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ln a distributed uttenna system (DAS) and a local arms tmt-

work (LAN). a common conununtcauon tnfmstructure dts-
tributes dnta front radio-basecl and Internet-based sources A

md«r equipment (RB) of'he DAS interlaces to a I,AN seg-
ment. I'or the don«link, a gateway maps mdto st nal data
from a radio cx)uipmcnt controller (RFC) nnd data packets
from a swttch to nuxed-data frames using a radto data utter-
face protocol for transmission in the DAS At the Rik the

signal data and data packets are retrieved front the mixed-data
frames and provided to the atr interface and LAN seynent,
respectively. For the uplink from the RL, the mdio signal data
iyom the air interlace and thc data packers from tlm I,AN
segment are mapped to mixed-data frames and transmitted to
the gateway. lite gateway retrieves the siytal samples and
data packets from the mixed-data frames for transfer to the
Rl.'C and ssvitch, respectively.
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TILik iSYIISSIOV OF MULTIPROTOCOL
DATA IV A DISTRIBUTFD ANTRVVA

SYSTEM

BA(JKCiROUND OF THL'NVk'N'I JUN

[0001] The preseot invention relates to data(i uhsmission m
a distributed antenna system (DAS) in proxunity ivhth u local
area network (I AN), wfierein a radio data interface protocol
hs applied to the data having multiple data protocols lor trans-
fer over the transmission infrastructure of the DAS.
[0002] Transcmver systems in ivireless communicauon
networks perform the control iiuictions for dhrecthn signals
mmmg communicating subscribers, or tenninalm as wmll as
communication with external hhetworks. The genernl opera-
tions of a radio transceiver system include receiving radio
frequency (RF) signals, converting tlmm ui signal data, pcr-
fhililllllg varloils colltrol and signal processhhhg opeliitlolls 0th

the signal data, converting the sigiml data to an RF signal and
Iransmitting thc RF signal to thc u irclcss subscribim Trans-
ceiver systems in wireless co nuuunicutions netv;orks include
radio base stations and distributed mitenna systems (DAS).
For the reverse link, or upluik. a terminal transmits theRI'ignalreceived by the transceiver system. Iior the forward
link, or downlink, tlm transceiver system transmits the RF
signal to a sub scnber, or termuial. in the wireless network. A
terminal may be fixed or mobile wireless user equipment unit
(IJI'i) md may be a isireless device. cellular pluinc. personal
digital assistant (PDA). personul computer or other device
equipped with a wirclcss mhxiem.

[0003] 'I'ransceiver systems in wireless conmuuucation
networks must manage thc incrmising amounts of data
required for olfenng new services to an expanding subscnber
base. System desighh cliallenges include ensuring flexibility
foi'volvllhg stailtlalifm silppoltlll gnilvlll ililta pmcessillg
requirements and reducing ovemall cost. The modular design
approach for radio base stations and distributed mhtenna sys-
tems provides the flexibility to meet these challenges The
components ofmodular designs include base station proces-
sorg or radio caiuiphucnt controllers (RFC's) mid RF imits, or
radio equipments (RE). coupled by serial data links, using
copper tv ire or fiber optic cabling Tlm REs include trmismit-
terx rcveivers, mhulog to digital convertcrs (ADC's) mid digital
to analog converter (DACs). Wire or fiber opuc senal data
links transl'er the sampled signals between the RFs and thc
REC of the radio base station system The snmpled signals
may be centered at the RF or converted to an intermediate
frequency (IF) or ha acband prior to trans fi r over the data link
The RL'C includes functions for signal processing. control
and communication ivith external networks.
[0004] In a typical wireless conunumcution network. wire-
less user equipnwnt units (UFs) conununicatc via a radio
access network (RAN) to one or more core networks The
RAN covers a geographical area which is divided into cell
arcum w itfi each cell area being sesamd by a radio btuu station
A cell is a geographical area where radio cover ige is provided
by thc radio equipment (Rk) at a base station site. I'Jach cell is
identified bv a unique identity, ii hich hs bnvadcast in ihc cell
I'he RL'oimnunicates over the ahr interface with the UEs
within range of the base station In tlm radio access network,
several base stations are typically connected (e.g.. by lmid-
lines or microwave) to a control node knov n as a base station
controller (BS(') or radio network controller (RN(') The
control node supervises and coordinates vauous activities of
the pluml radio base stations connected to it. Ilia RN('s are

typically connected to one or more core networks. One
example of a radio access nctv ork is the I Jnwersal Mobile
Teleconuuunications (UMTS) Terrestual Radio Access Net-
work (IJTRAN). Tlm IJTRAN radio access network uses
ividebmid code division multiple access (WCDMA) liir com-
nuuucathon with the Uks.

[0005] The modular design approach for radio transceiver
systems has led the industry to develop interfnce standards.
Olio cxalliplc of an internal intcrfacc of a transceiver system
which links the radio equipment to a radio equipment control
conuofler is the (.'ommon Public Radio interface (('I'Rl). The
Common Public Radio Interface Specifimition Version 4.1

(2009 Feb. 18) and previous versions, referred to hereui as
"C:PRI specilicatioiC'eline a publicly available specilimi-
thon for the data tmnsfer uiterfaces betweehh the maCho equip-
ment (RE) and radio equipment controllers (RL'C) of trans-
ceiver systems, including base stations mhd distributed
antenna systems (DAS), lite radio equipment control (REC)
processes bascband simhai data and conummicates with the
RNC via an interliace reli:rred to as '*lub*'or UMTS. The
mdio equipment (RL') perfomis the RF processing for trans-
mission of signals over the antenna to UFs. rcfi.rred to as
"IJu" fhir the UMTS air uiterface. The RI',C: aod RE corre-
spond to the base station processor and the RF iuhit, respec-
twcly Thc C'PRI specification defines protocols fiir thc serial
interface and operations at the physical layer (Layer I) and
the data link layer (I.eyer 2). I aver I nnd J.aycr 2 are two of
seven cate cries in the lnemarchy of commuaicathons fiuic-
thons defined for the "Open System Interconnection (OSI)"
network architecture developed by tlm International Organi-
zation for Stahhhhardization (ISO), referred to as the ISO-OSI
nenvork architecmre. 'I he serial data link betv;een Rk( and
RE or between two Rfis. is a bidirectional interllace with one
transnussion line per direction. Connection topologies
betv cmn the RFC'nd onc or morc RFs uicludc point-to-
pohnm multiple pouit-to-point. chain, star, trm, un* mid com-
binations thereof.

[UUU6] The CPRI speciticathon supports cellular radio stan-
dards 3(iPI'TRA FDD, Relcusc 8 (Dcvcmbcr 2(K)8) and
3(JPP E-IJTIUA. Releuvu 8 (December 2008) The CPRI
specification also supports the wireless neuvorking protocol
Worldwide interopcrability lor MicroivaveAccesg known as
WhMax (IEFE 802.16-2004 and IEFE 802.16e-2005). For
IViMax, the RE('rovides access to network entities, such as
other WiMax base stations or a WiMax Access Service Net-
work Oateway (ASN-CiW ). 11he RE prov ides the air interface
to the subscriber station or mobile subscriber station.

[0007] Another example of an interface specification for
modul nr are lntecture o I'radio transceiver systems is the Open
Base Station Arclutecture Inmative (OBSAI). The OBSAI
specification describes alternative protocols for the intercon-
ixection of RI'odules, analogous to RE of the C'PRI speci-
fication, and baseband modules, analogous to Rk'('f the
CPRI spoclllciitloli. as ivcll tu ilute tiiliasl'cr prhitocols for the
serial data hnks. The OBSAI standard supports several wire-
less modulation fiimhats. including (JSM/kl&(ikk WCDlvLA,

COMA aud WiMax Thc OBSAlestandard can also accom-
nhohhate other wireless nenvork coniigumtions or signal
modulation fiiunats by incorpomting general purpose mod-
ules. 11he OBSAI standard is descnbed in the docunients,
"OBSAJ Open Base Station Arclfitecture hiitiative IyI S Sys-
tmn Rcfi:rance Document,'i:rsion 2 0, 2006, mid "OBSAI
Open Base Station Arclutecture Initiative Reference Point 3

Specihcation," Version 4.0, 2007.



[jc] 20 [2/0057572 AI [V[ar. 8, 2012

[0008] A dkstnbuted antenna system(DAS) distributes sig-
nal dntn from a &nein mitennn or radio data resource to mul-

tiple remote antennas connected via Caty cable. coaxial cable
or fiber optic links. A DAS cmh connect to n variety ofwird en s

sc& v&ccs olid &lie&i hcihrthadcmst those siyiahi Ihrougfiout the
areas in v, hiclh tire DAS is installed. For exmnple, a DAS can
improve cellular telephone coverage wftfun a large building
or other structure A nuiin transceiver and no&enon positioned
on the roof of the building is connected by cable or fiber to
muftiplcs distributed antennns ivithin tlm buifdinn. A DAS
moy include a "head end" uito which source signals are com-
bined for distribution to remote radio units. A DAS system
nhay provide coverage ui conhned spacei. such as lhfyh rtse
builduhgs, tunnels, rahlv;hys and airports. As defined by the
DAS Forum of the Personal F.'omnninications IndustryAsso-
chathon (PCIA). a DAS is a nehvork of spatiallv scp&ll"&ted

antenna nodes connected to a common source via a transport
nwd&unh that pmvi des«&rale»ii cmmnunimuion seri ice u ii bin

a eognhpluc area or structure. The DAS antenna elevations
are generally at or below the clutter level and node uistallo-
iions are compnct A digital serial data link may coons»t thc
head end to the remote radio units, or heads.

[0009] Conununication uifrastructure uithm a building or
strticture moy include physically distinct net«orks that sup-
port dilrercnt scrviccs For cxamplc, Ihc communications
hnfmstrticture for a large building nmy include a DAS for
providing cellulm telephone service to Ul-: devices on the
premises and an Ethernet-based local area network (LAN) for
providing Internet service to user tertninals hn the bmlding.
Thc DAS for the building may include a head end RF',I that
uhterfaces with the R41N and one or more RL&s distributed ot

locations in the strt&cture for communication over the air
uuerface with UE devices The buhidihhg's I AN nn&y uiclude
an Lhthemet switch connected to the Internet mid distributing
the data packers to the user terminals via the Fthcrnct media
systein, such as the Cihgab&t Iifihernet (Cibp) twisted-pair
I000BASE-T.

[UUI 0] Using a common distribution infrastructure for data
from both the radio access network and from other sources.
such as the hitcrnet, «an provide snvings in both the commu-
nication infrastructure installation and maintenance. The
I,AN infrnstructures conunonly usc tlm protocols for Fthernet
data link layer (Layer 2) ond physical layer (Layerl)
described in the Il')EE 8023 Standard. 'I he DAS may use the
CPRI protocol or otlmr radio data pmtocol &o distributc radio
packets bet«een the head end RL&C and the RLs distrtbuted in
the building or strucmre. Mapping the Ethernet frames to the
CPRI radio data framing protocol without uhtroduchng unac-
ceptable latency to the distrtbution of data to both wireless
devices and u& Internet subscribe» will allo« a single com-
munication infrastructure to support both services whtlun the
builduhg or structure. The combined DAS and LAN distribu-
tion infrastructure uill sf lou m:onomies in both uistallauon
and maintenance of the radio network and Internet network
services within tlm building or strt&cture

[0011J Increasing the data transfbr capacity of serial data
links allows finer cost links in thc DAS Compressionoi'ignalsamples prior to tmnsfer over the sertol data links
improves the capacity of existing data links to transfer
hncreasuhg traffic, possibly eliminating or ot least postponing,
the need to upgrade the existing data links. Computationally
ctlicimit compression mhd decompression conserves con&put-

ing resources. Therefore, there is also a need for compressing
signal samples from the mdio sources and transferring the

compressed samples with the chhto from the Internet or LAN
smircci using tbe radio data trans fi:r protocol oi'the DAS

SUMF&LARY OI'IIL'NVENTION

[UU12J A general object of the invention is ni provide effi-

cient transnussion of data havmg dhtferent sources aod pro-
tocols in a DAS and LAN usuhg a conunon conuuunicathon
infrastn&cn&re

[0013] The present invention provides a method oi data
distribution hn a DAS mhd LAN that supports do« nlink com-
municat&mi. For the dhnvnlink comniunication, a RFC pro-
vides shy&el smnples orgamzed ui mhdho data frmnes hn accor-
dance «ith a radio data intcrfnce protocol and a switch
pmvides datn packets organized in accordance iihfii a I,AN
protocol. The data packets are destfhhixf for a corresponding
I,AN seyncnt coupled to conununicate v ith n corresponding
RE Thc &1&cthod includes steps performed al a gateway oi'eceivingtire data packets from the switch, receiving the
signal samples from the RFrh mapping tlwdata hits Iyom thc
data packets and the signal samples to one or more mixed-
data frames having the franm strticture in accor&hsace with the
mdho data interface protocol, and transmhtnng the mixed-dato
frame over a data transfer interface to the corresponding RL
At the RI., the method includes steps of receiving the mixcd-
data frame, retnevhn the data bits and the signal samples
from the mixed-data frame, formatting the data bits into
reconstrticted data packets in accordance with the I.AN pro-
tocol for transmission to the corresponding LAN seynent.
and providing tho sigm&l snmples of thc corresponding
antenn i-carrier to tlm DUC.
[0014] The present inventiim further provides a method of
dots distribution hn a DAS and LAN that supports upi&ok

conununication. For the uplink conmuuhication. data packets,
org uured hn accordance ivith the I.AN pmtocol. are trmis-

nutted front one or more LAN segments of the LAN to the
corresponding RE. fhe Rk. applies an analog to digital con-
verter (ADC) to a received analog signal and a digital down-
converter (DDC) to produce the siyhal samples ofone or more
all&conn"ca&lich'i. Ai tile RF&, Il&c lt&cth&xl coli&pllscs steps &hi'eceiviiogthe data packets from a corresponding LAN seg-
nwnt, mnpping thc data hits from tlw. dam packets mhd the
signal sampl&» output from the DDC to one or nhorc mixed-
data frmnes. the mixed-data frame having a frmne strt&cture uh

accordance with a radio dnta interi'acc protocn1, and transmit-
t&n the mixed-data I'rame over a data trmhsfbr interface to the

gateway. At tire gate«soy. tire method comprises the steps of
receiving the mixed-data frame. retrieving tfm data bits and
the signal samples from the mixed-doto frmne. formatting the
data bits into one or more reconstructed data packets in accor-
dance u ith tlm I.AN protocol for trm&siniss ion Io n switch, and

mapping the signal samples to a radio data franie for transfer
toaRH
[0015] The present invention fiirther provides an apparatus
for data distribution in a DAS and I,AN that supports do« n-

luhk con&munication. I'or the dounluhk commummition, a
Rl.)C provides siyhal samples orgahhfzed in radio dots frames
in accordance with a radio data intcrfacc prot&»of mid a
switch provides data packets organized hn accordance u ith a

I.AN protocO. 'I'he data packets are destined for a corre-
spotxhng LAN seyuent coupled to conunumcate is ith a cor-

responding RE. The apparatus comprises a gateway, includ-
ing mic or more gatewny ports to rcceiiv. tfw. data packets from
the L'thernet switch. 11&e ateway receives the signal samples
from the REC via a serial data fink. The signal samples are
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orga&uzed into one or more radio data frames. The gateway
comprises a nnxed-data framer that maps the data bits from
thc data packets and the sigiml samples I'or the corresponding
RE into one or more mixed-data fmmes, tire mixed-data
frames having the frame strt&cture in accordance witli the
radio data interl'ace pmtocol. The mixed-data fmanms nre
transferred via a data transfer interface to the correspondui
RL. At the RE, a mixed-ihta defrmner retrieves the data bits
and tlm signal san&plea from the mixixbdnta frmne and pro-
vides the signal smnples to the DUC. Formattuig logic for-

mats the data bits into one or more reconstructed data packets
fol tlailsilllssloll &0 the corresponding LAN seyuenL

[0016] The prcscnt uiven«on further provides mi upparutus
for data d&strtbution in a DAS and LAN that supports uplink
txmmiunication For the uplink communication, the data
p'&eke ts, olgalllxlxi 111 scoot'dallce &v i &11 (1&v. I.AN protocol. are
transmitted from one or more LAN segments of tlie LAN to
the corresponding RF, The RE applies an ABC to a rccccivcd

analog siyial folio~ed by a DDC to produce the siyiaf
samples of one or more mitenna-carriers. At the RE, the
apparatus comprises a mixed-data framer that receives the
signal samples output from the DDC mid the data bits of the
data packets rcxcived from the corresponding I AN segnmnt
The mixed-data lrmner maps the data bits and the siyml
samples ui one or more mixed-data frames lmving a fmime

strt&cture in accordmice with a radio outa interface protocol
The apparan&s fi&rther comprtses a uteway tint receives the
&nixixI-&Lsta frame from the corresponding RE via a &Lsta trans-
fer uiterl'nce. The gate&&ay comprises a mixed-dnui defr uuer
that retrteves the data bits and the signal samples from the
mixcdi-data I'rmuc. fomiatting logic that formats the data bits
uito one or nmre reconstructed data packets for transmission
to a switch, and a radio data franier that maps the signal
samples into onc or morc radio data frmnes I'or transli:r to a

RFC

[0017] A ates&ay is described that is arranged for un
addressed pacl it protocol including packets having destuia-
tion addrcssem such as an Fthertiet protocol. and a time divi-
sion multiplexed container pmtocol. such us a radio data
interface protocol. configured for a conummication ivith an
access point such as a radio or radios like those used in RF,

systems with co-located v;ireless data networks and wireless
cellular telephone networks. The gateway comprises a plu-
rality of data ports, includuig a iirst port coniigured for data
comnnmications accorduig to the addressed packet pmtocol
with end stations accessible ihrougb &he access point, a sec-
ond port coniigured for data commuiucations uccorduig to tlie
time division multiplexed container protocol and a third port
conli urccdi f&ir data comnnuucauons according to the tinw.

division nn&ltiplexed container protocol benveen the atev ay
tmd the access point, and a processor coupled to the plurality
of data ports. includuig logic to process downln&k data pack-
ets from the addressed packet pmtocol carrying destination
addresses ol'end stations accessible through the access point.
and downlink contmners includuig groups of siyial samples
from the time division nn&ltiplexed container protocol. and to
produiv. mixed-&Lsta conunmiications according lo tlm iime
division multiplexed container protocol. inchiding a first set
ofoutput contni ners carrying respective parts of the d own link

data packets and a second set of output contmners carrying
respective groups of the sicvnal samples from the downlink
containcrg and to transmit first and scmond acts of containers
on the tlurd port. Also the gate&say cun include logic to pro-
cess mixed-data communications including uplink mixed-

data input containers fmm the time division nn&ltiplexed con-
tainer protocol received on the third per&. the mix&d-data

uiput containers uiclud&ng sets of input containers carrying
parts ul'uplink data packets from the addressed packet pro-
tocol having source addresses I'rom ihe end statimis acces-
sible tluougli the access point. and sets of input containers
cartying groups of uplink data samples from die wireless
cellular pmtocol, and to produce data commun&cat&mrs

according to the addressed packet protocol carrying the
uplink data packets and dnta communications nccording to
the time division multiplexed container pmtocol carrying
gmups of the uplink data samples. In advantageous embodi-
meots, the gateway processor includes logic to apply data

compression to the siyia1 samples for the second set ofoutput
containers.

