherein each data packet con-
tains a plurality of data bits organized in accordance with a
LAN protocol used by the LAN, the data packet including an
address information associated with a destination device of a
corresponding LAN segment, wherein each signal sample
corresponds to an antenna-carrier, each RE including a digital
upconverter (DUC) and a digital to analog converter (DAC) to
process the signal samples of one or more antenna-carriers for
transmission via an antenna, the method comprising:
receiving one or more streams of the data packets at a
gateway from the switch, wherein the stream of the data
packets destined for the corresponding LAN segment
are received over a given gateway port, wherein the
corresponding LAN segment is coupled to communicate
with a corresponding RE;
receiving the signal samples from the REC at the gateway,
wherein the signal samples are organized in one or more
radio data frames having a frame structure in accordance
with a radio data interface protocol, the frame structure
including a user data portion and a control information
portion, the user data portion including a plurality of
containers, wherein the containers are assigned to cor-
responding antenna-carriers of the corresponding RE,
wherein a given container includes one or more of the
signal samples of the corresponding antenna-carrier;

mapping the data packets and the signal samples for the
corresponding RE to one or more mixed-data frames, the
mixed-data frames having the frame structure in accor-
dance with the radio data interface protocol, wherein a
first set of containers in a user data portion of the mixed-
data frame contains the data bits of the data packets for
the corresponding LAN segment and a second set of
containers in the user data portion of the mixed-data
frame contains the signal samples of the corresponding
antenna-carrier;

transmitting the mixed-data frame over a data transfer

interface to the corresponding RE;

receiving the mixed-data frame at the corresponding RE;
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retrieving the data bits and the signal samples from the
mixed-data frame, wherein the data bits for the corre-
sponding [LAN segment are retrieved from the first set of
containers in the mixed-data frame and the signal
samples of the corresponding antenna-carrier are
retrieved from the second set of containers in the mixed-
data frame;
formatting the data bits into one or more reconstructed data
packets in accordance with the LAN protocol for trans-
mission to the corresponding LAN segment; and

providing the signal samples of the corresponding antenna-
carrier to the DUC at the corresponding RE.

2. The method of claim 1, wherein said mapping the data
packets and the signal samples further comprises:

mapping the data bits of the data packets to the first set of

containers assigned to the corresponding LAN segment;
mapping the signal samples to the second set of containers
assigned to the corresponding antenna-carrier; and
multiplexing the containers of the first set and the second
set to form a sequence of multiplexed containers for
the user data portion of the mixed-data frame.

3. The method of claim 1, wherein said receiving one or
more streams of the data packets further comprises:

extracting the data bits from the data packet for the corre-

sponding LAN segment, wherein said receiving the sig-
nal samples further comprises:

extracting the signal samples from the set of containers of

the radio data frame for the corresponding antenna-car-
rier.

4. The method of claim 1, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, wherein the first set of containers in the mixed-data frame
comprises a first plurality of subsets, further comprising:

assigning each subset of the first plurality of subsets to a

corresponding one of the plurality of LAN segments,
wherein said mapping the data packets and the signal
samples further comprises mapping the data bits of the
data packets destined for the corresponding LAN seg-
ment to a corresponding subset in the first plurality of
subsets.

5. The method of claim 1, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, further comprising:

assigning the first set of containers to the corresponding

RE, wherein said mapping the data packets and the sig-
nal samples further comprises mapping the data bits of
the data packets destined for the plurality of LAN seg-
ments to the first set.

6. The method of claim 1, wherein the signal samples of a
plurality of antenna-carriers are destined for the correspond-
ing RE, wherein the second set of containers in the mixed-
data frame comprises a second plurality of subsets, further
comprising:

assigning each subset of the second plurality of subsets to

a corresponding one of the plurality of antenna-carriers,
wherein said mapping the data packets and the signal
samples further comprises mapping the signal samples
of'the corresponding antenna-carrier to a corresponding
subset in the second plurality of subsets.

7. The method of claim 2, wherein said retrieving the data
bits and the signal samples from the mixed-data frame further
comprises:

14
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demultiplexing the sequence of multiplexed containers of
the mixed-data frame to separate the first set of contain-
ers and the second set of containers;

retrieving the data bits from the first set of containers for

said formatting the data bits; and

retrieving the signal samples from the second set of con-

tainers for said providing the signal samples to the DUC.

8. The method of claim 5, wherein said retrieving the data
bits and the signal samples from the mixed-data frame further
comprises:

retrieving the data bits from the first set of containers of the

mixed-data frame to a RE data buffer, wherein the RE
data buffer stores the data bits for the plurality LAN
segments; wherein said formatting the data bits further
comprises:

mapping the data bits from the RE data buffer to the recon-

structed data packet, wherein the reconstructed data
packet includes the address information in accordance
with the LAN protocol; and

directing the reconstructed data packet to a corresponding

one of the plurality LAN segments based on the address
information.

9. The method of claim 1, further comprising:

at the gateway, compressing the signal samples to form

compressed signal samples, wherein said mapping the
data packet and the signal samples further comprises
mapping the compressed signal samples of the corre-
sponding antenna-carrier to the second set of containers,
wherein at the RE, said retrieving the data bits and the
signal samples from the mixed-data frame retrieves the
compressed signal samples from the second set of con-
tainers; and

atthe RE, decompressing the compressed signal samples to

form decompressed signal samples, wherein said pro-
viding the signal samples provides the decompressed
signal samples to the DUC.

