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(57) Abstract: A system for use in nodes (101-105) communicating over a
CPRI (common public radio interface) allows each networking node in a
daisychain configuration to seamlessly manage the control and manage-
ment HDLC (high-speed data link control) channel for both uplink and
downlink. The connection is kept alive through a soft reset flow. Received
HDLC packets can be extracted for use by a local node. Locally generated
packets can be inserted into the packet data stream at the datalink layer for
onward transmission over the CPRI. The system arbitrates (211) between
the locally generated packet data held in a buffer (210) in the local node
and remote packet data received from a remote node and held in the local
node in a first in first out (FIFO) buffer (209) for onward transmission to a
subsequent node after arbitration. Remote packet data is given priority so
that local packet data is inserted only when there is a free slot in the HDLC
channel data flow. Figure 3 to accompany abstract
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Title : Apparatus, System and Method for controlling packet data flow

Dascription

Field of the invention

This invention relates to an apparatus, a system and a method for controlling packet data
flow through a transmission node and particularly, though not exciusively for handling flow of

packet data in celiular communications nefworks.

Backaround of the invention

in a typical cellular communications system, wireless user squipment units (UEs), for
example, mobile phones, communicate via a radio access nelwork 1o one or more core networks. A
radio access network covers a geographical area which is divided into cells, with each cell area
heing served by a radio base siation. Several base stations are connected, typically via land lines,
{0 a control node known as a radio networl controller (RNC). Such a conirol node supervises and
coordinates various activities of the several radio base stations which are connsctad to it. The radio
network controllers are typically connected 1o one or more core nstworks. One example of a radio
access network is the Universal Mobile Telecommunications (UMTS) Terrestrial Radio Access
Metwork (UTRAN). The UMTS is a third generation (3G) system and UTRAN is essentially a radio
accaess network providing wideband code division multiple access (WCDMA) to user eguipment
units. Fourth gensration systems are evolving towards a broadband and mabile system. The 3rd
Ganeration Partnership Project has proposed a Long Term Evolution (LTE) solution, namely, an
Evolved Universal Mobile Telecommunication System Territorial Radio Accsss Network, {(E-
UTRAN), for a mobile accsss network.

in many radio access networks the radio hass station is a concentrated node with most of
its components being located at a concentrated site. However, a radio base station can also he
configured with a more distributed architecture. For exampis, a distributed radic base station can
take the form of one or more radio equipment {(RE)} portions that are linked to one or more radio
aguipment control (REC) portions over an internal interface. One example of an internal interface of
a radio base station which links a radio equipment portion of the radio hase stalion fo a radio
equipment control portion of the base siation is the Common Public Radio Interface (CPRI). The
Common Public Radio intsrface (CPRI) is described in Common Public Radio Interface {(CPRY
interface Specification Version 5.0 (2011},

The Common Public Radico Interface (CPRI) is an industry cooperation aimed at defining a
publicly available specification for the key internal interface of radio base stations between radio
equipment conirol (REC) and radio equipment (RE), thersby allowing base siation manufaciurers
to share a common protocol and more easily adapt plaiforms from one customer {o ancther. In
essence, a radio base slation is decomposed into two separate blocks, known as REC and RE.

The REC providas access 1o a UMTE naetwork, for exampls, via the lub interface, whereas the RE
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sarves as the air interface to user squipment, known as Uu in a UMTS network. The REC generally
comprises the radio functions of the digital bassband domain, whersas the RE contains analogus
radio frequency functions.

The CPRI interface supporis several types of information flow, notably user plane
information in the form of in-phase and quadrature (1Q) modulation data (the digital baseband
signals) and control and management (C & M) information which is exchanged between the control
and management entifies within a REC and a RE. The CPRI has a basic frame structure for
carrying a conirol word and an HQ data block. The IQ data of different antenna carriers are
multiplexed by a time division multiplexing scheme onto an electrical or optical transmission line.
The control and management dala are either sent as inband profocol or by layer 3 profocols that
reside on top of appropriate layer 2 protocols. C&M data are time-mulliplexed with synchronisation
data and the IQ data over the CPRI. Twao different layer 2 profocols for C&M data are supported by
CPRI These ars Ethernel and High-Level Datalink Control (HDLC). A vendor-specific channsl may
also be supported.