[0010] A radio network access device is also described &bat

is armsnged for an addressed packet protocol including pack-
ets having destination addresses and a wireless cellular pro-
tocol. and tire& &s adapted Iior use with the gate&say described
above. The access device that is descnbed comprises a radio
or mdios including onc or morc antcnnns configurcd fiir com-
munications accordui to the addressed packet protocol wiih
end stations accessible through the mdio or radios, and for
data comnnmications accordin to wireless cellular protocol,
a data port conligured iiir data commun&canons accorduig to
a time division multiplcxed container protocok and a pmccs-
s&ir coupled to the radm or ratios &uid the data port, includmg
logic to pmcess data packets from the addressed packet pro-
tocol and an uplink stream of sivnal samples from wireless
cellular protocol, and to produce mixed-data communica-
tions according to a time division nuiltiplexed contauier pro-
tocol, including a first set ol'output containers cnrrying ports
of the upi&uk data packets and a second set ofoutput contain-
ers carrying groups of the upi ink signal samples, and to trmis-
mit the lira& and second sets ofcont niner s on the data port. The

pni cessor of the access device can also include logic coupled
to tlm &La&a port and to tbe radm or radios, to process mixcd-
data communications according to a tune division nndt&-

plexed container protocol received on the data port. including
a first set o I'uipu& containers iu&rrying pm ts of downlink data
packets and a second set of input containers cern &ng groups
of downlink signal samplcg and to transmit &he addressed
data puckets for the addressed packet protoc&il and a strcmn oI'ignalsamples for the cellular protocol to the radio or radios.
In advantagcoms enibodif&icli(s. ilia access pot&&i pl&le&'.~&&it'ncludes

logic to apply datu compression to the slgllal
smnples for the second set of output conminers.

BRIL'F DL&SCRIPTION OF TIIL'IG&&i(&IN6S

[0019] FI6. I illustratescommuiucationbetween REC and
Rl', modules for a DAS or a radio base station.

[0020] FI(i. 2 shows an example configuration having two
REs.

[0021] FI6. 3 show s multiple point-to-pouit links benveen
one REC and several REs in a star topology.
[0022] FI(i 4 shows multiple RF& conncctcx( in series to
RI',6 in a chain topoloyi
[0023] FI6. 5 shows &menxinnected RL's connected to the
RF('n a tree topolovy.

[0024] FI(i 6 sh&ows RF('id RFi connected in a ring
topiilo

[0025] I'16. 7 illustmstes un overview of the basic protocol
hiemrchy in accordance w ith the ('FRI specification.
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[0026] 116. 8 illustrates the CPRI basic frame structure for
the C&)4 4 Mbps line bit rate
[0027] 11G. 9 illustrates the CPRI bas&c frame structure for
the 1228 8 IVIbps linc bit rats.
[0028] FI(i 10 illustrates the C'PRI framing hierarchy for
the 1228.8 Mbps line bit rate.
[t)t)29J Fi(i 11 shows an exmnplc of mapping I,Q data for
transler nccordin to tbc C:PRI protocol.
[0030] FIG. IZ gives an overview of the functions of the RE
tmd RE(1
[0031] FI6. 13 illustmtes an example of a DAS that distnb-
utes data within a building or structure from radio network,
LAN and Internet sources. in accordance isith a preferred
embodiment.
[t)032J FICi. 14 is an embodiment ofdnwnlink functions of
the a&away in conumuncation w&th three REs.
[U033] FIG. 15 illustrates an example of mapp&ng I,Q data
and F &barnet data bv the mixed-data I'r:uner

[0034] I'IG. 16 is an en&bod&ment ofupluikcommuiucation
functions of the gateway connected with tluee REs.
[0035] FIG 17 is a block diagr un &if the Rli. in accord u&cc

w&th a preferred embodiment.
[0036] FI(i 18 illustrntes m& overview of communication
between the RFC:. gateis ay and RE.
[0037] Fl(i. 19 illustmtes an example of conumufication
between thc RFC', gate«vi&y anil tw&i RFs comwctcd in u chain
topolog)i
[t)038J FICi. 20 illustrates an example of a DAS topology
having cascaded RFs m&d multiple I,AN scgmenis
[0039] FIG. 21 is a block diagram of a RE that applies
compressiim and decon&pression to tlm bascband I.Q signal
smnples. in accordm&ce with a preferred embodunent.
[U040] FIG. 22 illustrates an example of mapping com-
pressed I.Q outa and Fthcrnet data by the mixed-data franwr
[0041] 116. 23 illustrates an example of a gateway tlmt
includes compression in the downlink functions.
[0042] 11Ci. 24 illustrates m& example of a ateway tlmt
includes decompress&on in the upi&nk conumuucation func-
tloius

[0043] I'IG. 25 &s an example of a RL'C that includes com-
pression mid decompression.
[0044] FICi 26 illustrates tbc mappuig and multiplexiltg ol
the compressed data packets.
[0045] FICi 27 shows a block diagran& of at& embodiment of
the compressors i[or the RF,. atra&ay or RFC
[U046] FI(i. Zg sho&vs a block diagran&ofan embodiment of
the dccomprcssor for the RF„gateway or RFC.

DETAILED DL'SCRIPTION

[0047] FICi I illustmtcs communicationbetween RFC'and
RE modules for a DAS or a rad&o base station. 11&e RL'C 22
and RE 24 are connected by a serial data link 26. The Layer 2

and the Layer I blocks represent the commiuucat&on func-
tions bet&veen the REC 22 and the RF 24. As in the CPRI
specifimit&on. tbc descnption hercu& is based on the UMTS
(Universal Mobile Teleconunumcation System) nomencla-
ture. However, the RE('2, RE 24 and the senal data lurk Z6

may operate &n accordance with other specilications. such as
the above-referenced OBSAI spec&ficat«&n or a propnetary
specification
[0048] In a DAS, the RF&C 22 and one or more REs 24 may
bc physically separated The Rlis 24 may be close to the one
or more untennas rad&sung s&y&als to UL&s in the budding or
stnicture via the Uu interface 32. The RL'('2 may be located

in a conve&uently accessible site. Depenthng on the interface
30 bc&ween the REC and the mdio acceas nct&cork (RAN), the
REC 22 and one ol the REs 24 may be co-located, as u& a
conventional radio base station design, at the lmad cnd of the
DAS and addit&onal ren«&te REs 24 u&stall+i at remote li&ca-

t&ons in the build&ng or stn&cture. Alternatively, the interface
30 may comwct the RE( 22 and a Radio Network ( ontroller
(RNC) via the lub &nterfiice for the UMTS radio access net-
work.

[0049] Thc basic functions of'the RFC 22 may include the
Iub trm&sport and protocols, the Node B (base station) control
and mnnagenwnt, and the digital baseband processing For
the doisnlink (&.e. from RFC: 22 to Rl& 24), the RFC 22
handles such operations as el«au&el coding, interleaving,
spreading, scrambling, adding ofphysical channels, control-
1&ng transmit power of each physical churuiel. fmme and
signal slot generation (including clock stabilization). For the

up)ink (i c, from RF 24 to RFC'Z). thc RFC'2 lumdlcs such
opemtions as clmnnel de-coding, de-interleaving, de-spread-
ing, dc-scramblinc, signal distribution to signal processing
u&uts, detection oi feedback infom&a«on for transnut poiver
control, and signal to interference mt&o measurement.

[0050] Thc RF 24 serves thc air interface 32 «i tlm usvr
equipment (UL') or mobile devices (not illustrated). In an
UMTS network thc air interface is called the Uu interface.
The RL'4 prov&des the analog and rad&o frequency iiu&cuons

such as filtering, modulation. frequency conversion and
amplification For the downlink, the Rl', 24 performs opera-
t&ons such as digital to analog (D/A) conversion. upconver-
sion, on&off control of each carrier. carrier multiplexing,
poiser unpfdication m&d luniting, ante&uui superv&s&on, and
Rli filtering. I&or the uplink, the RL'4 performs operations
such as analog to digital (A/D) convcrsim&, downconvcrsion,
automat&c gain control. earner de-nndt&plexing, low noise
amphficat&on, and RF liltenn . The REC 22 performs the
pmcessing functions ol tf&e digital bascband domaui, &&heraus

the RE 24 performs the A&D and D'A convers&on funct&ons
and the analog radio I'rcqucncy I'unctions. For this example,
the fimctmnal split besween the RE(. 22 aml RE 24 allows the
transfer of digital baseband smnples representing user data
via tlm svrial data link 26. Thc digitnl basvband samples
include &n-phase and quadrature (I,Q) samples rcepresenung
the user data, also referred to as the user plane. In genem I. the
signal samples representing thc user datn may be real-valued
samples or complex-valued (I,Q) samples. The center fre-

quency of the signal smnples may be substantially zem (base-
hand) or an intcm&cdiatc frequency (IF)

[Ut)51] FIC). 2 shows an example configuration having two
RFs 24-1 and 24-2 Both tlm RF& 24-1 and 24-2 each have
respective mr interfaces 32-1 and 32-2 for commu&ucatin
with user devices. I'he serial data links 26-1 and 26-2 connect
thc intermediate RF, 24-1 to thc RFC 22 nnd to thc svcond RF,

24-2. respectively. The intermediate RL'4-1 &s able to relay
information betwvcn the second Rk 24-2 and the Rl.)C 22 in
add&t&on to transferring user data between the REC 22 and
user devices via the air interface 32-1.

[0052] FICi 3 through FI(i 6 show examples of various
topologies for links be«veen RL'Cs and RF& in a DAS. 116. 3

shows nniltiple point-to-point links between one REC 22 and
malt&pie Rks 24 in a star topology. I'IG. 4 shows mult&pie REs
24 connected in series to RE('2 in a clmin topology. I'16. 5

shows interconnected RI's 24 conncvted to the RF('2 in a

tree topology. FI6. 6 shows RL'C 22 and RL&s 24 connected in
a ring topology.
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[0053] The CPRI speciTication defines protocols for the
I,aycr I and thc I.ayer 2 filr trims fcr of thc user data, cont mt
ail&i nliula cine&it &htta Bnd svilchroulzBtloil flin&util&loll

betwcmu the RF('2 and onc or n'«Ire RFS 24 mid between
Rfis. i e. Rl', 24-1 &uid RF. 24-2 I ayer I specifications inch«le
the line transmission bit m tea, electrical characteristics. opti-
cal chamcteristics, linc coding, tinw. division multiplexing of
the diffi:rent data flowa frwne stnicture a&xi lon level signal-
ing. Layer 2 speciticatlons include control and management
data. data mapping, medin access control. data flow and pro-
tect«in of the control and management data. Generally, the
( Pkl defined protocols include a time division multiplexed
coll&'liner pl'otocoi, Ivhlch Is provisioned to trallsmlt stl'canis
of signal samples in a point to point channel. such as between
the RF('nd corresponding antenna-carriers being operated
using the RF of the system, and user equipment operatln on
such antenna-camera.

[0054] I'IG. 7 dlustrates an overviev of the basic protocol
hierarchy in accordance with the C'PRI specitication Tlm user
plane ulcludes the data that are to be transti:rred from the
radio base station or DAS to the user devices and vice versa.
The user data are in t1m form o fin-phase and qimdrat ure (I Q)
dl ital basebmld samples The control and nuinagement
(C&M) plane carries control information for the operation.
a&hnulistration and maintenance of tbe RFC 22 and RF, 24
The control and management data are exchanged between
control and management entities with tlm Ri C 22 and rndio
equipment RE 24, and are guen to laager protocol layers.
Two difTerent Layer 2 pmtocols suppon the control and mun-

agcmcnt plnne. High I cvcl Data l,ink ('ontrol (HDL( ) and
L'thernet. The C&M dutu ure multiplexed with the I Q data of
the user plane for tmnsfer between the kL'('2 and the kL'4.
The ( &M plune aud the user plmle may also transfer vmldor
specific hlfofllultlon 111 alsslgned tun&'lots ul fllc fluluulg
stnicturc. Vi.'Odor specific inlionnation incii«ica for example,
operational parameters, conligunstion intiirmation or other
data pertainuig ui a particular vendor's product.

[U055] The syncluonization data flo transfers syncluom-
zation and timing information between Ri',( 22 and RF, 24
Syncluoninition data is used for align«tent of frames wul
hyperfimnes, associated frame numbering. and support of
SB/I UB coding In Fki 7, thc inband signnling conveys infor-
mation that is related to the link and is directly transported by
the physical layer 'I lfis information is used for system startup,
I eyer I link maintenance ami the trwlsfi.r of time-critical
information that lms a direct time relutiouslup to Layer I nser
data

[0056] Seveml I.Q data tlovvs vvifl be nniltiplexed together
along with the C&M data aud transferred via the serial data
link 26. Lach I.Q data flovv ulcludes a stream of signal
sanlplcs that rcficvts thc data ol'ne antenna for one carrier,
referred to ns an antenna-carrier (AxC), hl general, without
regard to specitic protocol, one antenna-carrier refers to the
digital signal samples rcpr&wcnting thc uvvr data lilr either
receptmn or transmission of oue frequencv division duplex
(11)D) carrier at one independent antenna clement at the air
ultcrface 32 of the RF 24 Thc sigiud samplcs rcprcscnthlg the
user data for a given antenna-earner may be real-valued or
complex-valued (I,Q) and the center frequency nuiy bc sub-
stantially zero (baseband) or an intermediate frequency (IF).
In the Cl'Rl specification and the OBSAI specification. the
signal satuptes representing the user data comprise mimpicx
basebund (LQ) signal samples for the corresponding earner
of the corresponding antenna. The ('Pkl specification

describes a data structure called an AxC container that con-
tains a predctcnnincd number of th&. I.Q signal samples 1ilr

one antenna-carrier. The AxC containers correspondulg to the
smiw. witenna-cnrricr me nssigncd to certain bit fields in a

radio dain I'rame Thc I'Jdio data I'Ianlc 11«ly hlclude. &null&pic

sets of AxC containers containing the user data corresponding
to multiple antenna-carriers. Thc sets ofAx(. containers cor-

respondulg to difl'erent mucnu i-carriers we multiplcxed to
different bit tields in the radio data fmme, as further described
below

[0057] Thus, in addition to the user plane (I,Q data), the
CPRI speci tie au on detines an arr mgement ofC&M ulfonna-
uon as &veil as synchmiuzatlon slmials for exchange be«veen
RF('2 and RF, 24 Ail in tbnnation stremus are muitiplexed
onto a digital serial commumcation line usuig the Layer I und
Layer 2 protocols. The difTerent ulfonnation flov&s have
access to the Layer 2 via service access points (SAPs). The
I.Q data ofdifferent antenna camera are multlplexed by time
division multiple«lug th&'.Ax( con&all&cia The C&M data arc
either sent as inbai«l slg&mtmg data (for tnne cntical signalulg
data) or by I eyer 3 protocols (not define by the Cpkl Speci-
lication) that reside on uip of the layer 2 protocols. The I aycr
2 protocols IIDLC or Bthenlet are appbed to the C&M data
prior to time division multiplexing with the I Q data. Finally,
additimlal time slots are available iiir thc trnnsfi:r of mly
vendor specific information.

[0058] User data and control infounuuon are or anlzed in a
frame structure for transfer via serial data hnk 26. i&or imple-
mentauons compatible with CPRI specitiwition, the duralion
of a basic frame is based on the duration of one UMTS chip,
which is dctincd m I/3 84 MHr. 260 416667 nanosewmds
(ns). A CPRI basic lrame consists of 16 words with index
W 0. I... 15.111ewordwiththeindexW 0. Hi& ofthebasic
frame, is used for mle control word Since thc duration of the

basic frame is a fixed time interval. the length of the nord
depends on tlm linc bit lute ol'lm serial dnta link 26 The
Conmlon Public Radio Intert'ace Specificatiml Version 4.1

(Feb. 18. 2009) defuies six alternative line bit mtes for the
serial data link, each with differing word lengths 6 I 44 Mbps
(word length 8 bits), 1228.8 Mbps (word length 16 bits),
2457.6 Mbps (word lmlgth—32 bits), 3072.0 Mbps (&lord

length=40 bits), 4915 0 Mbps (word length=64 hits). 4915.2
Mbps (word length 64 bits), and 6144.0 Mbps (lvord
length=SU bits).