10. The method of claim 1, wherein the signal samples
transmitted from the REC are compressed signal samples,
wherein at the gateway, said receiving the signal samples
receives the compressed signal samples in the radio data
frame, wherein said mapping the data packets and the signal
samples comprises mapping the compressed signal samples
of the corresponding antenna-carrier to the second set of
containers, wherein at the RE, said retrieving the data bits and
the signal samples retrieves the compressed signal samples
from the second set of containers, the method further com-
prising at the RE:

decompressing the compressed samples to form decom-

pressed signal samples, wherein said providing the sig-
nal samples provides the decompressed signal samples
to the DUC.

11. The method of claim 1, wherein the DAS includes a first
RE coupled to the gateway by the data transfer interface and
a second RE coupled to the first RE by a second data transfer
interface, wherein at the gateway said mapping produces the
mixed-data frame further including a third set of containers
and a fourth set of containers, wherein the third set of con-
tainers contains of the data bits destined for a second LAN
segment in communication with the second RE and the fourth
set of containers contains the signal samples destined for the
second RE, wherein at the first RE said retrieving the data bits
and the signal samples retrieves the data bits from the first set
and the third set of containers in the mixed-data frame and the
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signal samples from the second set and the fourth set of
containers in the mixed-data frame, the method further com-
prising:

at the first RE, mapping the data bits retrieved from the

third set and the signal samples retrieved from the fourth
set to respective sets of containers in a second mixed-
data frame; and

transmitting the second mixed-data frame over the second

data transfer interface to the second RE;

receiving the second mixed-data frame at the second RE;

retrieving the data bits and the signal samples from the

respective sets of containers in the second mixed-data
frame;

formatting the data bits retrieved from the second mixed-

data frame into corresponding reconstructed data pack-
ets in accordance with the LAN protocol for transmis-
sion to the second LAN segment; and

providing the signal samples retrieved from the second

mixed-data frame to a second DUC of the second RE.
12. The method of claim 11, further comprising:
at the gateway, compressing the signal samples destined
for the first RE and the signal samples destined for the
second RE to form compressed signal samples, wherein
said mapping maps the compressed signal samples to the
second set and the fourth set of containers, wherein at the
first RE said retrieving the data bits and the signal
samples retrieves the compressed signal samples from
the second set and the fourth set, said mapping at the first
RE maps the compressed signal samples retrieved from
the fourth set to the respective set of containers in the
second mixed-data frame, wherein at the second RE,
said retrieving the data bits and the signal samples from
the second mixed-data frame retrieves the compressed
signal samples from the respective set of containers; and

at the second RE, decompressing the compressed signal
samples retrieved from the second mixed-data frame to
form decompressed signal samples, wherein said pro-
viding the signal samples retrieved from the second
mixed-data frame provides the decompressed signal
samples to the second DUC.

13. The method of claim 11, wherein the signal samples
transmitted from the REC in the radio data frame are com-
pressed signal samples destined for the first RE and com-
pressed signal samples destined for the second RE, wherein at
the gateway, said receiving the signal samples receives the
compressed signal samples, wherein said mapping the data
packets and the signal samples maps the compressed signal
samples to the second set and the fourth set of containers,
wherein at the first RE said retrieving the data bits and the
signal samples retrieves the compressed signal samples from
the second set and the fourth set, said mapping at the first RE
maps the compressed signal samples retrieved from the fourth
set to the respective set of containers in the second mixed-data
frame, wherein at the second RE, said retrieving the data bits
and the signal samples from the second mixed-data frame
retrieves the compressed signal samples from the respective
set of containers, the method further comprising at the second
RE:

decompressing the compressed signal samples retrieved

from the second mixed-data frame to form decom-
pressed signal samples, wherein said providing the sig-
nal samples retrieved from the second mixed-data frame
provides the decompressed signal samples to the second
DUC.

Mar. &, 2012

14. The method of claim 1, wherein a control information
portion of the mixed-data frame includes an assignment infor-
mation to provide the first set of containers for the data bits
and the second set of containers for the signal samples of the
corresponding antenna-carrier.

15. The method of claim 1, wherein the radio data interface
protocol is in accordance with a Common Public Radio Inter-
face (CPRI).

16. The method of claim 1, wherein said transmitting
includes applying a 4-dimensional, 5-level pulse amplitude
modulation (4D-PAMS) to the mixed-data frame.