HDOLC is a protocol developed by the International Organisation for Standardisation and falls
under 180 standards 180 3309 and S0 4335 HDLC is sometimes referred to as the slow C&M
channsl in CPRI (Ethernet being referred o as the fast channsl) HDLC can support several data
rates and operates to provide a refiable communications path between nodes with acknowledged
data transfer. Each piece of data is encapsulated in an HDLC frame with a trailer and a header
{addrsss and control fisid). The trailer has a cyclic redundancy check {CRC) and the frames are
separated by a flag sequence.

The functional split between the REC and RE allows the RE o be positionad close to an
associgted antenna. This reduces ths distance which the associated signals have to travel before
they ars received by the RE, thereby negating the need for towsr-mounted amplifiers and antenna
system controllers. The link between the RE and REC is generally optical, allowing the link length
o be much greater when compared with wired coaxial systems. Thereforg, the distance between
the RE and REC can be up {o 40Km, thereby increasing the flexibility of deployment of RE-s within
the network when utilising CPRI. One REC may be linked to two or more RE-s or one RE may be
linked to multiple REC-s in a chain topology with each REC being configured to forward data to
gther REG-s in the chain. The CPRI daisy chain configuration consists of mulliple REG-s and
multiple RE~-s. The REC chain comprises the baseband units and the RE chain comprisas the
remote radio head units.

Many of the funclions which an REC has o perform, which include channel coding/encoding,
spreading/despreading, frame and time slot generation, for example, may be realised by a
proprietary digital signal processing device. Two examples of such DSPF devices which support the
CPRI are the Freescale B4860 and the Freescals MSC 8157 Broadband Wireless, Access Six
Core DSP which is dascribed in Freescale Semiconductor Data Sheet MSCEB157E, 11/2011. This
Digital Signal Processor includes (inter alia) a CPRI unit Each CPRI unit may support two CPRI
lanes, sach lane typically comprising a framer module and a direct memory access (BDMA) module

for transferring receive and transmit data to and from a system meamory.
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The CPRI protocol defines an HDLC stream in a way such that only the REC which has full
knowledge of the topology is permitted to manags the stream (that is the end-point REC). A similar
situation applies to the RE chain where only the end-point RE may handie the stream. This has the
drawhack of {(despite all components in the chain being able to read the HDLC packets) only the
endpoint REC or endpoint RE being able to write. This rastriction does not allow the networking

REC-s or RE-s to report an their status or to deliver control messages.

Summary of the invention

The present invention provides an apparatus, system and method for controliing packet data
flow through a transmission node as described in the accompanying claims.

Spedific embaodiments of the invention are set forth in the dependent claims.

These and other aspects of the invention will be apparent from and elucidated with reference

o tha embodiments described hereinafter.

Brief dascription of the drawings

Further details, aspects and embodiments of the invention will be described, by way of
example only, with reference o the drawings. In the drawings, like referance numbers are used to
identify like or functionally similar elements. Elements in the figures are illustrated for simplicity and
clarity and have not necessarily been drawn {o scale.

FIG. 1is a simplified block diagram of radio equipment conirol and radio squipment modules
configured in a chain network,

FiG. 2 is a simplified block diagram of an example of a system for controlling packet data
flow,

FIG. 3 is a simplifisd flowchart of an example of 3 method for controlling packet data flow,

FIGS. 4A and 4B are simplified block diagrams of examples of systems for controlling packet

data flow in an uplink direction and a downlink direction raspectively.

Detailed description of the preferred embodiments

Because the illusirated embaodiments of the prasent invention may for the most part, be
implementad using electronic components and circuits known o those skilled in the art, details will
not be explained in any greater extent than that considered necessary as illustrated above, for the
understanding and appreciation of the underlying concepls of the present invention and in order not
o obfuscale or distract from the teachings of the present invention.