[UU59] FIG. 8 illustrates the basic fiame stmcture for the
614 4 Mbps line bit rate. For this line bit rate, lhc basic frmue
36 includes 16 n:ords, whereul each word has a len th ofone
byte. or 8 bits per word. Thus for the 614.4 Mbps line bit rate,
the basic frwnc carries 128 bits. including 8 bits for control
ulformatlon and 120 bits for signal samples in the user data
block The time diagrnm 42 indicntes tlm byte order for linc
encoding tiir the serial data lulk with 614.4 Mbps line rate oI'he

serial data lint . FI(1. 9 illustmtes the basic fmme strucmre
for tlm 1228 8 Mbps line bit rate. For this linc bit rate. the
basic frame 38 carries 16 word~. Ivhereul each word has a

lmlgth of 2 byte~, or 161 bits per word. Tlms for the 1228.8

Mbps linc bit rate one basic frame inc li«les 256 bits. incli«hng
I fi bits for control information and 240 bits fbr signai mmples
in the user &httn block. The time diagram 44 indicates the byte
order for lute encoding for the 1228 8 Mb ps ime bit rate ofthe
serial data link. The higher line rates udd proponionately
n«lrc bytes per word Thc first word (word index=fl) of the
basic fmme ls reserved for control informution. regardless of
the size of the word.
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[0060] The CPRI specification defines a framing hiemrchy
where a sequence of basic frmnes form a hyperfmme and a

scNucncc of hyper frmne I'onn a ('PRI 10 mace. frmnc, also
called a Node B frame FI(I. 10 illustrates the (.'VRI fmming
hierarchy for the 1228.8 Mbps line rate. The basic frame 38
corrcspon/Ls to that illustrated in I'l(i. 9 However, tlm same
luemrchy 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 liim rates A
sequence of 256 basic frames having indices ifi to 8255,
where basic frmue 38 has index ¹X, form a hyperframe 46 A
sequence of )50 hyperfr uncs having indices a0 to gi49.
where hyperframe 46 has uidex t!d, has a dumtion of )0 msec.
mxl lbnns a IIMTS radio I'rame 48, also rel'erred io as ('PRI
10 msec. frame or Node B fmme, Each U MTS radio frame 48
is assigned a Node B fmme number [BFN).

[0061] Fl(i. 11 shows an exatnple of mapping I,Q data for
transfi.r according to the CVRI protocol The CPRI pnitocol
provides a radio data frame. or bnsic fr uue. having a plurabty
ofAx(.'ontainers. A set ofAx('ontainers in the basic frame
is iwvsigned to a corresponding antenna-i arricr In the example
nfl ICr. 11. the I,Q st@tel samples 50 from the sante antenna-
canier are mapped to the set of AxC containers A(q)-I and
AC0-2 corresponding to a first antenna-earner, AxC//0 The
I,Q sisal samples 56 are mapped to the set ofAxC containers
A( 1-1 and A( 1-2 corresponding to a second antenna-ear-
ner,AxC 1. The multiplexer 58 interleaves the AxC contaui-
ers from the nvo mitemm-carriers to form a sequence of mul-
tiplexed cont aners reli:rred to as an AxC contauier group 60
The basic frmne formatter 62 forms a basic frame ha~ing a
number of Ax('ontaiiwr groups in the I.Q cata block and
uiser(s tire control dais. The mimber ofAx('ontainer ~oops
depends on the line bit rate. I'he control data occupies the first
wordoftbebasicfianw[indcx 0) TheAx(. conmincrgroups
occupy the I,Q data block of the basic frame. as illustrated in
FKIS 8 and 9 I'he gb!10b encoder 64 applies an gblfib code
to each byte of data in the basic frame The gb/1 fib code is
defined by the standard IEEE 8025-2005. The gb/10b
cncodcr 64 is part of thc serializcr/dcscriali/er (SFRDI'IS)
inter f'ace lbr the scrinl data 1mk 26

[0062] Tlm block diagram of FI(i 12 gives ali overview of
the functions of the RE 24 and RL'C 22. The RE 24 receives
and transmits nniltiple frequency channels of signal samples
for each uidep cadent antenn i, or aud tip le antenna-carriers. In
this example, there are four channels of signal samples cor-
responduig to liiur antenna-carriers msociated wuh the
antenna 155 and the signal samples transferred over the senal
data link 26 are haseband LQ signal samples. Iior the trmisnut
path. or doivnlink from the RFC 22, the multiplexer 120
nuiltiplexes the si nal samples from nnilnple user data
strcanis into a single serial data stream for transfer over tlm

serial data link 26 At the RI', 24, the demultiplexer 140
denndtiplexes the serial data stream to recover the four
strcanis ol'bascband I.Q signal samples The digital upcon-
verter (DIIC) 161 upconverts each stream ol'nsebmid I,Q
signal samples to respective carrier frequencies to fonu a

cbanneli/cd signal Facb upconvcitcd di ital signal occupies
a particular frequency channel of the resulting channelized
signal

firn

DA('60 converts thc channelized signal to an
analog styta). The transmitter [Tx) 180 may filter, amplify
and conven the analog signal to the appropriate Rl'requency
for transmission by tlm antmina 155 The dow nlink RF signal
is transmitted via the antenna 155 over the air to the UL'evices.

[0063] I'or the receive path. or upi/uk from the UE devices.
thc receiver [Rx) 182 receives thc RF signal via ihe mitenna
155 at the RL 24. Tire ADC 170 digitizes the received signal
to pmduce a digital sigtud thnt represents thc channelized
signal dais The di ital doivnconvcrter 1DDC) 171 downcmi-
verts the channels to form corresponding streams of b as eh a ad

I.Q signal smnples, onc strcani for each cluuinel I'he multi-
plcxer 121 multiplexcs the streams ol bascband signal
samples to ferns a serial data stream. The serial data stream is
trnnslerrcd via tlm serial data link 26 to the RI,('2 Tlm
denudtiplexer 141 denuiltiplexes the senal data to restore the
four streams of LQ signal samples The baseband processor
110 performs st~el processuig functions on the streanis oi
I.Q signal samples. The signal processing functions may
include channel decoding, de-interleaving, de-spreading,
nuiltiple-input multiple-output (MIMO) processutg, and
denuidulation fimctions.

[0064] The multiplexers 120 and 121 combine the multiple
stfcaliis of tlm baseband I Q signal saniplcs For enibodi ments
based on the CPRI spiecilication, the multiplexers 120 and
121 apply the ('VRI framing protocol to map the LQ signal
smuples ui appropriate Ax('ontniners as described above.
The demultiplexers 140 mid 141 recover the individual
streams of I.Q signal smnples from the received serial data.
For thc serial data in the ( PRI format, the dcmultiplexcrs 140
and 141 retrieve the I,Q stgttai samples from the Ax('on-
tainen to reconstruct consecutive I,Q signal samples for indi-
vidual signal streams. In the RFC 22, a centml proces sing uiut
[CPU) 122, microcontroller or dedicated controller logic pro-
vides cmitrol of tlm multiplcxcr 120, thc demultiplcxer 141

and the baseband processor 110. Tire CPU 122 provides con-
fibruration parameters for the framingodeframing and the con-
trol and management data tluit will be multiplexed ivith the
user data. In the RE 14, a CPU 124 receives the control and
managcmcnt data and provides conliguration par~meters for
framing'defmmtng

[0065] The Iunctions described ivith respect to FI(L 12 are
general for a radio transcen er system that transfers baseband
I,Q signal samples between RF('2 and RF, 24. Ditri:rent
terminology niny be used. such as baseband module lor RFC
22 and RF module for Rk. 24. 'I he nmltiplexers 120 and 121
and demultiplexers 140 and 141 may usc anuther radio data
interface protocol for the baseband I.Q signal samples, such
as tlmt described in the OBSAI specification, or in an earlier
or I'uturc version of tlm (.'PRI spcwiiicat ion. Altcrnatii c archi-
tectures for a radio transceiver system may tmnsfer real-
valued or complex-valued (I,Q) signal samples centered at a

nonzero intermediate frequency [IF).

[0066] A typical I,AN delii ers datn among multiple com-
puters. user ternunals or other demces in a building or struc-
ture Data are conununicated among the devices in addressed
packets. or fr uncs, tlmt are uidividually transmiued I'rom the
source device and delivered to the destination dmice. The
data packcL or fmnie, Iras a nuniber ol'data bits including bit
lields deiined for speciiic purposes accorduig to a protocol Ior
the LAN. A data packet may include bit fields fiir address
inl'ormatimi and a payload portion iiir tbc desired inl'onna-
tion. The address information includes for addressed pacl et
protocols like I.tlmmet a destination address associnted with
a destination device and a source address associated ivith a

source device. 'Ilie destination device retrieves any packets
from the transmission medium of tlm I.AN having its desti-
nation address and processes the packet's contents. The pay-
load portion of the data packet may itselfencapsulate a peel et
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foranotherprotocol, suchas fora lugher layerinthe ISO OSI
network orchitvcturi. In this misc. the destination device
would extract and process the payload portion accorduig to
the corresponding pmtocol. In this description. 'I',themet"
rel'crs to a protocol for packet-based conimunicaiion ui o

LAN. Tlie data pockets organized in accordance with an
I'thernct protocol are refi:rred to os Fthernet packets or Fth-
emet I'rames ond their contents are rcfi:rred oi as Ethernet
data.

[0067] I'he packet-based communication approach com-
monly used in LANs differs from the radio data uiteriare
protocols. For the packet-based conununication. the payload
portion of the pocket contains data for a destination device
associated u i dr the destinauon 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 usvr equip-
ments. In the CPRI protocol, for example, each of the AxC
containers in the user data portion of o single frame carries
signal oamplcs destined lior a parucular user equipment
[0068] The IliEL'02.3 Standard coinprises a roup of
specifications for LAN teclmology tlmt has evolved over
tlllic Thc II'IFF. 802.3-2002 Standard spccilies franws. or
packeis, havuig sizes betweeo 64 bytes aod 1518 bytes, pay-
load sizes between 4(i bytes and 1600 byxes, a destiimtion
address iield. o source address fidd and additiwml defined bit
fields. While the IL'L'F. 802.3 Standard lms not officiolly
adopted the tcnu "Ethernet*', it is widely considered an I-:th-

ernet protocol. In this description. the preferred LAN uses a

protocol in compliance with an IFEE 802.3 Standard. Alter-
natively, thc I AN may use miother packet-hosed conmiuni-
cotion teclmology.

[0069] A LAN may conunutucate withthe broader internet
vm a wide area network (WAN] or o metropolitan arwi net-
work (MAN] A WAN may cover distances of several lolo-
meters to thousands of inlometers, while a MAN moy cover
several kilometers The WAN or MAN includes rcaiiurces for
deliveruig data packets from elseivhere in the Internet to the

appropriate I.AN

[0070] Other netivork devices described herein include a

switch and a gateway. A switch functions to direct a data
packet to a I AN segment in tfie I AN based on tbi: destination
address of the data packet. I'or example, a su itch may have a

single input pod and multiple output ports, each output port in

comniuuication isitb o corresponding I,AN segment serving
venous destination devices. The switch mialyses the destina-
tion addresses of thc data packets to diroct the packets to the
appropnate output port Ior the corresponding I.AN segment
I'he destination device on the corresponding LAN seynent
moy dwn retrieve the appropriate packet~ A gateway func-
tions as a translator to permit interconununication between
different nenvork protocols. For example, a gateway may
provide protocol cwnvrsiwi of input data lmving a first pro-
tocol to provide output data having a second protocol that is
compatible with a destination device or nenvork.

[0071] I'ICi. 13 illustrates an example of a DAS tloit distrib-
utes cLem u:ithin a building or stnicnire from both radio net-
work, I.AN and Internet sources, in accordance with a pre-
ferred embodiment. In this example, the DAS includes tluee
RFs 208 mid three I,AN segments, in conimunicotion with
respective RL's 208. The REC 22 communicates ivith tire
radio access network (RAN] via lob interface 30, as described
above. Altcrnativcly, the RF(.'2 conununicatcs via head-end
antenna to the RAN. Iior the down lurk. the RL'C 22 provides
framing of the I Q siyia I samples. C6(M dote and SYN('ata

as described above. preferably in accordance with the CPRI
specification. Ilie RLiC 22 tmsnsfers the CPRI frames via a
('PRI inter('ace to t1m gateway 204. For distributing data I'rom

the internet, an Ethernet switch 2UU receives Internet tbsta

packets from a NLYN. WAN or other network service. The
data packet includes the dc st in at iim address associated with a
device in the LAN. Preferably, the LAN operates in accor-
dance with an I.thernet protocol, such as the IL'kl.: 8023
Standard, so that thc data packets comprise Fthcnmt franiea.
The Ethernet switch 200 directs the Ethernet frames to the
I,AN serving the building. 11ie Ethernet switch ZUO directs
the f theniet frames to respective switch ports 201 based on
the desunation addresses of corresponding LAN seynems.
The Fthernci switch 200 perliirms conicntioioil operatiims
for directing the Etheniet frames. however at least one of the
switch ports 201 is coupled by via the mv itch interface 202 to
the ateuay 204. In a conventiwiol LAN, ench switch port
201 would be connected directly to the corresponding LAN
scgnwnt 'The I',thernct sivitch 200 tronsfi:rs the dirccmd F th-

ernet I'rames to corresponding pons 203 of the gateuay 204
via the switch interface Z02. I'he switch interface 202 pref-
erably comprises a CibF, interface, such os 1000prasc-T For
this ex unple. the Ethernet switch 200 directs each Etliernei
frame to thc appropriate one of tluce switch ports 201 based
on thc desiination address oftbc Fthcniet frame Fach switch
port 201 is connected via the switch interface ZUZ. i.e. CibL'nterface,to a corresponding gateway pon 203 of the gatcss sy
204. The atev ay 204 recco es the Ethernet frmnes over tin ee
gatew oy ports 2U3. 1 he gateway 204 refmmes the data of the
received Fthernct frames in accordance with a radio data
uiterface protocol fiir transmission to the RLi 208 that is
associated with the destination LAN seynent. The Rl 208
uicludes a I.AN utter(Tace 322 that reconstructs the Ethernet
fbomes for transmission to the corresponding LAN seyuent,
as I'artier dcscribcd below The I.AN svgmcnt nmy bc uircdi
I,AN seyneut or wireless I,AN seynent served. Ibr example„

by o Wi-Fi access point.

[UU72] The gateway 2(14 receives both the I diemet frmne
troffic (c g. addressed packets I from the I'ithcnmt switch 200
and the CPRI frames from the RFC 22 Thc gateway 204
disa ssemb les the CPRI frames received from the Rk ('2 and
assembles mixed-data franies that accomimioate both the I Q
data mid the L'thernet data. In a preferred embodiment. the
gateway 204 applies the ('I'RI fimning pmtocol to mop the
I.Q data mid the Fthemct data into Ax('ontainers, as I'urtlmr

described belovi The gateway 204 distributes the mixed-data
frames to the corresponding Rks 208 vio respective shoto

tra wfer interfaces 206. The data transfer interface 206 pref-
erably compnses a (ibL'nterface. such as 1000Base-T. In
iuidition to tbe conventional futictions of fbe RF, 24 descnbeil
above. the RE 208 includes additional Iiuictions for separat-
ing the I.Q thsta from the Ethernet data and a LAN interface
322 for mimnnuncatmn uith tire I.AN sc ment. Fach RF 208
demultiplexes the AxC containers of the received mixed-data
I'ramcs and rccovcrs dw. I,Q siyial saniplcs mid tlm F thereat
data from respective Ax( containers. The RE 208 processes
the I.Q signal samples for transfer to Ui'I devices over the air
inter('acc, os descnbed above with respect to Flri 12 The RF,

208 reossembles the Iithemet lbaines for tr msfer to the cor-
responding I.AN scgnmnt, as described below.

[UU73] I'or the uplink. in addition to processing the I,Q
sivnal saniples of signals rcceivcd from the air interface, the
RLi 208 has additional fiuict iona for receiving Lithemet fmsmes

from the LAN seynent. The RE 208 nniltiplexes the I,Q
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signal samples and the L'thernet dots for transfer to the gate-
way 204. For an embodiment in accordance with the CPRI
spccilicstion. thc Rl', 208 maps thc I,Q dans mid tbc Ethernet
data to respective Ax('ontainers to form mixed-data fmmes
structured like CPRI fnmes. 'Ihe mixed-data frames are

transnutted via the data transfer uiterface 206 to the gatev, ay
204 The gateway 204 demultiplexes rife rccccived niixed-data
frames and scpnrates thc I.Q data I'rom the Ftlwrnet dnro Thc
gateway 204 reframes the AxC containers containing I,Q data
and the C:&M data to form cmnvntional C.'PRI frames. Thc

atev, ay 204 transfers the CPRI frames via the senal data hnk
26 to the REC 22. The REC 22 performs the usual processing
ol'he J,Q data os described above. The gatcivay 204
assembles the Ethernet frames for transfer to the Ethernet
switch 200 and ultimately for transfer to tin. Internet.