17. In a distributed antenna system (DAS) that includes at
least one radio equipment (RE), a method of data distribution
in the DAS and a local area network (LAN) in proximity with
the DAS, wherein the data include signal samples and data
packets, wherein the data packets are transmitted from one or
more LAN segments of the LAN, wherein each data packet
contains a plurality of data bits organized in accordance with
a LAN protocol used by the LAN, the data packet including
an address information associated with a source device of a
corresponding LAN segment, wherein the RE is coupled to
receive an analog signal from an antenna, the RE including an
analog to digital converter (ADC) applied to the analog signal
and a digital downconverter (DDC) to produce the signal
samples of one or more antenna-carriers, the method com-
prising:

receiving the data packets from the corresponding LAN

segment at a corresponding RE, wherein the correspond-
ing LAN segment is coupled to communicate with the
corresponding RE;

mapping the data packets and the signal samples output

from the DDC at the corresponding RE to one or more
mixed-data frames, the mixed-data frames having a
frame structure in accordance with a radio data interface
protocol, the frame structure including a user data por-
tion and a control information portion, the user data
portion including a plurality of containers, wherein a
first set of containers in the mixed-data frame contain the
data bits of the data packets from the corresponding
LAN segment and a second set of containers in the
mixed-data frame contain the signal samples of a corre-
sponding antenna-carrier;

transmitting the mixed-data frame over a data transfer

interface to a gateway;

receiving the mixed-data frame at the gateway;

retrieving the data bits and the signal samples from the

mixed-data frame, wherein the data bits from the corre-
sponding LAN segment are retrieved from the first set of
containers in the mixed-data frame and the signal
samples of the corresponding antenna-carrier are
retrieved from the second set of containers in the mixed-
data frame;

formatting the data bits into one or more reconstructed data

packets in accordance with the [LAN protocol for trans-
mission to a switch; and

mapping the signal samples into one or more radio data

frames in accordance with the radio data interface pro-
tocol for transfer to a radio equipment controller (REC)
via a serial data link.

18. The method of claim 17, wherein said mapping the data
packets and the signal samples further comprises at the RE:

mapping the data bits of the data packets to the first set of

containers assigned to the corresponding LAN segment;
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mapping the signal samples to the second set of containers
assigned to the corresponding antenna-carrier; and

multiplexing the containers of the first set and the second
set to form a sequence of multiplexed containers for the
user data portion of the mixed-data frame.

19. The method of claim 17, wherein said receiving the
data packets further comprises:

extracting the data bits from the data packets from the

corresponding LAN segment.

20. The method of claim 17, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, wherein the first set of containers in the mixed-data frame
comprises a first plurality of subsets, further comprising:

assigning each subset of the first plurality of subsets to a

corresponding one of the plurality of LAN segments,
wherein said mapping the data packets and the signal
samples further comprises mapping the data bits of the
data packets from the corresponding AN segment to a
corresponding subset in the first plurality of subsets.

21. The method of claim 17, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, further comprising:

assigning the first set to the corresponding RE, wherein

said mapping the data packets and the signal samples
further comprises mapping the data bits ofthe data pack-
ets from the plurality of LAN segments to the first set.

22. The method of claim 17, wherein a plurality of antenna-
carriers is processed by the corresponding RE, wherein the
second set of containers in the mixed-data frame comprises a
second plurality of subsets, further comprising:

assigning each subset of the second plurality of subsets to

a corresponding one of the plurality of antenna-carriers,
wherein said mapping the data packets and the signal
samples further comprises mapping the signal samples
of'the corresponding antenna-carrier to a corresponding
subset in the second plurality of subsets.

23. The method of claim 18, wherein said retrieving the
data bits and the signal samples from the mixed-data frame
further comprises at the gateway:

demultiplexing the sequence of multiplexed containers to

separate the first set of containers and the second set of
containers;

retrieving the data bits from the first set of containers for

said formatting the data bits into one or more recon-
structed data packets; and

retrieving the signal samples from the second set of con-

tainers for said mapping the signal samples into one or
more radio data frames.
24. The method of claim 21, wherein said retrieving the
data bits and the signal samples from the mixed-data frame
further comprises at the gateway:
retrieving the data bits from the first set of containers of the
mixed-data frame to a data buffer, wherein the data
buffer stores the data bits from the plurality LAN seg-
ments; wherein said formatting the data bits into one or
more reconstructed data packets further comprises:

mapping the data bits from the data buffer to the recon-
structed data packet, wherein the reconstructed data
packet includes the address information in accordance
with the LAN protocol; and

directing the reconstructed data packet to a corresponding

port of the gateway based on the address information.
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25. The method of claim 17, further comprising:

at the RE, compressing the signal samples output from the
DDC to form compressed signal samples, wherein said
mapping the data packets and the signal samples maps
the compressed signal samples of the corresponding
antenna-carrier to the second set of containers, wherein
at the gateway, said retrieving the data bits and the signal
samples from the mixed-data frame retrieves the com-
pressed signal samples from the second set of contain-
ers; and further comprising at the gateway:

decompressing the compressed signal samples to form
decompressed signal samples, wherein said mapping the
signal samples into one or more radio data frames maps
the decompressed signal samples to the radio data frame.

26. The method of claim 17, further comprising:

at the RE, compressing the signal samples output from the

DDC to form compressed signal samples, wherein said
mapping the data packets and the signal samples maps
the compressed signal samples of the corresponding
antenna-carrier to the second set of containers, wherein
at the gateway, said retrieving the data bits and the signal
samples from the mixed-data frame retrieves the com-
pressed signal samples from the second set of contain-
ers, wherein said mapping the signal samples into one or
more radio data frames maps the compressed signal
samples to the radio data frame.