In order to support a ORI daisy chain configuration, sach RE/REC node may use a pair of
CPRI modules connected through auxiliary interfaces. Both CPRI modules comprising the pair may
be connectad to a local systam bus that allows the local processor to extract receive data from and
to insert transmit data to the uplink and the downlink paths. Slow C&M channel (HDLC) data flow
may be handied in this way. FIG. 1 shows an example where the dataflow of the slow C&M

channel (HDLC) over a CPRI link is in a single REC and multiple RE configuration. In this example,
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four RE-s 101-104 are connected in a chain configuration and linked to an REC 105 which is
provided with a CPRI unit 106. Each RE 101-104 comyprises a radio 107, a local Ethernst 108, a
local buffer 109 and a pair of CPRI modules 116,111 configured in a master and slave
arrangement and connected through auxiliary interfaces. An uplink data flow foliows a path 112
from the RE1{4 most remote from the REC 105 through the other are RE-s 1033, 102, 101 in the
chain in sequence o the REC105. A downlink data flow follows a path 113 from the REC 105
through each RE in the chain in sequencs.

An example embodiment of the present invention may be configured for managing HDLC
data packets over the CPRI whereby each node is capable of supporting the following capabilities
on both the uplink and downlink paths: firstly, the capability of extracting the received data packets
intended for a local node and storing them in a local buffer memory for user application and at the
same time, forwarding all received packels o the next node in the chain: secondly, the capability
for inserting HDLC data packels which are generated by the local node into the HDLC dataflow
without dropping and/or corrupting any data packels already in the chain: and thirdly, the capability
for maintaining the HDLC packet flow over the CPRI link when the local processor goes through ils
soft resst sequsnce.

Referring now to FIG. 2, a first (receive) CPRI Lane may comprise a receive HDLC direct
memory access (DMA) module 201 and a receive framer 202 which includes a recsive HDLC
media access control (MAC) module 203. Receive HDLC buffers 204 which may form a part of 3
system memory and a receive HDLC buffer descriptor ring 205 are linked to the receive HDLC
DMA module 201. A sscond (fransmit) CPRI Lane may comprise a transmit HDLC dirsct memory
access (DMAY module 208 and a transmit framer 207 which includes a transmit HDLC MAC
moduls 208,

A remots packet buffer which may comprise a first FIFO (first-in-first-out) buffer 208 may be
connectsd with the receive HBLC DMA module 201. A local packet buffer which may comprise a
second FIFO 210 may be connected with the transmit HDLC DMA module 206. In this example, an
arbiter 211 is connected between the first FIFO buffer 209 and the second FIFO buffer 210 and
also aperably coupled to the transmit HDLC MAC module 208.

The first FIFO 209 may hold incoming ramote packats and may also hold sideband data (that
is, remote packet size). The second FIFO 210 may hold locally-generated packets for delivery into
an oulgoing daia stream. The second FIFO 210 may also hold sideband dala, that is, local packel
size.

Dala packels gensralad by the local node and held in the second FIFO 210 may be inserled
info the HDLC data flow and with a lower priorily than the remote data packets held in the first FIFO
208. That is fo say that there Is an arbitration schemes between the remote and lecally-generated
packets. For sxample, when there are fres slots in the HDLC channel data flow, the loeally-
generated data packets are inseried. In one example of operatlion, the priority for forwarding
raceived (remote) packsis {to the naxd node in the chain) is always higher than for forwarding local
packets. The arbiter 211 selects packels according to the priority and forwards them to the transmit

HDLC MAC module 208 which may then insert them into an oulgoing datastream in accordancs
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with known CPRI technigues. An empty or almost empty first FIFO 209 for example, may indicate
to the arbiter 211 that there is an opportunity for forwarding local packets.