[0074] FIG. 14 is an embodiment ofdownlink fnnctions of
lhe gatceu ay 204 in comiminication with three RFs 208, cor-
responding to the example of 11G. 13. In a CPRI-based
embodiment for the downlink, the gateway 204 receives con-
venuonal CPRI irmnes from RL'C 22 via the senal data luck
Z6inaccordancewiththeCPRIspecification. The«FRlbasic
franws received by the dcfrmner (l&FR) 212 are fortnatted as
descnbed svith respect to FICi. 11. 11ie desertalizer (DES) 210
provides the line decoding for serial data interface Z6, includ-
uig 8b/10b decoding lo extract the data lluu Lsere Sb/10b
encoded. The deframer 212 extracts the I.Q dots from the
Ax('ontainers and tire C&M data I'rom tlhe contml uxirds of
the lr uncs. The defmmer 212 dmmiltiplexes the AxC con-
tainers to provide streams ofconsecutive baseband I,Q signul
samples ol'corresponding antenna-carriers to lhc mixed-data
framer 216 approprtate for the destination RE 208. The des-
tination RE 208 may support one or more mitenna-carriers.
Thc Flhcmet frame prcprocessor 218 recciivs thc dirac(cd
Ethernet frames from the respective gateuay ports 203 and
provides miy buffering or padding that may be needed for rate
conversion and provides tlw Flhemel data ui thc mixed-datu
framer Z16 for the corresponding RE 208. Each mixed-data
framer 216 maps tlw I Q signal an mp les and tlw F tlwrnet data
to the plumlity ofAxC containers to form a mixed-data frame
for the corresponding RL'08. 1he mixed-data frmner Z16
provides a sct of AxC containers provisioned for the I,Q
signal samples ofa corresponding antenna-carrier and o set of
Ax('ontainer for Ethernet data. The mixed-data fmmer 216
may include one or more siytal data bufiers to receive the I.Q
signal samples of the corresponding antenna-carriers. The
mixcxl-data lhamcr 216 mops tlw bnscband I,Q signal s;unples
to die subsets ofAxC containers assigned to the correspond-
ing antenna-carriers supported by the destination RE 208.
Tire mixcxi-data framer 216 nuiy include one or morc Ethernet
data bulfers to receive the Lithernet data correspondui to the
onc or noire I AN segnients connected to thc RF. 208 Tire
mixexi-dam framer 216 maps the Ethentet data to the selol'xC

containers assignsxI to the L'themet data for the corre-
sponding I,AN svvnwnt Tlhe gateway 204 includes o control
processor or CPU 214 tire( provides control parameters indi-
cating the container assignments to the respective mixed-data
I'rumors 216 Thc C:PU 214 receives lhc C:E'M data extracted
from the CPRI basic fia mes and prov ides extended ('&M data
to the respswtive mixed-dots franwrs 216 Tlw extended(.'&M
data may uiclude container assigtunent information for tire
Etliernet data as well as the I Q data. The system operatonnay
provide thc container provisioning information to the ( PI I

indicating, for example, the containers in the CPRI basic
frame allocated to the Ethernet data and ui LQ data, respec-

tively. The CPU may encode the provisioning infomiation
and other extended C'E.M inlomuition m lhc "venikir spe-
c iiic" portion ol the C& M dat i, as defined in the CPRI Speci-
fication, or to on unused, free or unallocated portion of the
riser'lalic

[0075] FICJ 15 illustrates an example of mapping I.Q data
and Lithernet data by the mixed-data framer 216. In this
example. the mixed-data fmmer maps the LQ signal samples
50 to the set ofAx( containers A('0-1 and AC'0-2 assigned to
the antenna-carrter AxC//0. The mixed-data frmner 208 maps
the I-Jthernet data 76 received fmm the 1)thernet frame pre-
pmcessor 218 to the set ofAxC containers ACI-I and AC1-2
assigned to L'thernet data. The multiplexer 78 interleaves the
AxCSO containers containing I,Q dale and Ax«61 containers
contauung Ethernet data ui alternating slots to fortn a

sequence of multiplexed contauiers, or a mixed-data AxC
container group 80 The basic frame fonuatter 82 lorms the
nuxed-dote frame having a munber ofmixed-data AxC con-
tainer groups 80 based on the linc rate 'The basic frame
liormat ter inserts the control inliormat ion ui the control word,
as described for the ('PRI basic frames. fhe C&M data moy
include any extended «&M dale in tire vendor-spccilic arcii.

The mixed-data frame includes both I.Q data and Iitlwrnei
data mapped to AxC containers and C&M data mopped to the
control word accordin lo tlic C'PRI proiocol for a basic
frame. The basic frame formatter 82 applies the CPRI frame
hiernrchy to the mixcvi-data frames, as described with respect
to FIG. 10.

[0076] la a preferred embodimen( the nuxcxl-data I'rames

are processed for transfer vio category 5 (Cat-5) unsluelded
twistcsI pair (I JTP) nwilim in accordance with the 100Biisv.-T

or 1000Base-T physimd layer described in the II i)!Ii Stan-
dards such as 802.3ob. The Cat-5 Uil'able transmits dots
over I'our unshielded twisted pairs of copper wire. The
1000Base-T physical layer processuig applies an encoding
scheme. referred to as four-dimensional trellis-coded 5-level
pulsv.-mnplitude modulaiiou (4D-PAM5). 1)ir transmitting
data over the Cat-5 Ull'edia. In the 4D-PAM5 encoding
schenim cack block of eiglu bits of input data is mapped to 4

symbols using 4-dimensional trellis mxliug Iiach svinbol is
selected from one of 5 amplimde volues [-2, -I, 0. I, 2],
refi:rred to as 5-level pulse amplitude modulation (PAM5).
The four symbols are tnnsmitted sinniltaneously on the four
nvistsxi pairs of the ('at-5 UI P media. 'lite 4D-PAM5 micod-

ing include~ scrmnbling that I'acilitatcs output D(. balmiiv.
and full duplex tnnsmission on all four twisted pairs, with
each pair pmviding o 250 Mbps full duplex transmission tksto

rate. In the preferred embodiment, the 4D-PAM5 encoder 84
is applied to the mixed-data frames having the CPRI frame
strticture instead of conventional Ftheniel friunes The
4D-PAM5 encoder 84 converts an 8-bit block of the of the
sequence mixed-data frames received from the basic frame
formatter 82 to o set of I'our PAM5 signals. Each svt of liiur
PAM5 signals is tronsnntted over the four data lures of the
Cal-5 IJTP media to deliver mixed-dnm fmmes at a rate ol'

Gbps over the data transfer interface 206 to the RF, 208

[0077] Referring to FRJ. I I, thi CPRI Spcviliaitmn indi-
cates applying the Sb/10b encoder 64 to the basic frames for
transmission oivr opticnl fiber media. such as (ibi:, Standard
1000Base-SX/LX, or slnelded twisted pmr (STP) copper
media 1000Base-CX. In the preferred embodunent using
IJTP copper nwdia, the 4D-PAM5 cncodcr 84 is applied tother
basic frames instead of Sb/10b encoding. The 1000Base-1
physical layer supports transmission of up to 100 meter,
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wluch is advantageous for ui-b&ulding applications. I'rans-

m&ss&o&1 o (el di s&al'Ic ca gi ci&tel il&au I OO II&( to&'s c'ill bc aceola"
phshw) by multiple IUOOBase-T links connected by conven-
tional I'Jtlmrnct repeaters.

[UU78] FIC&. 16 is an embodiment ofuplink conununication
functions ol'he gateway 204 connected u ith three RF ( 208,
corresponding to the example of IEG. 13. Mixed-data frames
from the RLs 208 are received via respsective data transfer
interfaces 206 Fach mixod-data deframcr (MDFR) 220
retneves the extended «8:M (E«8:M) data from the control
wordsofthemixed-dataframes The«PLJZI4detem&ines&he
container assignment parameters fmm 1he EC8.M data and
provides them to the MDI R Z2U. fhe MDFR 2ZO sepamtes
the svts of contanwrs I Q data m&d Fihernet data based on the
container ass&gmnents. The MDI'R 220 demult&plexes the
AxC containers to produce a stream of Ethernet data from the
sct of contau&ers corresponding to the LAN segment mul

streams of I,Q s&y&al smnples from the set of contauiers
corresponding to thc a(1muua.ca&Y&cls. Th('. MDFR 220 pr(u
v&des the I 1&barnet data to an input buffer of the I',&barnet frame
reconstructor 225. fl&e I.thernet frame reconstructor 226
res tores &bc co ni cnti on el F then&('1 fralrlc st& uc& 1&rc ui the F th-
en&et data to foun reconstructed data packets. The Ethernet
frame reconstructor 226 may remove any padding bits and
pcrfiirm any mte convers«m that may be necessary for trans-
fer of the reconstructed data packets via the switch interface
202. The rec on stnictcd data packets 'I'he MDF R 220 provides
the I.Q s& nal samples of the corresponding antenns-carriers
to an input buffer of tl&e framer 222. 11&e framer 222 maps the
I,Q signnl samples of corresponding antenna-carriers to cor-
responding sets of AxC containers us&ng the conventional
radio data interface protocol. Tire CPU 214 and provides the
collvclu&otlal ( PRI AxC cont &&&le& 11sslg&l&1'Icllts aud rg".M
data pertinent for the I,Q data framing. The framer 222 for-

mats tlm I.Q data m&d thc «8:M data received from the F'PIJ

214 to produce convent&onal CPRI basic Ihames, as descnbed
w&th respect to FIG. 11. Il&e serializer (SLR) 224 performs
gb/10b eimoding (i c block 64 ol'I«i 11) and other opera-
tions for tnuufernng the CPRI fr uncs v&a the senal data hnk
26 to the Rl)C 22.

[UU79] Fl(i. 17 is a block diayan& ofan embodiment of the
Rl', 208 of FIG. 13 For the downlink, thc RF 208 rcccivcs
mixed-data fmmes via the data tm&nsfer interface 206 from the
gateway ZU4. The mixed-data deframer (MDFR) 32U

rctricves ihe cxtcnded CkM (E«8(M) data I'roni the control
words of the mixed-data fmmes. The CPIJ 314 detenu&nes tile
container assignment parameters from the E«8:M data and
provides them to the MDI'R 320. The MDI'R 320 separates
the sets of containers containing I,Q data and L'themet data
has(ed on the contaiimr assigruuents The MDFR 320 dennil-
tiplexes the containers to pmduce a stream of Ethernet data
for the corresponding LAN segment and streams of I,Q signal
samplesofthccorrespondiug mtenna-carriers. Thol.QS&y»af
samples corresponding to the venous antenna-camera are
pu1ccsscd li&r transmission by the DIJC 161. DA(. 160 imd Tx
180. as descn bed above with respect to FICJ 12 The I ithernet
frame reconstructor 326 restores the conventional Ethernet
I'rame s&nictnre to the I',&hcrnet data The Fthernct frame
reconstructor 326 niay remove any padding bits and provide
m&y rate conversion ncccessary for transfer to thc correspond-
illy. I,AN scguicl11

[0080] For tlm rcvcive path, oruplink, front the I)Ed@vices.
the Rx 182, ADC 17U and DDC 171 form baseband I,Q signal
samples. Cs described with respect to Fl(J. IZ. The Ethernet

frame prepmcessor 318 receives the Ethernet frames front the
corresponding LAN segment and provides a buffer and any
padding that mav be needed for rntc conversion. The mixcd-
data framer (MFR) 316 may include buffers to receive the I,Q
signal samples and the Ethernet data. 11&e CPIJ 314 provides
the Axf. wmtainer assignments to tl&c MFR 316. The MFR
316 niaps the I,Q signal samples and the Lithernet data to
respective Ax«containers based on Ax« container assign-
ments Thc MFR 316 multiplcxes the Ax« container; having
the I.Q data. the AxC containers having the L'themet data and
inserts the E«8(M (L&ta in the control words, as deacnbed with
respect to FICJ. 15. The CPLJ 314 provides EC8:M data to the
nuxed-data framer 316. 11&e «PU 314 prov&des control of
other components o I'lm RF 204, as described u ith respect to
I'IG. 12. The LAN interlace 322 may include other conven-
t&onal components for communication with the correspond-
ing LAN segment.

[0081] FIG 18 illustrates an ovcrvicw of comnnmication
be&ueen RIC 22, gatssvay 204 and RE 208. The REC 22
conununicates with the gateway 2()4 across the serial data
link 26 using a conventional protoco I for I aver I and I eyer 2.
The translator block 250 of the gatev;ay ZU4 includes the
transition opemtions from the conventional protocol for
Layer I and Layer 2 to!from the mixed-data protocol, referred
to herein as "Layer IM" and "Layer 2M". For the downlink
fi&nctions of the translator block 25)), thc conventional down-
1&nk defrmner (Dl'R DL) 212 extracts I,Q data from conven-
uonal Cl'Rl frames and the dov,nlink mixed-data framer
(MI'R DI,) 216 combmes the I.Q data and Ethernet data to

form mixed-data fmmes. I or the upi uik functions of the trans-
lator block 250, tlm uplink inixed-data dcframer (MDFR UI.)
220 separaies the I Q data and the Ethernet data iu the nuxed-
data fmmes and the uplink conventional framer (I&R IJL) 222
restores the conventionnl pron&cols o I'I,ayer I and I.sycr 2 Ior
comnuuucations (sith the REC 22 and &he Ethernet switch
2()0 The communication between the gateway 204 nnd the
RF 208 u (vs the m& xcd-data protocols o f I.eyer I M m&d I eyer
2M for both the uplink and the downlink directions. At the RE
208 for thc downlink, the mixed-data dcframer (MDFR) 320
extracts the I.Q data from the m&xed-dais Irmncs li&r the air
interface and extmcts the L'themet data from the mixed-data
I'ranms I'or tlm I AN scgnwnt At the RF 208 for tlm up link, the
nuxed-data fm&mer (MFR) 316 combines the I Q data received
from the air interface and the k'thernet data received from the
I,AN segment io I'onn u&ixcxl-data fruncs I'or transl'cr to thc
gateway 204.

[0082] I'or a DAS topology uhere there are cascaded REs
(i.e. FIGS. 4, 5 and 6) or when multiple LAN segments
conncected to one RF.. su itchuig logic at an intern&ediatc RE
may route the L'thernet packets to the appropriate LAN seg-
n&ent or to tlm next (x&nnected RF:. FRJ. 19 illustrates m&

ex auple of conunuiucation between REC 22. galcwav 2I)4

and nvo RL's 209 and 211 connected in a chain topology. I.a ch
of thc RFS 209 m&d 211 has an air interl'acc and an associated
LAN segu&ent. The communim&tion liu&ciions ol RI &C 22 aud
gateway 204 (including translator block 250) perform as
described with respect to FICJ 18 Thc comnumication func-
t&ons of the RE 211 are as described for the RL'08 in I 1( L 18,
except that Rl', 211 is connectsxI to the intcmwdiate RE 2()9

uistead of the gateway 204. The uitennediate RE 209 recco es
and transmits mixed-data frames hav&ng I.Q data and Ether-
net outa with thc cate(say 204 via the data transfi:r interface
206 and (lith the second RL'08 via a second data transfer
interface 306 usuivg tl&e Layer IM and Layer 2M protocols
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described above. The u&tennediate RL& 209 includes switch-

u&g log&c 330 to direct the Lithemet data to the appmpriate
dcstinauons For the downlink at the intertnediatc Rll 209. &Im

do&vnlink mixed-data fmmer (MDFR DL) 332 extracts the
I.Q data and the Ethernet data from the mixed-data fmmes
rece&ved from the gateivay 204. The sw &tclnng logic 330 uses
tlm destination address inl'ortnation to direct the Fthenwt data
received from the MDFR DI, 332 to the I.AN segment
LAN81 or to the downlink &ufxed-data framer 334. For Eth-

ernet data recewed from the LAN&tl scen&ent. the sw&tclung

logic 330 direcu these Ftbernet data to the downlink n&ixcxf-

data framer (IVIFR DL) 334 or to the uplink mixed-data fmmer
(MFR UL) 338 based on the L'thernet address infom&ation.

For the downhnk to RE 208, the MI'R DL 334 comb&nes the

I.Q data rcccived from thc MDFR DL 332 aad the F&lmrnet

data received via the switching logic 330 to fom& mixed-data
frames. 'Ihe mixed-data fr&mes are tmnsnutted v&a the data
tr u&sfi:r interface 306 to the seuond RE 208 At the RE 208,
the MDFR 320 separates the I,Q dntn and Etlmmet data and
provides the Ethernet data to the I,AN»2 seg&rent and the I Q
data to the air u&terface f&2. I&or the uplink at the intermediate
RE 209. the MDFR UL 336 separates the I,Q data and the
Ftbernct data received from tlm RF 208 The suitclnng logic
330 directs the Ethernet data rece&v&xf from the ML&l'R UL
336 to the LAN&11 sequent or to the MVR UL 338 based the
Fthernct address information. Tlm MFR UI, 338 combines
the I.Q data received from the MDI'R UL 336 and the Ether-
net data received via the sivitclung logic 330 ul form mixed-
data franws fi&r transfer to thc gateway 204. At thc gateway
204, the translator block 250 prov&des the L&thernet data to the
Ethernet switch Z00 and the I,Q data ul the RE('Z.
[0083] FIG. 20 illustrates an example of a DAS topology
having cascaded Rlw and multiple I.AN scgmcngs The RF.

208 conunumcates ivith the gate&&ay 204. as descrtbed w&th

respect to FI(i 18 The RFS 209 and 211 communicate as
described with respect &o FI(i 19. Tbe RF. 310 includes
switching logic 340 to direct tl&e Ethernet data mnong the
multiple I,AN segments. I'hc switching logic 340 directs the
Fthen&et data retrtevcd from m&xed data frames to theappro-
priate LAN segment based on the Ethernet address informa-
tion. The RFs 209 and 310 each include m& I',thernct frame
reconstructor 326 and Lthernet frame preprocessor 318, as
described with respect to FI(i. 17 For the do&vnlink, the
sivitcbing logic 330 and 340 n&ay rcccivc rccimstrt&cted Fth-
ernet fbames desnned for the correspond&ng LAN segments
from respective Ethernet frame reconstructors 326 For the
uplink, the switclung lo ic 330 and 340 may provide Ether&et
frames received from the corresponding LAN segvments to
rcspectivc Fthernet frmue prL7rocessors~318

[0084] ( omprcssion of'the I Q signal samples can increase
&he mipac&ty of the data transl'er interfaces 206 and 306 to
carry more chsta from the m&tmma-carrier sources as well as
I'rom the I,AN sources a&xf Internet sources Tlm increased
datn transfer capnc&ty cm& allow the 1000Base-T links. for
exmnple, to carry data in compressed fom& at a rate 81st is
elfcctivcly grcntcr than I Cibps. Thc commonly onncxf US
patent application, application Ser. No. 12/124,832, entitled
"(.'Ompression ofBascband Signals in Base I'ransceiver Sys-
tems," filed May 21. 2008, describes algortthms for compres-
sion m&d decompression of basebm&d I.Q signal samples in
base transceiver systems. The compression methods
descnbed here&n adapt those al ontluns for compressing I Q
signal samples for mixed-data frames.