27. The method of claim 17, wherein the DAS includes a
first RE coupled to the gateway by the data transfer interface
and a second RE coupled to the first RE by a second data
transfer interface, the first RE and the second RE each per-
forming said step of receiving the data packets from a corre-
sponding LAN segment to form a first data set and a second
data set, respectively, wherein a first signal samples set is
produced by a first DDC at the first RE and a second signal
samples set is produced by a second DDC at the second RE,
the second RE applying said mapping to the second data set
and the second signal samples set to form a first mixed-data
frame having said first set of containers for the second data set
and said second set of containers for the second signal
samples set, the method further comprising:

at the second RE, transmitting the first mixed-data frame

over the second data transfer interface to the first RE;
receiving the first mixed-data frame at the first RE;
retrieving the second data set and the second signal
samples set from the first mixed-data frame;

selecting the data bits destined for the gateway to a third

data set; and

mapping the first data set, the third data set, the first signal

samples set and the second signal samples set to respec-
tive sets of containers in a second mixed-data frame,
wherein said transmitting the mixed-data frame trans-
mits the second mixed-data frame from the first RE to
the gateway via the data transfer interface.

28. The method of claim 27, further comprising:

at the second RE, compressing the second signal samples

set output from the second DDC to form a second com-
pressed signal samples set, wherein said mapping the
data packets and the signal samples maps the second
compressed signal samples set to the second set of con-
tainers in the first mixed-data frame, wherein at the first
RE, said retrieving the second data set and the second
signal samples set from the first mixed-data frame
retrieves the second compressed signal samples set from
the second set of containers; and
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at the first RE, compressing the first signal samples set
output from the first DDC to form a first compressed
signal samples set, wherein said mapping the first data
set, the third data set, the first signal samples set and the
second signal samples set maps the first compressed
signal samples set and the second compressed signal
samples set to the respective sets of containers, wherein
atthe gateway, said retrieving the data bits and the signal
samples retrieves the first compressed signal samples set
and the second compressed signal samples set from the
respective sets of containers.

29. The method of claim 28, further comprising at the

gateway:

decompressing the first compressed signal samples set and
the second compressed signal samples set to form
respective sets of decompressed signal samples, wherein
said mapping the signal samples into one or more radio
data frames maps the respective sets of decompressed
signal samples to the radio data frame.

30. The method of claim 28, wherein at the gateway said
mapping the signal samples maps the first compressed signal
samples set and the second compressed signal samples set to
the radio data frame.

31. The method of claim 17, wherein the control informa-
tion portion of the mixed-data frame includes an assignment
information to provide the first set of containers for the data
bits and the second set of containers for the signal samples of
the corresponding antenna-carrier.

32. The method of claim 17, wherein the radio data inter-
face protocol is in accordance with a Common Public Radio
Interface (CPRI).

33. The method of claim 17, wherein said transmitting
includes applying a 4-dimensional, 5-level pulse amplitude
modulation (4D-PAMS) to the mixed-data frame.

34. In a distributed antenna system (DAS) that includes at
least one radio equipment (RE), an apparatus for data distri-
bution in the DAS and a local area network (LAN) in prox-
imity with the DAS, wherein the data include signal samples
from a radio equipment controller (REC) and data packets
from a switch, wherein the data packets are destined for one
or more LAN segments ofthe LAN, wherein each data packet
contains a plurality of data bits organized in accordance with
a LAN protocol used by the LAN, the data packet including
an address information associated with a destination device of
a corresponding LAN segment, wherein each signal sample
corresponds to an antenna-carrier, each RE including a digital
upconverter (DUC) and a digital to analog converter (DAC) to
process the signal samples of one or more antenna-carriers for
transmission via an antenna, the apparatus comprising:

a gateway, including one or more gateway ports coupled to
receive one or more streams of the data packets from the
switch, wherein the stream of the data packets destined
for the corresponding [LAN segment are received over a
given gateway port, wherein the corresponding LAN
segment is coupled to communicate with a correspond-
ing RE, the gateway coupled to receive the signal
samples from the REC via a serial data link, wherein the
signal samples are organized into one or more radio data
frames having a frame structure in accordance with a
radio data interface protocol, the frame structure includ-
ing a user data portion and a control information portion,
the user data portion including a plurality of containers,
wherein the plurality of containers are assigned to cor-
responding antenna-carriers of the corresponding RE,

17
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wherein a given container includes one or more of the
signal samples of the corresponding antenna-carrier, the
gateway coupled to communicate via a data transfer
interface for each RE, the gateway comprising:

one or more mixed-data framers, wherein each mixed-data
framer maps the data packets and the signal samples for
the corresponding RE into one or more mixed-data
frames, the mixed-data frames having the frame struc-
ture in accordance with the radio data interface protocol,
wherein a first set of containers in a user data portion of
the mixed-data frame contains the data bits of the data
packets for the corresponding LAN segment and a sec-
ond set of containers in the user data portion of the
mixed-data frame contains the signal samples of the
corresponding antenna-carrier; and

the data transfer interface coupled to the mixed-data framer
for transmitting the mixed-data frame to the correspond-
ing RE; the apparatus further comprising at the RE:

a mixed-data deframer coupled to receive the mixed-data
frame at the corresponding RE from the data transfer
interface, the mixed-data deframer retrieving the data
bits and the signal samples from the mixed-data frame,
wherein the data bits for the corresponding LAN seg-
ment are retrieved from the first set of containers in the
mixed-data frame and the signal samples of the corre-
sponding antenna-carrier are retrieved from the second
set of containers in the mixed-data frame, the mixed-
data deframer providing the signal samples to the DUC;
and

formatting logic receiving the data bits from the mixed-
data deframer and forming one or more reconstructed
data packets in accordance with the LAN protocol for
transmission to the corresponding LAN segment.