The receive HDLC MAC module 203 may be arranged o operate on sach incoming HBLC
packet by stripping the CRC (Cyclic Redundancy Check) in accordance with conventional
praceduras. All received (remote) data packets may be written into the receive HDLC buffers 204
for user application on receiving the relevant huffer descriptors from the buffer descriptor ring 205.
The receive HDLC DMA module 201 may add iags of packetl length o all received {remotel)
packets and send the packets and the tags to the first FIFO buffer 209. Tags may also contain
sfatus information and CRO data thal may be added by the recelve framer 202

The tags associaled with packets give an indication of the size of packets stored the first
FIFQ 208, Thus, the first FIFO 209 may also be arranged so that it can provide an indication to the
arbiter 211 if the remaining room in the FIFO is above a programmable threshold. The FIFO size
may be predeterminad and presel in order fo ensure that no received packets are dropped or
corrupted because of an overflow condition. The fransmit framer 207 may commence {o insert a
iocal packet {or packets) into the HDLC channel data flow when the first FIFQ 209 is emply or
when the amount of data stored thersin is balow the pre-detsrminad threshold. When this occurs,
there will be a free slot in the HDLC channel data flow ¥ no remote packets require forwarding to
the next node. The first FIFO 209 may be prevented from overflowing with incoming data {while
local data packets ars being transferred from the arbiter 211 1o the transmit framer 207), according
{o the maximum supported size of a local packet that can be inserted into the HDLC datastream.
HEOLC maximum transmission rate is known {depending on the CPRI link rats) and may be used to
determine a first FIFO buffer size. In this way, local packeis may be inseried without loss of any
remote packets.

The exemplary method used for arbitrating remote and local packets may forcs all HDLC
packets to go through a transmit HDLC MAC sngine 208 instead of via any auxiliary intsrface
which might be provided in the CPRI modules. This method has two advaniages. Firstly, #t
aliminates the need to dynamically reconfigure the awdliary interface mapping table. Secondly it
aliminates any possibility of packet corruption or loss when inserling locally generated packets.
This example embodiment keeps the feature of maintaining the CPRI daisychain configuration
without any disruption to the HDLC channel flow when the local processor goes through any soft
resel event. As the local processor enters the soft resel cycle, the local HDLC packets will not be
presented to the arbiter 211. Hence the remole packels abways win the arbitration and all received
packets are forwarded to the transmitting CPRI framer without disruption.

Thus an apparatus for controlling packet dataflow may comprise a buffer 209 for
holding received packets, a buffer 210 for holding locally-generated packels and an arbiter 211 for
selecting received packets and local packets, according to a predetermined priovity, for onward
transmission.

An example of a method for controlling packet data flow will now be described with
raference to the simplified flowchart of FIG. 3. At 301, remots packst data is received at a first

framer, Al 302, the recaived remole packel dala is transfarred {0 a remote packet buffer. An
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arbitration process occurs at 303 where priority is given 1o remole packets over local packets. At
304, sslscted packet data is transferred to a second framer and at 305 ths packet dala is
transmitied onwards o another node in the communications chain,

Reference will now bs fo FIG. 4A and 4B, each of which illustraie an sxample of a
communications node 4011 which may be linked to other communication notes {nol shown) in a
chain configuration. The node 401 includes an example of apparatus suitable for controlling HDLC
packet data flow. FIG 4A illustrates an example of uplink HDLC packet data flow through the node
401. Figure 4B illustrates an example of downlink HDLC packet data flow through the
cormmunication node 401,

With reference to both FIGS. 4A and 4B, in one embodiment, the node 401 includes a
serialiser/deserialiser interface 402 which is connecled with a CPRI module 403, The CPRI module
403 in this exampie includes a first framer 404 and a second framer 405 which may be
interconnecied by an auxiliary interface 406, The first framer 404 may be connected with a first
processing block 407 which may contain a first receive direct memory access module (DMA) 408
and a first transmit direct memory access module 409, The second framer 405 may be connected
with a second processing block 411 which may contain a second receive direct memory access
moduls 412 and a second transmit direct memory access module 413, The first processing block
407 may further be provided with a third receive direct memory access module (DMA) 410 (for
example, for transactions towards a multi-accelerator platiorm engine (MAPLE) The second
procassing block 411 may further be provided with a fourth direct memory access module (DMA)
414 {for example, for transactions towards a multi-accelerator platform engine MAPLE). Both the
first processing block 407 and the second processing block 411 may be connected o a sysiem
memory 415. The system memory 415 may include a remote packet data store 416 and a local
packet data stors 417