[0085] I'IG. 21 &s 0 block diagram of a RE that applies
compression and decompress&on to the baseband I.Q s&y&al

smnplcs. m acm&rdancc with a prcfcrrcxf mnbodimcnt For the
do&vnlink or transmit path. the RF 408 receives n&ixed-data

frames having compressed LQ outa in AxC containers for
corresponding m&tenne-carriers and I)tbLn&ct LL&ul for tl'Ic

LAN segment &n corresponding AxC cilnta&ners. The mixed-
data deframer 320 separates the compressed I,Q data of cor-
responding antenna-cartic&s and tlm Ftbemct datn based on
the AxC container ass&g&uueuts as described with respect to
FI(i. 17. Each deecompressor 420i decompresses the com-
pressed sunples of 1he correspond&ng m&tenne-carrter 1o

reconstruct the baseband I,Q signal saiuples. The dig&tal

upconver&er (DUC') 161, DA('60 m&d Tx 180 apply the
convent&onal sequence ofoperat&ons to the decompressed I.Q
signal san&pica for trauslu1ssion v&ai 1hc ail&caus 155. as
de~scribed with respect to FIG 12 F(ir tbe upi&nk or receive
path. the rece&ver 182 receives the RI'ignal and the ADC 170
digitixes tlm received signal to produce a digital signal that
represents chnnnel&xed s&gnal data The d&gital downcon-
verter (DD(') 171 downconverts each channel to form base-
band I Q signal Samples o I'he

co rrcspotxfing m&tenna-carrier.
The compressor 430i compresses the baseband I,Q signal
samples to produce compressed I,Q signal samples The com-

pressor 430i may fi&m& co&nprcsscxf data packets containing a

number of compressed I.Q signal samples and an opt&onal
coiuprcss&01'I hcailLr. I bL. coiupressiou bLaili'.r riuiv'o&it&&in

compression parameters or other u&format&on useful for
decompressing the compressed I,Q signal samples in one or
n&orc coa&prcsscxf data packets. Thc mixed-data franwr 316
maps the compressed data packets to AxC contau&ers provi-
sioned for I.Q thsta. The mixed-data framer 316 multiplexes
the AxC containers having compressed I.Q data md theAxr'ontau&ersha~ing the Ethernet data m&d inserts the EC&9M

data in thc control words to fiinu mixed-data I'ranms

[0086] FI(i 22 illustrates an example of mapping com-
pressed I.Q da&a and Iitheme& data by the mixed-data framer
316. The compressed data packet 450 includes the com-
pressed I,Q signal samples and m& optional compression
header Them&xed-data Irmner316mapsthecompresscddata
packets 450 to tl&e set of Ax('ontainers A('0-1 and AC0-Z
and thc Fthen&ct data 76 to the set ofAx('ontainers A( 1-1

and AC 1-2. The multiplexer 78 interleaves the AxC contain-
ers to fom& the Ax('ontainer group 454. The basic frame
li&rmattcr 82 li&m&s thc mixed-data frame Tlm 4D-PAM5
encoder 84 encodes the mixed-data frames for transmission
as described with respect to H(i 15.

[0087] In alternauve architecmres, tl&e gateway or the REC
mav provide compress&on o I'I,Q signal samples fi&r tran sf& r to

the RL'08 and decompress&on of compressed I,Q s&gnal

samples rccceived from tlm Rli 408 FI(i 23 illustrates m&

ex unple ol'a gateway 404 that includes ciuupl'Pss&on &11 thc
downlinl functions. In tlds example, the RE( 22 1&as per-
forn&LSI thc conventional operations to provide tlm basclvand

I.Q signal samples to the guten way 404 in the format descrtbed
with respect to FI(i. 11. The deframer 212 extracts thc I,Q
data from &he Ax('ontainers ol'corrcspondin an&ca&ui-car-

riers dest&ned for the d&fferent REs 408, as described with
respect to Fl(i. 14. The defmmer 212 provides the I,Q signal
smnples desnned for the RE 408 to the compressor 410i. The
compressor 41(li compresses of LQ signal samples of corre-
sponding anmnna-carriers for the RI'I 408 to fom& compressed
I.Q data packets. The m&xed-data framer 216 maps the com-
pressed I,Q data and Ethernet data to respective AxC contain-
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ers and formats the basic fmmes as described with respect to
FKi 22 Thc mixed-data frames are transmittcdl to the RF 408
via the chits transfer interface 206. At the RE 408, the mixed-
data deframer 320 separate~ the compressed I.Q data and the
Fthernet data The dccomprassors 420i reconstruct the base-
band I,Q signal samples of the corresponding antemm-cam-
era, as described with respect to FKi 21

[0088] I'IG. 24 illustrates an example of Ute gate~ay 404
thnt includes decompression in tlm uplink communicntion
functions. Thc gatcwny 404 receives mixed-data frames hav-
ui compressed I,Q data and Ethernet data in respective AxC
containers providid by the RFs 408. Fsch mixed-data
del'r nner (MDFR) 220 s spurn tea the compressed I,Q data and
the L'themet data as described v,ith respect to FKi. 16. The
Ml?FR 220 provides the compressed I Q data packets of onc
or more corresponding antenna-carriers to each decompres-
snr 44(ii. The decompressor 440i dmompresses the com-
prcsscd I.Q signal smnplcs ol'hc corresponding nntmmn-
carriers to pmduce corresponding streams of decompressed
I,Q signnl samples to the framer 222. The frmner 222 formats
the decompressed I.Q signal smnples of correspondin
antenna-carriers along with the CkM data to produce ciill-
ventional CPRI basic frmiies. as described with respect to
11G. 11. The ser«dizer (SLiR) 224 performs gb/10b encodin
for transferring the CPRI frmnes via the serial data link 26 to
the RIIC 22.

[0089] FKi. 23 is an example of a RBC 422 that includes
compression and decompression of bnseband I,Q signal
samples. Iior tlus architecture. the gateway 204 operates as
described vvith respect to FICiS. 14 and 16, except that the
AxC containers cnrry compressed I Q data instead ofuncom-
pressed LQ data. In the example of FIG. 25. there are four
channels of bascbmid I.Q signal samples representing four
antenna-camera. I'or the doivnlink or trutsnut path. each
compressor 460i in the REC 422 compresses a stream of
baseband I.Q signal samples provided by thc brisvlmnd pro-
cessor 110 to form compressed I Q signal samples The com-
pressor 46tli may fomiat the compressed I.Q signal samples
in«i compressed data pnckeis having a colilpl'essloll lie«idol;

as described above. The nui It iplexer 120 multip faxes the

compr-

essedvd chats packets frimi the conipressors 460i into n serial
data stre mt for transli:r over the serial datn link 26 to the

gateway 2U4. In a preferred mnbodiment, the multiplexer 12U

maps the compressed data packets in accordmice with thc
CVRI specification.

[0090] FKi 26illustrntesthemappingandnniltiplcxingof
the compressed data packets Compressed data packets 450
corresponding to antenna-carrier Ax('nrU are mapped tn the
sct of Ax( containers A('0-1 and A('0-2 Compressixl data
packets 453 corresponding to antenna-carrier AxCirf are

mapped to the set ofAx('ontainers A('1-1 and AC I -2. The
multiplaxcr 58 interlcaims the Ax('oruiriners to frinn tbc
AxC container youp 457. The basic frame formatter 62 pm-
duces conventional ('PRI basic frames having compressed
I,Q signal samples ui the AxC contauiers instead of uncom-
pressed I.Q signal samples. 1he gb/10b encoder 64 encndes
the basic I'r uncs for transfer over the serial data luik 26 to the
gateway 204. The gateway 204 performs the operations
described with respect to FKI. 14 to refiume the compressed
I.Q signal samples in mixed-data Ibm«as liir truisfer to
respective RLis 408.

[0091] Rctuming to FKi 25, for thc upi ink or receive path.
gatev,ay 204 receives compressed I.Q data in the AxC con-
tainers of mixed data frames from the RFs 208. The gateway

204 reframes the compressed I,Q sigr«sl samples of the
mixed-data frames into convcntioiuil frames I'or trmisli:r to
the REC 422 At the REC 422. the demultiplexer 141 demul-
tipl exes tlmAx( containers tn provide streams ofcompressed
I.Q datii packs is 0 I c(it'mspoiirlllig aii terata.crmllexs to rcspem
tive decompressors 47Ui. Each decompressor 470i recon-
stnicts the corresponding I,Q signal samples prior to thc
normal operations by the bnsebmid processor 110.

[0092] The comprcssors 410r. 430i and 460i liiav (ilgalllzc
the coinpresscd smnplrn into compressed data packets com-
pauble ivith the CPRI, OBSAI or another protocol. The com-
pressed data pnckets represent compressed I and Q samples.
The order of the comp re su wf smnp les may be scxfuent taf inter-
laced compressed I and Q samples, i.e. (I, Q, Ii Qc... Iv Qs,).
Altcrnntiimly, the order of thc compressed I nnd Q samples

may have blocks ofcompressed I samples followed by blocks
ofcompressedQ samples. i e. (I, I .. IvQi Q «Qv) 'I'lie

comprcssors 410i, 430i mid 460r opcratc on blocks ol'on-
secutive I,Q signal samples of a corresponding AxC having a

lmigth of BI.OCK SI/E to form a compressed chits packet.

[0093] A useliil BI.OCK SIZII is 192. although other
block sizes can be used. I'he block size of 192 samples pro-
vides for simple drrubfc-buffered input blocks for Iield pro-
gmnunable gate arrays (FVGA). A smaller block size, such as
4 to 8 samples, can be implemmited to meet the more stringent
latency requirements of the CPRI or OBSAI specification. To

meet a latency specification, the block size rn samples should
span n time period that is less thrm ur equal to balf thc allov;-
able latency penod. Tlus assumes that half of the latency is
consumed for compression and the other lmif for decompres-
sirm For example. the CPRI spemfimition uidicates an

allowa.-

blee latency period of 5 gsec. Tor the U TEA-FDD srytal
fitrmat fr«sing one sample per chip at a chip rate o I'3.84 MH/,
the allo~able latency of 5 psec, spans about 19 sample uiter-
val s. A block size of 4 samples will have a latency period of 8

smnplc intcrvnls v hmh is ivell ivithin the allownblc latency
period for CPRI.

[0094] The compressors 41Ui. 43Ui and 460i may include a

compression header ui. one or more of the compressed data
packets. The compression header portion has a defined
lcngtl« for instance 16 bits Altcmatively, thc comprcssmn
header information can placed ui overhead fields of the CPRI,
OBSAI or otlmr pmtocol. In mi nltemative for ('PRI, com-
pression header usliirmatirm mm be encoded in stulling bins of
the basic frame. In an alternatwe for OBSAI, compression
header infiirmation can be encoded using unused codes of an

OBSAI mes«age's TYPE field The dcecompressrirs 420i, 440i
and 470i use the compression header information to deter-
mine control parmncters I'or decompression mid to estnblish
compressed data packet synchronization. The decompressors
420r, 440r and 470r reconstruct the sequence of I,Q signal
smnples in thc I and Q smnple order, byte order and rlata
format specified by the ('I'Rl. 0BSAI or other protocol. ('n-
trol words or messages used by CPRI, OBSAI or otlmr pro-
tocol are not compressed.

[t)t)95] When the baseband signals are oversampled, com-

pression rcduccs ihc redundancy and improves dntn transfi:r
efTiciency. Oversampling is indicated when the number of
samples per symbol or chip is greater thnn one. Tlm oven am-
plin ratio is the ratio of the sample mate to the symbol rate or
chip rate. When the oversampling mtio is greater than one, the
sivnal is ovcrsmnpled. For example, the ('PRI standm d speci-
fies samplin the received analog signal with un oversam-
pluivg ratio 2 or 4 samples per cliip for the UTR.MFDD uplink.
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[0096] In many cases, lossy compress&on cun be appl&ed to
the signal samples u bile muintaining systmu qual ay metric~
For lossless compression, the decompressed s&gnat samples
are identical to the original signal samples. For lossy com-
pressim&, the dcc(m&pressed signal samphm arc approxiina-
tions of the orig&nal signal samples. System quality metrics
typically include composite ermr vector magnitude (cE& (M),

pmik code domain error (PCDF), spectral amiss&ons mask
(SEM), adtacent channel leakage ratio (AL('R), bit error rate
(BFR) andblockem&rrate(BI,FR) Tlmoversamplingand/or
sample u&dths of the sip&al samples may be greater than
necessary to meet system requirements for sibr»al quality.
Lossy compress&on can provide a greater reduct&on &n data
tmnsfer capacity wlu le the imponant metrics of s&y&at q&mhty
are prcscrved
[0097] Alternat&ves for compression appl&cable to base-
bm&d I Q signal samples include block tlo sting pou&t encoding
and co&nputing first or higher order derive(ives ol'tbe signal
smnples fol lou ed by block float&ng point encod&ng. Iiutfman
or other types of encoding can be alternatives to block floating
pou&t encod&ng. For signal samples that arc b unpled at o&m

sample per clup or symbol. the preferred method is block
floatinn point encoding of tlm signal samples. Tlm block
floatmg point encoding &s appl&ed to Ihe I s unples and, &nde-

pendm&tly, to the Q samples, to form the con&presscxt samples.
[0098] Tlm prcfcrrcxt block floating poiiu encodit&g bus thc
fi)liow u& steps for BI OCK SIZE samples. each BLOCK
SI/I') divided into groups of N group samples, where S is the
original number of bits per sample.
[Ot)99] For the first grroup of samples:

[0100] l)Detcrminetheexponent(basc2)l'orthesmnple
tv it h the maximum maanitude, such as by c at cut atu&g the

logs of the maxinum& nmgnitude. 11&is indicates the
nun&bcr of hits pcr encoded sample in tlm croup. or
n exp(0).

[UIU1J 2) Absolute encode the exponent n exp(0) of the
first group using S b&ts.

[0102J 3) Encode the N croup samples usin n exp(0)
bits pcr sample.

[0103] 4) I'or the i's group of N goop samples
[0104] 6) Determine the i'" expiment (base 2) for the

wimple with the maximum n&agnitudc, which indimites
the number ofbits per encoded sample in the i" group, or
n cxp(l):

[0105J 6) DifTerentially encode the im exponent by sub-
tracting n exp(i) from n exp (i-I ) to detem&ine the hrst
token u& the im group ofencoded samples.

[0106] 7) L'ncodc thc im group ofN~roup s&m&plea using
n exp(&) bits per sample.

[0107] For the lirst group ol'b unples intheBI.OCK SIZ)1

sumplesr the exponent n exp(0) &s absolute encoded. I'or
example, the exponent u exp(0) can be encoded trna fi)llows,
&vhere S is Ihe omgu&al number of b&ts per sample.

«)(x
b) I

7

2! etc niinl x — I

a xp(i!)=bi,ills amnp& «lneaare«eic)
n mp((l) = 12 b (a per s«(np&e)

n exp((l) = ) I&bi(aper&i)rip&e)
n exp(il) = S (S I (spersample)

[0108] For the i" group. the exponent n exp(i) is differen-
tially encoded using a prefix coda, where no codeword is the
prefix ofanother co deword. 1 he preferred d&fferentia1 encod-
ing is as follows:

[0109] I) Calculate d&fference: e diff n exp(i)-n exp(i-
I)
[0110] 2) Encodcc d&lTas fblhiws:

«) (I

bl ui&

c) 1&n

d) &(in 1

ci 11&o

I'i eIc

e diff=a( I
— e!i — I)

e ditf =+I
e diff=-1
e iitf=+2
c diff'=-2

[0111J Another compression alternat&ve for baseband sig-
nal sa&nplms is calculatu&g di fl'crencms fi) fl(&wed by encoding.
Calculating first or lugher order d&fferences of the s&gnat

smnples can result in diff'erence samples having smaller nmg-
ni(udes th u& Ihc original signal smnplas Fncoding the d&ffer-

ence samples can result in @eater compression than encod&n
thc samples themselves. t alculating tlm differences of con-
secut&ve samples in each BI.OCK SIZI. number ol'amples
is followixt by block floating point encoding of the difference
smuplesr tws dcscribcxt alx&vc. Altcnmtivcly, Hulliuan encod-
ing or other encoding cao be apphed to the d&ITerence

samples

[0112] ('ompression can also include reducing the ampli-
tudes ol signal smnples. This is a form of lossy compression.
Attenuating the simml samples by an attenuation factor
reduces tlm effective smnple width I'he anenuatcd signnl
smnples can be encoded by block tioatinu, po&nt or other
encoding. Alternatively, the first or finger order differences
of the attemuued signal samples can be mdculated poor to

encod&ng. I&or decompress&on. the amphtudes of the decom-
presscdl sump h:s can be increased by thc invcrsc ol'ihc attenu-
ation to restore the onginal sample v, idth.

[U113] The optim&un compression for the I«Q sig&ual

smnples that meets system qual&ty requiremen(s for the DAS
can be determined u& advance by the system opemator, The
compression control pammeters for the various types of sig-
nals cao. be determined by test&ug alternat&ves on s&mutated or
actual I,Q signal samples. Compression control parameters
may bc based on thc modulation type, smnplc mtc (or over-

sumphng ratio). bandwidth and sample w&dth. Compress&on
control paranwters nmy select lossless or lossy cim&pression.
For &nsitmce, selcctiu anat&anus(&on parmuetcr ti)rrcxtucing
the amplitudes of the s&gnat samples u ill result in lossy com-
press&on.