35. The apparatus of claim 34, wherein the mixed-data

framer further comprises:

data mapping logic to map the data bits of the data packets
to the first set of containers assigned to the correspond-
ing LAN segment;

signal data mapping logic to map the signal samples to the
second set of containers assigned to the corresponding
antenna-carrier; and

a multiplexer to interleave the containers of the first set and
containers of the second set to form a sequence of mul-
tiplexed containers for the user data portion of the
mixed-data frame.

36. The apparatus of claim 34, wherein the gateway further

comprises:

a preprocessor that receives the data packet from the gate-
way port, the preprocessor extracting the data bits from
the data packet and providing the data bits to the mixed-
data framer for the corresponding RE; and

a deframer that receives the radio data frame from the serial
data link, the deframer extracting the signal samples
from the set of containers for the corresponding antenna-
carrier and providing the signal samples to the mixed-
data framer for the corresponding RE.

37. The apparatus of claim 34, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, wherein the first set of containers in the mixed-data frame
comprises a first plurality of subsets, the mixed-data framer
further comprising:

logic to assign each subset of the first plurality of subsets to
a corresponding one of the plurality of LAN segments;
and
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data mapping logic to map the data bits of the data packets
destined for the corresponding LAN segment to a cor-
responding subset in the first plurality of subsets.

38. The apparatus of claim 34, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, the mixed-data framer further comprising:

logic to assign the first set of containers to the correspond-
ing RE; and

data mapping logic to map the data of the data packets
destined forthe plurality of LAN segments to the first set
of containers.

39. The apparatus of claim 34, wherein the signal samples
of a plurality of antenna-carriers are destined for the corre-
sponding RE, wherein the second set of containers in the
mixed-data frame comprises a second plurality of subsets, the
mixed-data framer further comprising:

logic to assign each subset of the second plurality of sub-
sets to a corresponding one of the plurality of antenna-
carriers; and

signal data mapping logic to map the signal samples of the
corresponding antenna-carrier to a corresponding subset
in the second plurality of subsets.

40. The apparatus of claim 35, wherein said mixed-data

deframer further comprises:

a demultiplexer receiving the mixed-data frame and de-
interleaving the sequence of multiplexed containers to
separate the first set of containers and the second set of
containers, wherein the demultiplexer provides the data
bits from the first set of containers to the formatting logic
and the signal samples from the second set of containers
to the DUC.

41. The apparatus of claim 38, wherein said formatting

logic further comprises:

aRE data buffer receiving the data bits from the mixed-data
deframer, wherein the RE data buffer stores the data bits
for the plurality LAN segments coupled to communicate
with the corresponding RE;

framing logic to map the data bits from the RE data buffer
to the reconstructed data packet, wherein the recon-
structed data packet includes the address information in
accordance with the LAN protocol; and

switching logic to direct the reconstructed data packet to a
corresponding one of the LAN segments based on the
address information.

42. The apparatus of claim 34, wherein the gateway further
comprises a compressor applied to the signal samples to form
compressed signal samples, wherein said mixed-data framer
maps the compressed signal samples of the corresponding
antenna-carrier to the second set of containers, wherein at the
RE, the mixed-data deframer retrieves the compressed signal
samples from the second set of containers, the apparatus
further comprising at the RE:

a decompressor applied to the compressed signal samples
received from the mixed-data deframer to form decom-
pressed signal samples, the decompressor providing the
decompressed signal samples to the DUC.

43. The apparatus of claim 34, wherein the signal samples
transmitted from the REC are compressed signal samples in
the radio data frame, wherein at the gateway the mixed-data
framer maps the compressed signal samples of the corre-
sponding antenna-carrier to the second set of containers,
wherein at the RE, the mixed-data deframer retrieves the
compressed signal samples from the second set of containers,
the apparatus further comprising at the RE:
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a decompressor applied to the compressed samples
received from the mixed-data deframer to form decom-
pressed signal samples, the decompressor providing the
decompressed signal samples to the DUC.

44. The apparatus of claim 34, wherein the DAS includes a
first RE coupled to the gateway by the data transfer interface
and a second RE coupled to the first RE by a second data
transfer interface, wherein at the gateway the mixed-data
framer produces the mixed-data frame further including a
third set of containers and a fourth set of containers, wherein
the third set of containers contains the data bits destined for a
second LAN segment in communication with the second RE
and the fourth set of containers contains the signal samples
destined for the second RE, wherein at the first RE the mixed-
data deframer retrieves the data bits from the first set and the
third set of containers in the mixed-data frame and the signal
samples from the second set and the fourth set of containers in
the mixed-data frame, the apparatus further comprising:

at the first RE, a second mixed-data framer coupled to the
mixed-data deframer to map the data bits retrieved from
the third set and the signal samples retrieved from the
fourth set to respective sets of containers in a second
mixed-data frame;

the second data transfer interface coupled to the second
mixed-data framer for transmitting the second mixed-
data frame to the second RE;

atthe second RE, a second mixed-data deframer coupled to
receive the second mixed-data frame from the second
data transfer interface, the second mixed-data deframer
retrieving the data bits and the signal samples from the
respective sets of containers in the second mixed-data
frame, the second mixed-data deframer providing the
signal samples to a second DUC of the second RE; and

second formatting logic receiving the data bits from the
second mixed-data deframer and forming correspond-
ing reconstructed data packets for transmission to the
second LAN segment.