[0114] I'IG.27showsablockd&agrmnofanembodm&entof
the compressors 410i, 43Ui or 460i for the RE 4UU, gateway
404 or REC 422. respectively Thc input signal smnplcs nre
pmvided by the DDC 171. the DFR 212 or the baseband
processor 110 to tlm compressor 410i/430i/460i For lossy
compression, the attenuator480 reduces the umphtudesof the
signal snmples by an attenuation factor tlmt may be provided
by tbc comprcssim& con(roller 486 The diffi:rcncc operator
482 calculates first diflerences or higher order di ITerences of
the attenuated signal samples. Alternatively, for loss less com-

pression, the ditTcrence operaior 482 may be applied directly
to the input s&gnat san&plea. bypassing the attenuator 480. The
m&ceder 484 nu&y perfi)nn block tloating point encoding or
other encodu&g as descmbed above. The encoder 484 packs
the compressed samples along with compress&on header
information to form compressed data packets provided to the
mmed-data framers (Ml'R) 316/216 or mux 120. The com-
pression controller 486 provides control pammeters for the
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attenuator 480. difference operator 482 and encoder 484. The
control parameter. for the dilference operator 482 cmi select
first, second or lugher order dilferences, or bypass the ddfer-
mice operations. Thc control parameter for the enmxler 484
'n indi step'rametcr. I'or the bl( ck fioitmgpoint en oder.

such as tire initial number of bits per sample S, the group size
and BI,OCR SI/E Tlm compression controller 486 may
calculate compression control parnmeters based on uiliinnn-
tion provided by the system operator or the compression
ramtrol paranietcrs niay be input to tlm compression control-
ler 486. The compression controller operations may be imple-
mented in the CVLIs 314, 214 or 1ZZ of the RL'U8, gateway
404 or REC 422, respectively.

[0115] FICi 28 shows a block diagrmn ofan crnbodimentol'he

decompressors 410i. 430i or 470i Ior the RE 408. gateway
4U4 or RFC 4ZZ, respectively. 'lite decoder 492 inverts the
operntions of the encoder 482 to foun dccodcd samples. For
exiuuple, the decoder 492 performs blocl fioating point
decoding. Huffman decoding or otlmr decoding. The intcgm-
tion operator 494 adds the decoded dilference samples to
invert the first or higher order differencing performed for
compression Ifdiffi rmicing was not pcrliinucd lorcompres-
sion. the integration operator 494 would be bypassed The
mnplifier 498 increases the mnplitudes of thc decompressed
smnplcs by the immrsc of tlm attemmtion I'actor to restore thc
original sample width. If the attenuation was not performed
for compression, the amplifier 498 would be bypassed The
decompression controller 496 provides control pammeters to
the decoder 492. integrat«in operator 494 mid amplifier 498.
Thc 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 unplemented using a

modular architecture, including modules for the mixed-date
framer 216, mixed-data defrmner 220. CPLI 214, senalizer
224. desvrializer 210, framer 222. deframcr 212. Ethernet
I'rame preprocessor 218 md Iithemet I'rame reconstructor
226. The gatev, ay 4U4 includes modules for compressors 410i
mid dkvomprcssors 440i in addition to thc niodulcs of gnte-
way 204 Tlwse imxlules may lbc implemented using onc or
more progmnunable processors, application specitic inte-
grated circuits (ASIC). a system-on-chip (SoC) architecture
ol' Coillblllattoll iif tllese wltll Suppiirtlilg lllenliilv logically
and)or physically configur«I for fmming and buffering the
data being process«xi Programmablc processors include soft-
wareifirnm are pro grmnma hie processors such as computers,
digital signal processors (DSP), microprocessors (including
microcontrollers) and other progranunable devices, and hard-
ware progrmnnmble devices such as complex progmnunable
lo ic devices (CPI,D), Iield programmnblc gate nrrays
(I'PCrA) or progranmiable array loyc. Depending on the type
of progranunable processor, the program implementing the
n«idule's operations are represented by softwnre. Iirmwarc,
netlist. bitstream or other type of processor executable
instructions and data The modules for tlm conventional radio
data interliace liinctions, such as the serializer 224. desenal-
izer 21(l, fmmer 222 and defimner 212 are conunercially
available as intellectual property (IP) cores Iior FPCiA. ASIC
and SoC arclutectures.

[0117] The REs 208, 209. 211 mid 310 may also be imple-
mented using a modular architecture. including modules for
the mixed-data franwr 316, mixed-data deframcr 320. ( Pll
314. Lithernet frame preprocessor 218 and L'thernet frame
reconstructor 226. as described for tire gateway Z04. The RE

408 includes modules for compressors 430i and decompres-
sors 420i in additiim to the modules i)I'Rl',s 208, 209, 211 and
310. as descitbwi for the gateway 404. These modules may be
interfaced with the modules implmnenting the mmvcntionnl
digital processing functions of the DI)C 161 or DDC 171. as
described with respect to FIGS. 17 and Zl. Modules for the
conventional DIJC 161 and l)IX 171 are conmmrcially avail-
able as intellectual pmperty (IP) cores for FPGA, ASIC nnd
Soy architectures. Implmnentations of compression or
dccompressiiili can be pcrlitrmcd in real tinm, that is, at leasi
as fast as the sample rate of the ADC or DAC.

[0118] While the prel'erred embodiments of the inventmn
have been illustrated and described, it will be clear that the
invmition is noi limited to these cmbodimcnts only Numer-
ous modilicatimis, cluinges, variations. substitutions and
equivalents will be apparent to tlxise skilled in the art, without
departing from the spirit mid scope of tlm invention. as
described in the claims.

Wc cla1111:

I In a distributed antenna system (DAS) that includes nt

least one radio equipment (RL'), a method ofdata distnbution
in the DAS and a local area network (LAN) in proximity with
thc DAS. wherein thc dam include signal samples from a

r«lio equipment controller (REC) and data packets from a
svvitch, wherein the data packets are destined fiir one or more
I,AN segments ol'lm I AN, wherein each data packet cmi-
tauis a plumlity of data bits organized ui accordmice with a

I.AN protocol used by the I.AN, the data packet including an
address information assoc«ited with a destination device of a

corresponding LAN segment. v herein each signal sample
corresponds to an antenna-carrier, mich RF, including a digital
upconverter (DUC) ands digital to analog converter (DAC) to
process the siyia1 samples ofone or more antenna-carriers for
trailsllilssliin via all iilltelillm tile liletlliiii Conlpitsulg:

receiving ooe or more ~ treanis ol the data packets at a

gatevi ay from the switch. wherein the stream of the data
pnckets dcsuncd liir the corresponding I,AN segnwnt
me received over a yven ateway port. wherein the

corresponding I.AN segment is cu upi'o wmimunicate
v'ith a corresponding RF„

receiving the signal am«plea I'rom thc RF(. at the onto«say,
wherein tire signal samples are organized in one or nmre
radio dntn frames having a frame structure in accordance
ivith a radio data interface pmtocol. the frame strucnire
including a user data portion and a control infomiation
portion, the user data portimi mcluding a plurnlity of
contmners, v;herein the containers are assigned to cor-

responding antenna-carriers of the corresponding RI:,
v'herein a given container uicludes one or more of the
siyial samples of the corresponding antemm-carrier:

mappuig the ihta packets mid the signal samples for the
corresponding Ri', to one or more mtxwI-data lr uncs, the
nuxed-data frames having the frame structure in accor-
dance with the radio data interl'ace protocol. wlmrein a

first set ofcontainers ui a user data portion of the mixed-
data frame contains the churn bits of the data packets for
the corresponding I.AN svgnwnt mid a second set of
containers in the user data portioo of the mixed-data
fratnc contains the siyial samples of the corresponding
mitennii-cnrrier.

transnutting the mixed-data frume over a data transfer
interface to the corresponding RLb

receiving the mixed-data fmmeat the corresponding RE;
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retneving the &L&ta b&ts and the siy&ai samples from the
mixed-dura frame, wherein thc data bits for thc corre-
spond&ng LkN sekuuent are retneved from the first set of
containers in tlm mixed-data frame and thc signal
samples of tlm corresponding antenna-carrier are
retneved from the second set ofconta&ners in the mixed-
datn frame:

formattu&g the data b&ts u&to one or more reconstn&cted data
pnckets in accordance with tlm LAN pmtocol fi&r trans-
n&ission to tbc correspo&»ling I.AN scgnicnt: and

provid&ng the siy&a I samples of the corres pond u&g antenna-
carrier to tlm DTIC nt &hc correspondmg Rli

2. The method of claim 1. wherein sa&d mapping the data
packets and the signal samples further comprises:

mappmg the data bits ol the data packets to &he lirst set of
containers assigned to the corresponding LAN segment;

mapping thc signal samples to the second set of containers
assigned to the correspond&ng antenna-carrier; und

mul tip l exing the containers of the li rat set a&xi &he second
set to firm a sequence of mult&plexed contau&ers for
the user data portion of the mixed-data frame.

3. Tl&e method of claun 1, v.herein s ud recco &ng one or
more streams of the data packets further comprises:

extracting tbe data bits fnlm thc data packc& fiir the corre-
sponding LAN segment. wherein said rece&ving the sig-
nal samples furtlmr comprises:

extracting the s&gnal samples from the set of conte&ners of
the radio data franm fi&r the corresponding antenna-car-
rier

4. The method of claun 1. wherein a plural&ty of LAN
augments is c&mplcd to communicate w ilb the corr&u&ponding

RF „wherein the first set of conte u&ers in the mixed-data frame
comprises a first plurality of subsets. further comprising:

&&as&~h&g each subset of &he lirst pluu&l&ty of subsets to a

correspond&ng one of the plurality of LAN segments,
wherein said mapping the data packets and thc signal
usmples further composes mapp&ng the data b&ts of the
data packets destined fi&r the corresponding I AN seg-
nient lo a corresponding subset in &he lirst pluralityol'ubsets.

5. Thc method ol'lauu 1. wherein a plunihty ol',AN
segments &s coupled to commumcate v, ith the correspond&n
RL', fiuther compnsing:

assigning the first set of containers to the corresponding
RF„whcrcin said mapping thc data packets and the sig-
nal samples further composes mappu& the datn bits of
the data packets destined for the plurality of LAN seg-
ments to the lirst set

6. 'Ihc method of claim I, wfmrcin the signal smnples of a

plurality of antenna-camera are destu&ed for the correspond-
ing RL', wherein the second set of containers in the mixed-
da&a franc corn&prises a second plurality ol'ubsets. Iiinher
con&pl'lsnlg;

ass&y&ing each subset of the second plundity of subsets to
a corresponding one of the plurality ofantenna-carriers,
wlmrein said mapping thc data packets and the signal
samples Iiirther composes mapping the s&gnal samples
of the corresponding antenna-carrier to a corresponding
subset in the second pluralitv ol'subscts

7 Tbc method of claim 2, wherein said retrieving thc data
b&ts and the signal samples from the m&xed-data frame fi&rther

comprises:

denu&ltiplexing the sequence of mult&plexed coats&ners of
the mixed-data I'rmne to &»para&a the iirst set ore&»&tain-

ers and the second set of conte&ners:

retriev&ng the data bits from tbe first set of containers for
said formattinv the data bits, nnd

retrieving tlm signnl samples from the second sct ol'on-
ta&ners for sa&d provi&bng the s&g»ai samples to the DUC.

8. The method of cia&m 5. v;herein sa&d retneving tbe data
bits and the signal samples from tl&e mixed-data frame funher
conlprlscs:

retnevu&g the data b&ts from the first set ofcontainers of the
mixed-data frame to a Rfi data buffer, where&n theRL'ata

butTer stores tbe datn bits Ibr the plurality LAN
segments; whereu& sa&d formatting the data bits further

cutup fl scs

'appingthe data bits from the RE data buffer to the recon-
structed data packet. wherein the reconstn&cted data
packet includes the address information in accordance
w&th the LAN protocol: and

directing the reconstn&cted data packet to a corresponding
one of the plurality LAN seen&eats based on the address
nlfornlu&t&on.

&& The method of claim l. Iiurthcr comprisinv.

at tl&e gateway, compressing the signal samples to fom&

compressed signal sumples. &&herein said mapping the
da&a packet and the siunal samples husker n»npnses
mappinv the compressed signal sa&»plea of the corre-

spondmg mltmma-carrier to & 1m a&mond set ofcontainers,
wherein at the RL'. said retneving the data bits and the
signal samples from the mixed-dnta frmne retrieves tlm
compressed s&y&al samples from the second set of con-
tu&ners; and

at the RF„dcmompressu&g the compressed signal samples lo

form decompressed s&gnal samples, v,herein said pro-
viding thc signal smnplcs provides d&e decompressed
signal samples to the DUC.

10 The method of claim I, wherein the signal samples
trm&smiued from the RFC are compressced signal uiinplcs,
wherein at the gateway, said receiving the signai samples
receives the m&mprcssed signal samples in the mdio dnta
liame, &&here&n said mapping the da&a p wkets and the signal
samples comprises mapping the compressed siy&al samples
of the corresponding antcnnn-cmricr to the second sct of
containers,

where &n

at the RLL su&d retnev ing the data bits and

the signal samples retrieves the compressed signal samples
Ilo»1 thc scen&id &u& of containcru tlm method I'urthcr com-
pris&ng at the Rkk

decompressing the cmnpressed samples to form dcccom-

pressed signal samples. wherein said pro~iding the sig-
iml samples provides the devon&pressed signai samples
io ihc DUC

11. The method ofclaim 1. v, herein the DAS includes a first
RF. Coupl&xi to the gateway by thc data transfi.'r in&crl'ac&." and
a second RL'oupled to fi&e lirst RF by a seco&»l data transfer
interface, wherein at tlm gateway said mapping produces the
m&xcdl-data frame li&rther including a third set ol'containers
and a fourth set of conta&ners. wherein the third set of con-
tainers contains of the dnta bits destined for a second I.AN
leg»en& in commumcanon w&th the second RF and the fourfil
set of containers contains the signal samples destined for the
second RL. wherein nt tlm first RF, said rctricving tlm data bim

and the s&y&ai smnples retneves the data b&ts from the brat set
and the third set ofcontainers in the m& xed-data frame and the
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signal samples fnmi the second set and the fourth set of
contaniers m ihe mixed-data frnmc, thc methndi further com-
prising:

at the Iirst RE, mapping the data bits retrieved from the
third set and the signal samples retneved from the fourth
set to respective sets of contniners in a second mixed-
data frame: mtd

transmitting the second mixixi-darn frame over tlm second
data transfer interface to the second RLl

recnving the scecond mixed-data frmne at the cccoiul RF„

retrieving the data bits and the signal samples from the
respective sets of containers ut the second mixed-data
frame;

formatting the data bits retrieved from the second mixed-
data frame into corresponding rcxonsuucted data pack-
ets in accord:mce with the [,AN protocol I'or transmis-
sion to tire second LAN segment; and

prtwiduig the signal wunples retneved from tire second
mixcxf-data frame to a second IRI('f the scecond RE.

12. The method of claim 11. further compnsing.
a1 tlw gatcwny. compressing the signal samples destined

for the first Rb and the signal samples destined for the
second Rl. to form compressed signal samples. wherein
said mapping maps the compressed signal samples to tire
second set and the fourth set ofcontainers. wherein at the
tirst RF, said retrieving tlm data bits and the siyial
samples retneves the compressed si nnl samples friun
the second set and the fourth set, said mapping at the tirst
RE maps the compressed signal samples retneved from
the fourth set to the respective set of contauiers in the
second mixed-data frmie, ivhercui at the second RF,.

mud retnevuig the data bits aod the signal samples from
the second mixed-data frame retrieves the compressed
signal snmp les from the nspective sct of containers, and

at the second RF, decompressing the compressed siytai
wimples retneved from the second mixed-data I'r une to
fiinn decompressed si nal smnples, wherein said pro-
viding the signal samples retrieved fmm the second
mixed-data frame provides the decompressed siyral
samples to the second DUC.

13. The method of claim ll. wherein the siyial samples
transmitted from the Rk.('n tlie mdio charm frame are com-
pressed signal samplca destined lor thc first Rl', nnd coni-
pressed si nal samples destined for the second RE, wherein at
thc gateway, said receiving the signal samples receives the
conipressed signal s unples. uherem said mapping the data
packets and the simml samples nnips the compressed signal
smnples to fiie second set and the Iourth set ol'containers,
v'herein at the first RE said retneving the data bits and the
signal samples retneves the compressed siyial samples from
the second set and the fiiurth se( said mappuig at the lirst RF.

maps the compressed signal samples retneved fmm the fourth
sct to the respective set ofcontainers in tlm second mixed-data
I'rame, wherein at the second RL', s nd retneving the data hits
and the siyial samples frnm the second mixed-data frame
retrieves thc comprcsscd signal samples I'rom tbe respective
set ofcontauiers, the method further coinpnsing at the second
RLl

decompressing the comprcsscd signal samples retrieved
from the second nuxed-data frame to form decom-
pressed signal samples, it herein said providing the sig-
nnl samples retrieivd from the second mixed-dnta frame
provides the decompressed siyinl samples to the second
DUC.

14. 'lite method of claim I, wherein a control infomiation
portion of the mix al-data I'rame includes an a as i gums at infor-
mation to provide the first set of contauiers for the data bits
and tlm seamd set ofcontainers for tlm siyial samples of the
ci)lrcsponding anmlilla"car'llcl

15 The nietbod of claim I, wherein the rndio dntn interiiace
protocol is in accordmice it ith a Conunon Public Radio lnter-
fnce ((.PRI).

16

firn

method of claim 1, wherein said transmitting
uicludes applying a 4-dnnensional, 5-level pulse amplitude
modulation (4D-PAM5) to the mixed-data frame.

17 In a disiributcd antcmia system (DAS) ihat includes ni

least one radio equipment (RL), a method ofdata distnbution
in the DAS and a local area netv;ork (LAN) in proxinuty with
the DAS, wherein the data umlude signal xamples and data
packets. ivherem the data packets are transnutted from one or
nxire I AN segments of the I,AN. wherein each data packet
contains a plurality of data bits orgamxed in nccordauce u ith
a LAN protocol used by the LAN. the data packet including
an address infommtion nssocintni with a soura: di:vice of a

corresponding I.AN segment. uherein tbe RE is coupled to
receive an analog signal from an antenna. the Rl'I including mi

aiialilg to digital convener (AD(') applinl to t1m min log signal
and a digital downconverter (DDC) to produce the siyial
samples of one or more antenna-carriers, the nwthod com-

pllslllg:
receiving the data packets from the corresponding LAN

segment at a corresponding RE, wherein tlie correspond-
ino I.AN seynent is coupled to conumuucate u ith the
corresponding RL:

mapping the cata packets and tlm signal samples output
from the DDC at the correspondin RE to one or more
mixed-data frames. the mixed-data frames having a

fauna stnicture ui acvordaure is i1h a r nlio data in1erlime
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 ofcontainers in the nuxed-data fmme contain the
dnta bits of the data packets from thc airrcspondmg
LAN seyuent and a second set of coutauiers ut the
mixed-rLsta franw. contain tlm signal smnplcs of a corre-

sponding antennawarrier,

tmnsmitting the mixed-data frame over a data transfer
interface to a gaiavay,

receiving tbe mixed-data frame at the gateway;

retrieving the datn hits and thc signal smnples from the
mixed-daui fr uue, wherein the data bits from the corre-

spondingg

LAN segment are retrieved from the first set of
am1aincrs in thc ntixcxf-data fmme and 1hc signnl
samples of the corresponding antenna-earner are
retrieved frnm the second set ofcontainers in the mixed-
data fi arne;

formatting the data bits into one or more reconstructed data
packets in accordance with tbc I AN protocol for trans-
mission to a switcli: and

mapping the sigiml smnplcs into onc or morc radio ilata
fnunes iu accordance with the radio data interface pro-
tocol for transfer to a radio equipment controller (RE(')
via a senal data link.

18. The method of claim 17. wherein said mapping the data
packets imd the si nal samples fintlmr comprises at the RF,

mappin the data bits of the datu packets to the first set of
containers assignal to the corresponding LAN segment;
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mappulg the signal samples to the second set of contaulers
assigned la thc &mirrcsponding antenna-carrier. and

nnlltiplexing the containers of the first set and the second
set to foun a sequence ofmultiplexed containers for the
user data portion of the mixed-data lrame.

19. The method of claim 17. &vherein said receiving the
data packets further cali&pris&'.s

extracting the data bits from the data packets from the
corresponding I,AN segnwnt.

20. lite method of claim 17, v;herein a plurality of LAN
scyvucnts is coupled to communicate with the corresponding
RE. u herein the first set of containers in Ihe mixed-data frume
comprises a first plurality of subsets. further comprising:

assigning each subasel of thc lirst plurality ol'subsets ui a

correspondin one of the plurahty of LAN segmentw
wherein said mapping the data packets nnd thc signal
wunples tunher comprises mappuig the data bits of the
data packets from the corresponding LAN segment to B

corresponding subset in the first plurality of sub&at&.

21. The method of clmm 17, wherein a plurality ot LAN
segments is coupled to commiuiicate v;ith the corresponding
Rli, lurther comprising.

assigning the first set to the corresponding RLL wherein
saul mapping lhc data packets and the signal smnples
filrther composes mappulg the data bits of the data pack-
ets from the plurality of LAN Beg&Beats to the first set.

22. The method ofclaim 17. wherein a plurality ofantenna-
carriers is processed by tile corresponding RE, wherein the
second set ofcontainers in the nlixcd-data frame comprises a

second plurality of subsets, filnher compnsulg:

assigning each subset of the scvond plurality of subsets to
a c&1lrcspaudlllg ouc at'he plurabty ofanlcniui-carriers,
wherein said mapping the oats packers and the siytal
sanlples further comprises mapping tlm signal samples
of the corresponding antenna-corner to a correspondui
subset in the second plurality of subsets.

23. The niethad of claim 18, u herein said retrieving the
data bits and the signal samples from the mixed-data frame
further conlpriscs at tlm gatc&vay

denudtlplexlng the sequence of multlplexed containers to
scparatc tlm tirst sct of containers and the second set of
containers.

retneving the data bits from the first set of containers for
said fonnalung lhc data bits iulo one ar more rccon-
stnlcted data packets; and

retrieving tlm signal samples from tlm second set of con-
tauiers tiir said nulppln the signal sasmpfes into one or
more radio data frames.

24. The method of claim 21, u.hereui said retrieving the
data bits and the signal saniples from the mixed-data frame
furtlmr cc&luprlscs ut thc gatcwalu

retn eving the data bits from the first set ofcontainers of the
mixcxt-datn frame to a cLlta buffer. wherein the data
butfcr stores thc dale bits 1'rom ihc plurality I,AN seg-
ments, wherein said tiirmatting the data bits into one or
more ricconstructcd data packets furtlmr comprises:

ntappmg the data bits from the data butfer to the recon-
structed data packet, wherein the reconstructed data
packet includes the address infornmlian in accar&kmcm

u ith the LAN protocol; and

directing the reconstructed data packet to a corresponding
port of the gateway based on the address information

25. The method of claim 17, further comprising:
at the RLL compressing the signal samples output from the

DDI.: to form compressed signal samples, v, herein said
mappmg the data packets and the signal samples maps
the compressed sl nal samples of the corresponding
antenna-carrier to the second set of containers, wherein
at the gatev ay, said retneving the data bits aod the signal
samples from the niixed-data frame retrieves the com-
prcsscd signal samples froin lbc svcond sct of contain-
ers, and further compnsing at the gateway:

decompressing the compressed st@tat samples to form
decompressed signal samples, wherein said mapping the
signal samples inta one ar more mdio data frames maps
the decompressed signal samples to the msdto data frame.

26 The method of claim 17, furtlmr comprising:
at the RL', compressing the signal samples output from the

DDC lo liinn compressed signai samples, uherelu raid
nu&ppin the data packets and the si nul samples maps
dw. cimlpressed signal samples af thc corresponding
anlenn & carrier to the second set of containers. u hereul
at the gateway, said retrieving the data bits mid the signal
samples from thc mixed-&bua liame retric&ms thc com-
pressed signal smuples tram the second set of contain-
ers, wherein said mapping the signal samples into one or
more radio data frames maps thc compressed signal
samples to the radio data frame.

27. The method of claim 17, wherein the DAS includes a

first RE coupled to the atev;ay by the data trmisfer interface
and a second RE coupled to thc lira& RF. by a svcond data
transfer interface. the first Rl'I mid the second RE each per-
forming said step af receiving the data packets from a corre-

sponding I.AN scg&ucnt to fomi a first data sct mid a second
data set. respectively. wherein a first signal samples set is
pmduccd by a first DITC at the first Rl'. and a second signnl
snmples set is produccxt by a secood DDC al lhe second RI ..

the second RE applying said mapping to the second damn set
and tlm second signal samples set to farnl n first mixed-data
fmlme having said first set ofcontainers for the second data set
and said siecond set of containers for the second sibutat

smnples set. the melhod liirther composing:
Bl ihc second RIL transmitring tlm first nlixed-data frame

over the second dale transfer interface la the lirst RE:
receiving the tirst mixed data I'rmne al the lir. t RE,
retriiwing the second data set and the second signal

samples sat frmn thc first mixed-data frame.
sclectinc thc data bits dcstincxt for the gateway to a third

&lain sci, and
inappuig the first data sel. Ilm llurd &kits sec the tirst signal

samples set and the second signal samples set to respec-
tive sets of containers in B second mixed-data frame,
&&herein said transmitting lhe mixed-data frame trnns-
nuts the second mixed-data fmsme from the first RL'o
thc gateway via the data transf&.r interface

2g. The method of claim 27, further comprising:
at the second Rii. compressing the second signai samples

set output from the second DDC to form a second com-

pressed signal samples scl, wherein said mapping the
cLlta packets and the signal samples maps the second
compressed signal samples set to tbc second set of con-
tainers ln the first mixed-data frmne. &vherein at the first
RE, smd retrieving the second data set and the second
signal samples sct from thc tirst mixed-&LSLB frmnc
retrieves the second compressed signal samples set from
the second set of containers; and
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at the first RLL compressing the first signal samples set
output I'rom the first DDC to I'orm a first compressed
signal samples set. whereui said mapping the first data
set. the third data set. thc first signal samples set mid the
second sigiuil samples sei maps the first compressed
signal samples set and tile second compressed signal
smnples set to the respective sets of containers, wlmrein
at lhe atewnv. said retrieving the data bits and the signal
samples retrieves the first compressed signal samples set
and the second compresud sivnal samples set from thc
respective sets of containers.

29 The method of claim 28, further comprising at the
"BtCV Blc

deconipressing the first compressed swyial s uuples set and
the second compressed siylal samples set to form
respective sets ol decompressed signal samples, wherein
wsid mappln the signal samples into one or more radio
data frames maps the respective sets of decompressed
signal samples to the rediio dain frnmc

30. I'he method of claim 28. wlmrein at the gatavay said
mapping the signal samples maps the first compressed signal
samples set and tile second compressed signal samples set to
the radio data I'rame

31. The method of claim 17, wherein tlm control informa-
tion portion of thc mixed-lhita frame includes ml asvignmau
lnfonlmtion to provide the first set of containers for the data
bits aid tlm second set ofcontainers for the signal samples of
the correspondin antenna-carrier.

32. The method of claun 17. whereul the radio data mter-
face protocol is in accordance with a Conuuon I'ublic Radio
Interface (CPRI).

33. The method of claim 17, uhereio vud transmittulg
includes applying a 4-dimensional, 5-level pulse amphtude
modulation (4D-PAMS) to thc mixed-data fume

34 In a distributed miicnna systan (DAS) that includes at
least one radio equipment (RL), an apparatus for data distn-
bution in the DAS and a local area network (I.AN) in prox-
imiiy with the DAS, wherein the data include signnl saiuples
from a radio equipment controller (REC) and data packets
from a sw itch, vv herein tlm data packets nrc destined for one
or more LAN seyuents ofthe LAN. wherein each data packet
contains a plurality ofdata bits organized in accorcance with
a I,AN protocol used by thc I,AN, tlm data packet including
an address mfonnat ion aasoaated v;itb a destination device of
a corresponding LAN segment, lvherein each signal umple
corresponds to an antenna-camel. each RL'ncludin a digital
upconverter (DU(') ands digital to analog converter (DAC) to
process the signal s unp les o I'one or more unlearn carriers I'or

transnussion via al antemia, the apprmltus compnsulg,
a getev, ay, inc luduig one or more gateway pons coupled to

receive one or nxlre strenms of the data pnckets Irom tlm
slvitch. wherem the straim of the data packets destmed
for the corresponding LAN segment are received over a

given gateway port, wlmrcin tlm corresponding I,AN
segment la coupled to cominunicate with a correspond-
ing Rkk tlm gateway coupled to receive the siyial
wimp les from the RFF'ia a serial dais link, vhcrein the
signal samples are orgaruzed into one or more radio data
tnmles I'IBvulg a franlc siltlcturl.'l alccortlancc with a

mldio data interface pmtocol. the frame structure includ-
ing a user data portion and a control information portion,
thc user datn portion including a plumlity ofcontainers.
wherein the plurality of contmners are assigned to cor-

responding antenna-carriers of tile corresponding RE,

wherein a given container includes one or more of the
signal s naples ol'thc corresponding antenna-carrier. the
galeway coupled to conuuunicate via a data trmlsfer
interfnce filr each RF.. the gaucway comprising:

one or more mixed-data I'ramerw lvberein each mixed-data
framer nmps the data packets and the siylal umples for
the corresponding RF, into onc or nlore mixed-data
I'rames. the mixed-data francs having the I'r unc struc-
ture in accordance lv ith the m din data interface protocol,
wherein a tirst set of containers in a user data portion of
the mixed-data frame contains the data bits of the data
pnckets for the corresponding LAN segment and a sec-
ond set ol containers ui the user data portion of the
mixed-data frame contains the siylal saluples of the
corresponding antenna-carrier: and

the data tmnsfer interface coupled to the mixixI-data frmner
filr transmitting the fluxed-data frmlm to tla correspond-
ing RE; the apparatus further comprisulg at the RE:

a mixed-data deframer coupled to re:i:ive the mixed-data
frame at the corresponding RL'rom the data transfer
interface tlm mixed-dnm dcfranwr retrieving thc data
bits mid ihe slylal samples from the mixed-data frame,
wherein the cata bits for the corresponding I,AN seg-
ment arc rctricvcd from lhe first set o I'containca in thc
mixed-dam liame and the siyial samples of the corre-
sponding antenna-carrier arc retrieved from the second
svt ol'ontainers in tlm mixed-dais franc, thc mixcd-
data deframer providing the signal samples to the DUC;
Ball

formatting logic receiving the data bits fmm the mixed-
data defmmer and liirming onl. Cr more rcconstructcd
data packets ul accordance with the LAN pmtocol for
rransmission to the corresponding I AN segment

35. The apparatus of claim 34, wherein the mixed-data
Ikamcr I'urthcr comprius

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

signal data mappuig logic to mnp the signal samples io the
second set of containers assigned to the corresponding
antenna-carrier; mid

a nniltiplexer to interleave the containers of the first set and
contaulers Ol'he second set lo lilnu a Sequence OI'mul-

tlplexed containers for the user data portion of the
mixed-data franc.

36. The apparatus ofclaim 34. w herein the gateway funher
conlprlscs:

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

a deframer that receives the radio data frame from the senal
data link, tlm deframer extracting the siyial samples
from the set o fcontainers for the corresponding antenna-
carrier and providing the signal samples to the mixed-
dalil frdnlcl llll'hc colzcspolldiilg RF,.

37. The apparatus ofclaim 34. wherein a plurality of LAN
seyuents is coupled to communicate with the corresponding
RLL w herein the first set ofcontainers ln the mixed-data frame
comprises a lirst plundity of subuts. tfm mixed-data frmucr
further compnsulg:

logic to ravv ign each subset of thc first pl urn l it y of su beets to
a correspotubng one of the plurality of LAN seynents;
allrl



US 2012/0057572 AI
18

Mar. 8, 2012

data mapping logic to map the data bits of the data packers
dcstmcd I'or tbe corresponding I.AN scgmmlt to a cor-

responding subset ul the hrst plurahty of subsets.
38. 11m apparatus ofclaim 34, w:herein a plurality of I.AN

segmems is coupled to communicate ii iib the corresponding
RE, the mixed-data framer further comprising:

logic to assign the first sct ofcontaiiwrs to the correspond-
ing Rlx mid

Iksta mapping logic to map the data of the data packets
destined for tlm plurality of I,AN segments to the first sct
of containers.

39 Tbe appnratus of clean 34, wherein the signal smnples
of a plurality of anteiula-camera are desnned for the corre-
sponding RLL wherein the second set of containers in thc
mixed-data liame comprises a second pl urabty ol sub sets. thc
mixed-cLem fmmer further comprising:

lope to assign each subset of the second plurality of sub-
sets to a corresponduig one of the plurality of antenna-
carners, mid

signal data mapping logic to nmp the signal samples of the
correspondin antenna-carrier to a correspondin subset
in the second plumllity of subsets.

40. The apparatus of claim 35. whereul smd mixed-data
dcfranwr further comprises:

a denniltiplexer receiving the iuixed-data frmne and de-
interlcavin thc seitucncc OI'niultipk:xcd containers hi
separate the Iirst set of contmners and the second set of
containers. wherein the demultiplexer provides the data
bits I'rom the lirst set o I'cimuiiners to ihe formatting logic
and the signal samples from the second set ol contaulers
to the DUC.

41. 1he apparatus of claim 38. ivherein said fomlatting
logic furthircomprises:

a RE data buffer receiving the cksta bits from the mixed-data
deframcr, wherein the Rl', data bul'fer stores the data bits
filr the plurality LAN le@rents coupled to conununicate
ivith the corresponding Rkx

fmming logic to map the data bits from the Rk: data buffer
to thc reconstnicted data pncket, wherein tlm recon-
strticted data pncket includes the nddrcss infomiation in
accordance witli the LAN protocol; and

swilclun logic to direct the reconstrticted ILita packel to a
corresponding one of the I AN segments based on the
aililrcss in Ionuiltulll

42. 1 he appa rani s ofclaim 34, wherein the gateway further
colupl'Iscs a compl'cssol'pphcil to tllc sl'tal sallnplcs to font
compressed statal samples. ivherein said mixed-data framer
inaps the compressixt signal samples of the corriwsponding
antenna-earner to the second set ofcont uners, ~herein at the
RLL the mixed-ILlta de framer retrieves the compressed siymi
smnples I'rom the scwond set of containerw the apparatus
further comprising at the RL:

a decompressor applied to the compressed statal samples
received from the mixed-data defrmner to form decom-
pressed signal samplew the decimiprcssor providing thc
decompressed signal smnples 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 franie, v,herein at the gateway the mixed-data
framer maps the compressed signal smnples of the corre-
sponding antenna-carrier to the second set of containers,
wlmrein at the RF., thc mixed-ourn defranwr retrieves tbe
compressed signal samples from the second set ofcontainers.
the apparatus further comprising at the RE:

a decoulpressor applied to the compressed samples
rccmvcd I'rom the mixed-data defrniner to I'ortn decom-
pressed signal smuples, the decompressor pmviding the
decompressed signal wunplcs to thc DIIC.

44. 111e appamtus ofclaun 34. wherein the DAS includes a

first Rl'I coupled to thc gateway by the data transfer interface
and a second RE coupled to the lirst RE by a second data
transfer interface. v,herein at the gateway the mixed-data
fraincr produces Ihc mixed-data I'rmnc I'urthcr including a

tlurd set of cotitainers and a fourfii set ofcontainers. wherein
the third set ofcontainers contains tlm dam bits destined for a

second I.AN sc ment in mmimunicatiml with tbe second RF,

and the filurth set of conmlmers contains the signal samples
destined for tlm second RF„ ivherein at the first RF tlm mixcd-
data deframer rctrtcves tlm data bits from the fir t sct and the
third set of container in the mixed-data fmme and the sikrttal

samples from the second set and the fourth set of containers in

the mixed-data fmlme, the apparatus hirther comprtsing:
at the first RIO a second mixed-data I'ramer couplixt to the

mixed-data deframer to map the data bits retrieved from
the third set and the signal saniplcs retrieved from thc
fourth set to respective sets of cmltauiers in a second
mixed-data frmne;

the second data tmnsfer interface coupled to the second
mixed-data fmmer for transmitting the second mixed-
data I'rame to the second Rlo

at the second Rl-2 a second mixed-data defmmcr coupled to
recewe the second nuxed-data frame from the second
data tmnsfer interface, the second nuxed-data deframer
retrieving the data bits and the signal samples front thc
respective sets of containers In the second mixed-data
frmne, the second mixed-data deframer providing the
stgaml samples to a second DUC of the second Rli: and

second formatting log'c receivulg the data bits from the
second mixed-data deframer and forming correspond-
ing recOnsirticted data packets for traasmissimi to the
second LAN segment.