45. The apparatus of claim 44, wherein the gateway further
comprises a compressor applied to the signal samples des-
tined for the first RE and the signal samples destined for the
second RE to form compressed signal samples, wherein the
mixed-data framer maps the compressed signal samples to
the second set and the fourth set of containers, wherein at the
first RE the mixed-data deframer retrieves the compressed
signal samples from the second set and the fourth set, wherein
the second mixed-data framer maps the compressed signal
samples retrieved from the fourth set to the respective set of
containers in the second mixed-data frame, wherein at the
second RE, the second mixed-data deframer retrieves the
compressed signal samples from the respective set of contain-
ers in the second mixed-data frame, the apparatus further
comprising at the second RE:

a decompressor applied to the compressed samples
received from the second mixed-data deframer to form
decompressed signal samples, the decompressor provid-
ing the decompressed signal samples to the second
DUC.

46. The apparatus of claim 44, wherein the signal samples
transmitted from the REC in the radio data frame are com-
pressed signal samples destined for the first RE and com-
pressed signal samples destined for the second RE, wherein at
the gateway the mixed-data framer maps the compressed
signal samples to the second set and the fourth set of contain-
ers, wherein at the first RE the mixed-data deframer retrieves
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the compressed signal samples from the second set and the
fourth set, wherein the second mixed-data framer maps the
compressed signal samples retrieved from the fourth set to the
respective set of containers in the second mixed-data frame,
wherein at the second RE, the second mixed-data deframer
retrieves the compressed signal samples from the respective
set of containers, the apparatus further comprising at the
second RE:

a decompressor applied to the compressed samples
received from the second mixed-data deframer to form
decompressed signal samples, the decompressor provid-
ing the decompressed signal samples to the second
DUC.

47. The apparatus of claim 34, wherein a control informa-
tion portion of the mixed-data frame includes an assignment
information to provide the first set of containers for the data
bits and the second set of containers for the signal samples of
the corresponding antenna-carrier.

48. The apparatus of claim 34, wherein the radio data
interface protocol is in accordance with a Common Public
Radio Interface (CPRI).

49. The apparatus of claim 34, wherein the data transfer
interface further comprises an encoder that applies a 4-di-
mensional, 5-level pulse amplitude modulation (4D-PAMS)
to the mixed-data frame.

50. In a distributed antenna system (DAS) that includes at
least one radio equipment (RE), an apparatus for data distri-
bution in the DAS and a local area network (LAN) in prox-
imity with the DAS, wherein the data include signal samples
and data packets, wherein the data packets are transmitted
from one or more LAN segments of the LAN, wherein the
each data packet contains a plurality of data bits organized in
accordance with a LAN protocol used by the L AN, the data
packet including an address information associated with a
source device of a corresponding LAN segment, wherein the
RE is coupled to receive an analog signal from an antenna, the
RE including an analog to digital converter (ADC) applied to
the analog signal and a digital downconverter (DDC) to pro-
duce the signal samples of one or more antenna-carriers, the
apparatus comprising:

a mixed-data framer receiving the signal samples output
from the DDC of a corresponding RE and the data bits of
the data packets from the corresponding LAN segment,
wherein the corresponding LAN segment is coupled to
communicate with the corresponding RE, the mixed-
data framer mapping the data bits and the signal samples
to one or more mixed-data frames, the mixed-data
frames having a frame structure in accordance with a
radio data interface protocol, the frame structure includ-
ing a user data portion and a control information portion,
the user data portion including a plurality of containers,
wherein a first set of containers in the mixed-data frame
contain the data bits of the data packets from the corre-
sponding L AN segment and a second set of containers in
the mixed-data frame contain the signal samples of a
corresponding antenna-carrier;

a gateway coupled to receive the mixed-data frame from
the corresponding RE via a data transfer interface; the
gateway comprising:

a mixed-data deframer retrieving the data bits and the sig-
nal samples from the mixed-data frame, wherein the data
bits from the corresponding [LAN segment are retrieved
from the first set of containers in the mixed-data frame
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and the signal samples of the corresponding antenna-
carrier are retrieved from the second set of containers in
the mixed-data frame;

formatting logic coupled to receive the data bits from the
mixed-data deframer and formatting the data bits into
one or more reconstructed data packets in accordance
with the LAN protocol for transmission to a switch; and

a radio data framer coupled to receive the signal samples
from the mixed-data deframer and mapping the signal
samples into one or more radio data frames in accor-
dance with the radio data interface protocol for transfer
to a radio equipment controller (REC) via a serial data
link.

51. The apparatus of claim 50, wherein the mixed-data

framer further comprises:

data mapping logic to map the data bits to the first set of
containers assigned to the corresponding LAN segment;

signal data mapping logic to map the signal samples to the
second set of containers assigned to the corresponding
antenna-carrier; and

a multiplexer to interleave the containers of the first set and
containers of the second set to form a sequence of mul-
tiplexed containers for the user data portion of the
mixed-data frame.

52. The apparatus of claim 50, further comprising at the

RE:

a preprocessor that receives the data packets from the cor-
responding LAN segment, the preprocessor extracting
the data bits from the data packets and providing the data
bits to the mixed-data framer.

53. The apparatus of claim 50, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, wherein the first set of containers in the mixed-data frame
comprises a first plurality of subsets, the mixed-data framer
further comprising:

logic to assign each subset of the first plurality of subsets to
a corresponding one of the plurality of LAN segments;
and

data mapping logic to map the data bits of the data packets
from the corresponding LAN segment to a correspond-
ing subset in the first plurality of subsets.

54. The apparatus of claim 50, wherein a plurality of LAN
segments is coupled to communicate with the corresponding
RE, the mixed-data framer further comprising:

logic to assign the first set of containers to the correspond-
ing RE; and

data mapping logic to map the data bits of the data packets
from the plurality of LAN segments to the first set of
containers.

55. The apparatus of claim 50, wherein a plurality of
antenna-carriers is processed by the corresponding RE,
wherein the second set of containers in the mixed-data frame
comprises a second plurality of subsets, the mixed-data
framer further comprising:

logic to assign each subset of the second plurality of sub-
sets to a corresponding one of the plurality of antenna-
carriers; and

signal data mapping logic to map the signal samples of the
corresponding antenna-carrier to a corresponding subset
in the second plurality of subsets.

56. The apparatus of claim 51, wherein the mixed-data

deframer further comprises:

a demultiplexer receiving the mixed-data frame and de-
interleaving the sequence of multiplexed containers to
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separate the first set of containers and the second set of
containers, wherein the demultiplexer provides the data
bits from the first set of containers to the formatting logic
and the signal samples from the second set of containers
to the radio data framer.

57. The apparatus of claim 54, wherein said formatting
logic further comprises:

an data buffer receiving the data bits from the mixed-data
deframer, wherein the data buffer stores the data bits for
the plurality LAN segments coupled to communicate
with the corresponding RE;

framing logic to map the data bits from the data buffer to
the reconstructed data packet, wherein the reconstructed
data packet includes the address information in accor-
dance with the LAN protocol; and

switching logic to direct the reconstructed data packet to a
corresponding port of the gateway based on the address
information.

58. The apparatus of claim 50, further comprising:

at the RE, a compressor applied to the signal samples
output from the DDC to form compressed signal
samples, wherein said mixed-data framer maps the com-
pressed signal samples of the corresponding antenna-
carrier to the second set of containers, wherein at the
gateway, the mixed-data deframer retrieves the com-
pressed signal samples from the second set of contain-
ers; and the gateway further comprises:

a decompressor applied to the compressed signal samples
received from the mixed-data deframer to form decom-
pressed signal samples, the decompressor providing the
decompressed signal samples to the radio data framer.

59. The apparatus of claim 50, further comprising at the
RE:

acompressor applied to the signal samples output from the
DDC to form compressed signal samples, wherein said
mixed-data framer maps the compressed signal samples
of'the corresponding antenna-carrier to the second set of
containers, wherein at the gateway, the mixed-data
deframer retrieves the compressed signal samples from
the second set of containers in the mixed-data frame and
the radio data framer maps the compressed signal
samples into the radio data frame.

60. The apparatus of claim 50, wherein the DAS includes a
first RE coupled to the gateway by the data transfer interface
and a second RE coupled to the first RE by a second data
transfer interface, the first RE receives a first data set from a
first LAN segment and the second RE receives a second data
set from a second LAN segment, wherein a first signal
samples set is produced by a first DDC at the first RE and a
second signal samples set is produced by a second DDC at the
second RE, the second RE applying said mixed-data framer to
the second data set and the second signal samples set to form
a first mixed-data frame having said first set of containers for
the second data set and said second set of containers for the
second signal samples set, wherein the first mixed-data frame
is transmitted to the first RE via the second data transfer
interface, the apparatus further comprising at the first RE:

an uplink mixed-data deframer coupled to receive the first
mixed-data frame, the uplink mixed-data deframer
retrieving the second data set from the first set of con-
tainers and the second signal samples set from the sec-
ond set of containers;

selecting logic to select the data bits destined for the gate-
way from the second data set to form a third data set; and
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an uplink mixed-data framer coupled to receive the first
data set from the first LAN segment, the third data set
from the selecting logic, the first signal samples set from
the first DDC and the second signal samples set from the
uplink mixed-data deframer, wherein the uplink mixed-
data framer maps the first data set, the third data set, the
first signal samples set and the second signal samples set
to respective sets of containers in a second mixed-data
frame, wherein the second mixed-data frame is transmit-
ted from the first RE to the gateway via the data transfer
interface, wherein the gateway applies the mixed-data
deframer to the second mixed-data frame.