45. The apparatus ofclaim 44. w herein the ga ten ay further
comprises a compressor applied to tlm signnl smnples des-

tined for Ihc first RF. mid the signal wunplcs destined for the
second Rii to form compressed signal samples, wherein the
mixed-data framer maps thc compressed signal slniples to
the second set and the fourth set ofcontainers. wherein at the
first RI. the mixed-data deframcr reuieves the compressed
sign~i smnples I'mm the sccmid set and the Iiourth scL ivhcrein
the second nuxed-data fmlmer maps the compressed stytal
samples retrieved from the fourth set to the respective set of
contaulers In the second mixed-data frame. wherein at the
second RL the second mixed-data deframer retneves the
compressed signal smnp les I'rom the respective set ofcontain-
ers ul the second nuxed-data fmme. the apparatus further
comprisuig at the second RE:

a decomprcssor appliod to the compressed samples
recetvcxt I'rom the second mixcedt-dura deframer to lorm
decompressed sigvna I samples, the dmompre as or provid-
ing the dccompresscd signnl samples to the second
DUC.

46. 1he apparatus ofclaim 44, wherein the siytal samples
transmitted from the RFC in tlm radio data frnmc arc com-
pressed signal samples destuied for the first RE and com-
pressed signal samples destined for the second RE, wherein at
the gatcwny the mixcddant frmner mops thc compressed
si nal samples to the second set and the fourth set ofcontain-
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
I'ourth set, wherein the second mixed-data liamer maps thc
compressed s&gnal samples retrteved from the fourth set to the
respective set of containers in the second mixed-data I'rame,

wherein at Ihe second Rfi. tbe second mixed-data delrmner
retrieves the compressed signal samples from tile respective
set of container&, the apparatus fuithcr comprising at thc
second Rix

a decompressor npplied to thc compressed samples
received fmm the second m&xed-data deframer to form
decompressixf signal samples, the decompressor provid-
ing the decompressed signal samples to the second
L)U('.

47. Tbe apparatus ofclaun 34, wherein a control Informa-
tion portion of tlm Inixed-data I'rame includes an assignment
int'ormation to pmvide the first set of tmmtamers I'or the duta
bits and the second set ofcontainers for the signnl samples of
the corresponding antcm&a-carrier

40. The apparatus of claim 34, wherein the radio data
Interface protocol &s &n accordance iv&th a Conuuon Public
Radio interface (CPRI).

49. The appanltus of cia&m 34, &Therein the data trmisfer
intcrt'ace fiuther comprises an encoder that applies a 4-di-

mensxmal. 5-level pulse amplitude modulation (4D-PAMS)
to the mixed-data frame.

50. In a d&sirtbuted antenna system (DAS) that u&eludes at
least one radio ixpfipment (RI..), an apparatus for dam distri-
bution in tbc DAS and a local area nertvork (I,AN) in prox-
imity with the DAS, wherein the data include signal samples
m&d data packets, wherein the data packets are trmismitted
from one or more LAN seamen&a of the LAN. wherein the
each data packet contains a plurality of data bits organized in
accordm&ce with a LAN protocol used by the I,AN. thc data
packet &nclud&ng an address &nfornmtion assoc&ated with a

source dew ice of a corresponding LAN segment, wlierein the
RE &s coupled to ruee&ve an analog s&gnal from an miteon1. tbe
RE includuig an analog to digital converter (ADC) appl&ed to
Ihc analog signal and a digiial downcom crtcr (DD(:) to pro-
duce the s&g&ral samples ofone or more antenna-carrters. the
apparatus comprisin:

a mixed-data framer receiving the signal samples output
from tlm DD('f a corresponding RI'I mid the data bits of
the dnta packets from thc corresponding I.AN segment.
&&herein the corresponding I,AN segment is coupled to
corn&mu&icatc with tbc mirresponding, RF„ thi: 11&Ixi:0-

data framer mappin the data b&ts and the sig&mti samples
to one or more mixed-data frames, the mixed-data
Irames hav&ng a frmue smicture &n accordance iv&th a

radio data interface pmtocol, the frame structure includ-
ing a user data portion and a control informarion portion,
the user data port&on includuig a pluml&ty ofcontauiers,
&&herein a first set of containers in the mixed-data frame
contain the data b&ts of the data packets from the corre-
sponding LAN se ment and a second set ofcontainers in
the mixed-data frame contain the siy&al samples of a

C&1&TCSponillllg ill&le&la&I C&ITIICI:

a g;ucw;Iy couplcxf to receive the mixcxl-data I'rmuc I'rom

tbe correspond&ng RI', v&a a data transfer Interface: tbe
Qatcwav coll&pl&slag'

nuxed-data deframer retneving the data bits and the sig-
nnl samples from the mixed-data franm, wherein thc data
bits fmm the corresponding LAN segment are retrteved
from the first set of containers in the mixed-data frame

and the signal samples of the corresponding antenna-
currier are rctricvcd firm the secmld sct ofcont uncrs in
the m&xed-data frame,

fomu&tting logic coupled to receive thc data bits I'rom the
mixed-data defriuuer mid Iormalting the data bits into
one or more reconstrt&cted data packets in accordance
with tlm I,AN protocol fiir tmnsmission to a switch, nnd

a radio data fr uncr coupled to race&ve the signal samples
from the mixed-data deframer and mapping the s&k&nal

san&plea into onc or n&ore radio data franms in accor-
dance with the radio data Interface protocol for transfer
to a radio equipment controller (RIXD via a serial data
l&nk.

51. The apparatus of claim 50, wbereui the mixed-data
framer fiirther comprises

data mappm lope to map the data b&ts to the first set of
conta &ners assigned to the corresponding LAN segment;

signal daui mappin logic to map tbe s&g&ral wunples to the
second set of containers ass&gned to the correspond&ng
antenna-carrier: and

a niultiplcxer to uiterlcaiu the containers of the first set and
conta&ners of the second set to form u sequence ofmul-
tiplcxed containers for the user data portion of thc
m&xed-dam f'rmne

52. The appnratus of claim 50, fiirtber comprising at the
RF.

a preprocessor tliat receives the data packets from the cor-

responding LAN segmenk the preprocessor exlract&n

the data bits fmm the data packets and providing the data
bits to the mixed-data framer

53. The apparatus ofclaim 50. wherein a plurality ofLAN
segnwnts is coupled to communicate with tlm corresponding
RL'. &vherein the first set ofcontauiers &a the nuxed-data frame
comprises a first plural&ty of subsets, the mixed-data framer
fill&her colllpl'&s nlg:

logic to assign each subset of the first plurality of subsets to

a correspondmg mie of the plurabty of I,AN segmenks,
a&ld

data mappuig log&c to map the data b&ts of the data packets
from tlm corresponding I.AN scgmcnt to a corrcspond-
uig subiwt ui the first plurabty ol subsets.

54. The apparatus ofclaim 50. wherein a plurality of LAN
segments is coupled to conununicate w&th the correspond&n
RL'. the m&xed-data framer further comprts&ng:

log&c to assign the first set ofcontauiers to the correspond-
ing Rfk and

data mapp&ng lo &c to map the data b&ts of the data packets
from the plurality of' AN segments to tlm first sct of
Coll&a&l&CIS

55 The npparatus ol'laim 50, where&n a plurality of
antennl-carriers is processed by the correspond&ng RL,
wherein the second set of conte u&ers in the mixed-data frame
comprtses a secomd plural&ty ol'ubsetx the mixed-data
fnimer further comprising:

logic to ass&y& each subset of the second plurality of sub-
sets to a corresponding one of the plurality of antenna-
Ca&TICTS: i&ltd

signal data mapping logic to map tlm signal samples of the

col resp eliding ann'nnu-c&CTST lo a con'iwpolliilllg subset
in the second plural&ty of subsets.

56 The apparatus of claim 51„uhereui the m&xed-data

deframer further compnses:
a demult&plexer rece&ving the nuxed-data fmme and de-

&nterleaving the scxlucnce of multiplexed containers to
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separate the first set of containers and the second set of
containers. wherein thc demultiplexer provides tlm data
bits from the first set of containers to the formatting logic
and the signal smnples from tlm second set ofcontainers
io the radio data framer

57. lhe apparatus of claim 54, vvherein said formatting
lo ic further composes:

an data buffer receiving thc data bits from thc mixed-data
deframer. wherein the data buifer stores the data bits for
the plurality LAN segments coupled to couununicate
with the corresponding RE:

framing logic to niap the data bits from tlm &k&ta buffe to
the reconstructed data packeL w herein ilia reconstructed
data packet includes the address information in accor-
dance with thc LAN protocol, and

switclung logic to direct the reconstructed data packet to a

corrcsponduig p&irt of the gate~ay based on Ihe address
information.

58. The appamstus of clmm 50. further comprisin:
at thc RF„« compressor applied to thc signal samples

output from the DDC to foun compressed signal
smnples, wherein said mixed-data framermapsthecom-
pressedl signal samples ol'he mirresponding umenna-
carrier to the second set of containers. whereui at the
gateway, the mixed-data defmmer retrieves tlm com-
pressed siyial samples from the second set of contaui-
ers; and the gatevvay further comprises:

a decompressor applied to ihe compressed siytal samples
received fium the mixed-data deframer to form decom-
pressedi signal samples. thc dcvomprcssor providing ihc
decompressed signal samples to the «idio data framer.

59. The appanitus of claim 50. further comprisuig at the
RLT

a compressor applied to the signal samples output from the
DDC to form compressed signal samples. wherein said
mixed-data fmmer maps the compressed signal s unp les
of the corresponduig ante&usa-earner to the second set &if

containers. wherein at the gateway. the mixed-data
delramer retneves the compressed signal samples from
the second set ofcontainers in the mixed-cata frame und
ihc radio data framer maps the comprcsscd signal
samples uito the radio data frame.

60 The apparatus ofclaim 50. wlmrein the DAS includes a

first RL'oupled to the gateway by the data transfer interface
and a second Rk'oupled to the first RL by a second data
u snsfer niterface. 0&e tirst RE receives u Iirst data set from a

first LAN seynent and the second RL'eceives a second data
set front a second LAN segment. v herein a Iirsi signal
samples set is produced by a first DDC at the first RE and a

second signal samples set &s produced by a second DDC at the
secondRE,thesecondRF,«pplvingsaidm&xed daiafrunerio
the second data set and the second signal samples set to form
a first niixmd-data frmne having said first sct ofcontainers fiir
the second data set mtd said scvond set of contauiers liir the
second signal samples set, wherein the first mixed-data frame
is transmitted to the first RF, via thc smmind data trmisfi:r
uiterlace, the apparatus further compnsuig at the Iirst RE.

an uplmk mixed-data delramer coupled to receive the lirst
mixed-data frmne, the uplink nuxed-data deframer
retrieving the second data sct from the Iirst sct of con-
tainers and the second signal mimples set from the sec-
ond set of containers;

selecting loyc to select the data bits destined for the gate-

wayy

from the second data set to form a third data set; and

an upbnk mixed-data framer coupled to receive the first
outa sct fr&im the Iirst I,AN segment, the third data sct
from the selecting logic. the first siyial samples set from
Ctc first DDI'nd the second signal samples sct from the
uplink mixed-data del'rmner. &vhercin the uplink mixcd-
data framer maps the first data set, the third data set, the
first signal samples sct mid thc second signai msmp1 ca set
to respective acts ol contaitiers in a second mixed-dais
frmne, w herein the second mixed-data frame is transmit-
ted from tlm first RF. to the gareway via the data trmisfi:r
&nterfuce, wherein the gateway applies the mixed-data
deframer to the second mixed-data fmme.

61 The apparatus of claim 60, further compnsuig
at the second RL', a second compressor applied to the

second signal s unples set output from the scmond DDC
to form a second compressed signal samples set,
wlmrein said mixed-data framer maps thc second com-
pressed signnl samples set ui the second sct ofcontainers
in the ti rat mix&xi-data frame, wherein at the first RIL said
uplink mixcd-duta dcframer retrieves the second cuni-
pressc«I sigiral samples set from the second set of con-
tainers, and

at the lirsi Rli, a Iirst compressor applied to the Iirst siytal
samples set &mtput from the first DDC to form a first
compressed sign~i smnples sct. wherein said upbnk
mixed-daui Iramer maps the Iirst con&pressed s&yial
samples set and the second comprc»sed signal samples
sct to thc respective sets of'ontainers. wherein ut the
gateway. the mixed-data deframer retrieves the first
compressed simial s:unples set and the second com-
pressed signal samples set I'roni the respective sets of
c&1&rta ll&Cls.

62 The apparatus ofclaim 61, wherein the gateway I'urther

colllpriscs:

a d&x:omprcssor applicdi to thc first compressed signal
samples set and the second compressed signal samples
sct to form respective sets of decompressed signal
samples, ihc decomprcssor providing thc rcspcctivc seas

ofdecompressed s&yml samples to the radio data framer,
wherein dw radio data framer maps tlm respective sets of
decompressed s&giuil samples in«i ihe radio data frume.

63. 'Ilie apparatus of claim 61. whereui at the gatev;sy the
«ad«i data I Tamer recei&vs the Iirsi compressed signal samples
set and the second compressed siyial samples set from the
niixed-data dcframcr and maps tlm first compressed signal
smnples set and thescmond compressed siyial s unples set to
the radio data frame.

64 The apparatus of claim 50, ~herein the control infor-
mation poruon of the mixed-data frame includes an assign-
nient info«nation to provide thc Iirst set of containers for tlm

data bits and the second set of containers lbr the s&ytal

smnples of the corresponding mitenna-carrier.

65 Theapparauis of claim 50. &vherein the radio d;&ia

uiterface protocol is in accordance with a Conunon Public
Radio Interface (CPRlk

66 Ilia npparatus of claim 50, wherein the dam transfer
interl'ace further comprises an encoder that applies u 4-di-

mensional, 5-level pulse amplitude modulauon (4D-PAM5)
to the mixed-data fnsme.

67. A gateway arranged for an addressed packet protocol
including packets having destination addresses and a time
division mul tip lexed container protocol configured fora com-
nuufication with an access point. comprising:
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a plurality ofdata ports. including a first port configured for
data communications accordmg to the addressed packet
protocol with cud stauous accessible through the access
point. a second port configured for data communications
according to the time division multiplexed container
protocol and a tlurd port contigured for data conunuiu-
cations according to tlm tinw. division multiplcxed con-
tailmr protocol between tlm gnwway mid tlm access
point; and

a processor coupled to the plurality of (Late ports, including
logic to process downfink data packets Irom the
addressed packet protocol carrymg destination
nddresses of the end stations accessible through the
access point alai downluik containers ulcluding si nal
samples from the time division nuiltiplexed container
protocol. and to produce mixcdi-data conlmunications
accordulg to the tune division multlplexed container
protocol. including a first set ofoutput containers carry-
iug respective pans of the don tllulk data packets and a

second set of output contumers currying respective
groups of the signal smnples I'rom the dov nlink contain-
ers. and to trmlsnut first and second sets of output con-
tainers on tlm third port.

68. The gateway of claim 67, the processor including:

logic to process mixed-data conuuunicauons uicluding
uplink mixed-data input containetx from the time divi-

sionn

muitiplaxed cont euler pnltocol received on tlw third
port. the mixed-data input containers includulg sets of
input coulalllcl S c'urvulg parta Of uphnk CL(ta packets
from the addressed packet protocol having source
addresses from end stations accessible through the
access point, and sets oi'nput cmitaincrs carrying
groups of up link data samples Imm the wireless cellular
protocol, and to produce data communications accord-
ing to thc addressed packet protocol carrying the upliid(
data packets for the first pon and data communications
nccording to the rime division multiplexed container
protocol carryin lhe uplink signal samples for the sec-
ond pon.

69. The gateway ofclaun 67. wherein the addressed packet
protocol comprises an Rthernet protocol.

70 The gateway of claim 67. wlmrein the tinw. division
multiplexed mmtaiuer protocol compnses a radio data ultcr-
face protocol.

7I. The gateway of claun 70, wherein the radio data uiter-
face protocol is in accordance with a Common Public Radio
Interface fCPRI).

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

73. 5 radio nenvork access device arranged for an
addressed packet protocol including packets having destina-
tlou addresses and a wireless cellular proulcol. comprising:

a radio or mdios including one or more antemms config-
ured for (Late conununications according to wireless cel-
lular protocok

a first data port configured for data conumuiications
according to a time division nnlltiplexed container pro-
tocok

a second cata port configured for data conununications
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
pnckets from the addresscxt packet protocol mid an
uplink stream of signal samples thorn wireless cellular
protocol. Ond to produce mixixt-(kata conununications
accordinvg to a time division nulltiplexed container pro-
tocol. including a first sct of output containers carrying
parts of die uplink datn packets mid a sivond set of
output containers carrying groups of the uplink signai
samples, and to transmit the first mid siccond sets of
output containers on the hrst data port.

74 The radio ncni orl access dcviiv. of clainl 73, wherein
the processor includes lovic coupled to the first and second
data pons and to tlm radio or mdios. lo process mixcdi-data
comnuulications according to a time division multiplexed
container pmtocol ricceived on the tirst dnta port, including a
first set of mput containers carrying parts of downlutk data
packets and a second set of input containers carrying groups
of downhuk stgrtal smuples, and to transmit lhe addressed
duta packets for the addressed packet protocol on the second
data port and a stream of signal samples for the cellular
pmtocol to the msdio or radios.

75. The radio network access device of claun 73, the pro-
cessor including logic to apply data compression to the signal
samples lor file second set of output contauiers.

76 The radio nctv,ork access device of claim 73, wherein
thc second data port is configured to communicate with end
stations accessible through the ra(ho or mid(os.
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