61. The apparatus of claim 60, further comprising:

at the second RE, a second compressor applied to the
second signal samples set output from the second DDC
to form a second compressed signal samples set,
wherein said mixed-data framer maps the second com-
pressed signal samples set to the second set of containers
in the first mixed-data frame, wherein at the first RE, said
uplink mixed-data deframer retrieves the second com-
pressed signal samples set from the second set of con-
tainers; and

at the first RE, a first compressor applied to the first signal
samples set output from the first DDC to form a first
compressed signal samples set, wherein said uplink
mixed-data framer maps the first compressed signal
samples set and the second compressed signal samples
set to the respective sets of containers, wherein at the
gateway, the mixed-data deframer retrieves the first
compressed signal samples set and the second com-
pressed signal samples set from the respective sets of
containers.

62. The apparatus of claim 61, wherein the gateway further

comprises:

a decompressor applied to the first compressed signal
samples set and the second compressed signal samples
set to form respective sets of decompressed signal
samples, the decompressor providing the respective sets
of decompressed signal samples to the radio data framer,
wherein the radio data framer maps the respective sets of
decompressed signal samples into the radio data frame.

63. The apparatus of claim 61, wherein at the gateway the
radio data framer receives the first compressed signal samples
set and the second compressed signal samples set from the
mixed-data deframer and maps the first compressed signal
samples set and the second compressed signal samples set to
the radio data frame.

64. The apparatus of claim 50, wherein the control infor-
mation portion of the mixed-data frame includes an assign-
ment information to provide the first set of containers for the
data bits and the second set of containers for the signal
samples of the corresponding antenna-carrier.

65. The apparatus of claim 50, wherein the radio data
interface protocol is in accordance with a Common Public
Radio Interface (CPRI).

66. The apparatus of claim 50, wherein the data transfer
interface further comprises an encoder that applies a 4-di-
mensional, 5-level pulse amplitude modulation (4D-PAMS)
to the mixed-data frame.

67. A gateway arranged for an addressed packet protocol
including packets having destination addresses and a time
division multiplexed container protocol configured foracom-
munication with an access point, comprising:
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aplurality of data ports, including a first port configured for
data communications according to the addressed packet
protocol with end stations accessible through the access
point, a second port configured for data communications
according to the time division multiplexed container
protocol and a third port configured for data communi-
cations according to the time division multiplexed con-
tainer protocol between the gateway and the access
point; and
aprocessor coupled to the plurality of data ports, including
logic to process downlink data packets from the
addressed packet protocol carrying destination
addresses of the end stations accessible through the
access point and downlink containers including signal
samples from the time division multiplexed container
protocol, and to produce mixed-data communications
according to the time division multiplexed container
protocol, including a first set of output containers carry-
ing respective parts of the downlink data packets and a
second set of output containers carrying respective
groups of the signal samples from the downlink contain-
ers, and to transmit first and second sets of output con-
tainers on the third port.
68. The gateway of claim 67, the processor including:
logic to process mixed-data communications including
uplink mixed-data input containers from the time divi-
sion multiplexed container protocol received on the third
port, the mixed-data input containers including sets of
input containers carrying parts of uplink data packets
from the addressed packet protocol having source
addresses from end stations accessible through the
access point, and sets of input containers carrying
groups of uplink data samples from the wireless cellular
protocol, and to produce data communications accord-
ing to the addressed packet protocol carrying the uplink
data packets for the first port and data communications
according to the time division multiplexed container
protocol carrying the uplink signal samples for the sec-
ond port.
69. The gateway of claim 67, wherein the addressed packet
protocol comprises an Ethernet protocol.
70. The gateway of claim 67, wherein the time division
multiplexed container protocol comprises a radio data inter-
face protocol.
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71. The gateway of claim 70, wherein the radio data inter-
face protocol is in accordance with a Common Public Radio
Interface (CPRI).

72. The gateway of claim 67, the processor including logic
to apply data compression to the signal samples for the second
set of output containers.

73. A radio network access device arranged for an
addressed packet protocol including packets having destina-
tion addresses and a wireless cellular protocol, comprising:

a radio or radios including one or more antennas config-
ured for data communications according to wireless cel-
lular protocol;

a first data port configured for data communications
according to a time division multiplexed container pro-
tocol;

a second data port configured for data communications
according to the addressed packet protocol; and

a processor coupled to the radio or radios and the first and
second data ports, including logic to process uplink data
packets from the addressed packet protocol and an
uplink stream of signal samples from wireless cellular
protocol, and to produce mixed-data communications
according to a time division multiplexed container pro-
tocol, including a first set of output containers carrying
parts of the uplink data packets and a second set of
output containers carrying groups of the uplink signal
samples, and to transmit the first and second sets of
output containers on the first data port.

74. The radio network access device of claim 73, wherein
the processor includes logic coupled to the first and second
data ports and to the radio or radios, to process mixed-data
communications according to a time division multiplexed
container protocol received on the first data port, including a
first set of input containers carrying parts of downlink data
packets and a second set of input containers carrying groups
of downlink signal samples, and to transmit the addressed
data packets for the addressed packet protocol on the second
data port and a stream of signal samples for the cellular
protocol to the radio or radios.

75. The radio network access device of claim 73, the pro-
cessor including logic to apply data compression to the signal
samples for the second set of output containers.

76. The radio network access device of claim 73, wherein
the second data port is configured to communicate with end
stations accessible through the radio or radios.
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