The CPRI module 403 may also be provided with first and second received packet data
buffers 418, 419 which may be FIFC buffers. In this example, the first received packet data buffer
418 is connected between the first remote receive DMA module 408 and a first arbiter 420. The
second receive data packet buffer 419 is connacted betwesen the sacond recaive DMA module 412
and a second arbiter 421. A first ocal packet data buffer 422 (which may be a FIFO buffer) s
connected between the first transmit DMA module 409 and the second arbifer 421, A second local
packel data buffer 423 (which may be a FIF0O) is connected belween the second transmit direct
memory access module 413 and the first arbiter 420, An output of the first arbiter 420 is connecled
with the second framer 405, An oulpul of the second arbiter 421 is connected with the first framer
404,

With reference o FIG 4A, control of HDLC packet data flow 424 in the uplink direction will
now be described. HDLC packet data is received from a remots nods by the first framer 404 via the
serialiser/deserialiser interface 402. The first framer 404 strips the CRC. The first receive direct
memory access (DMA) module 408 adds tags for packst length and sends the tags and all
received packels (o the remote packet data store 416 in the system memory 415 and also to the

first received packet data huffer 418, The second transmit BMA module 413 transfers tags and
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local packsis from the local packst store 417 to the second local buffer 423. The first arbiter 420
arbitrates between remote and local packsts in order o determine the order of packst transmission
from the CPRI module 403, Remote packets always have higher priority. A remote received packet
for transmission is sent from the first received packet data buffer 418 {o the second framer 405 if it
wins the arbitration. Otherwise, ocal HDLC packet dala is sent from the second local buffer 423 to
the second framer 405 via the first arbiter 420.The second framer 405 prepares the data packels
for transmission in accordance with the CPRI standards and iransfers them to the
serialiser/deserialiser interface 402 where the data packets may be transmilted onwards to an
upstream node.

With reference to FIG. 4B control of HDLC packet data flow 425 in the downlink direction will
now be described. HDLC packet dala is received from a remote node by the second framer 405
via the serialiser/deserialiser interface 402, The second framer 405 strips the CRC. The second
receive direct memory access module 412 adds tags for packet length and sends the tags and ali
received packets o the remotle packet data store 416 in the system memory 415 and also to the
second received packet data buffer 419, The first transmit DMA module 409 transfers tags and
iocal packets from the local packst store 417 {o the first local packet daia buffer 422, Tha second
arbitar 421 arbitrates between remate and local packsts in order (o determing the order of packst
fransmission from the CPRI module 403. Remote packets always have higher priority. A remote
received packet for transmission is sent from the second raceived packet data buffer 419 to the first
framer 404 if it wins ths arbitration. Otherwise, local HDLC packet data is sent from the first local
buffer 422 to the first framer 404 via the second arbiter 421, The first framsr 404 prepares ths data
packets for transmission in accordance with the CPRI standards and transfers them o the
serialiser/deserialiser interface 402 where the data packets may be transmitied onwards fo a
downsirsam node.

The invention thus pravides a method for extraction and inssrtion of HDLC packets over a
CPRI link at the data link layer. Hence, local packets do not need to be processed through a MAC
engine prior to entering the arbitration stage. Since ramote and local packets may be sent through
a transmit HRLC engine W arrive at an awdiiary muitiplexer on the same path as oneg another, any
awxiliary mapping table does not need o be dynamically updated when the CPRI module swilches
hetween transmitling remote and local packets. Further, the invention provides a hardware-based,
priotity-based HDLC packst parsing or framing insertion in a CPRI datalink layer The conneclion is
kept alive through soft reset flow.

The system and method as described with reference fo the accompanying figures has the
advantage of saving the need for an external HDLO switch. In addilion the use of the system and
method can minimise hardware design changes o existing CPRI modules. Further, the invention
permits a networking node in a chain to seamlessly manage the HDLC channel of a CPRI link on
both uplink and downlink paths.

The invention may also be implementad in a computer program for running on a computer

system, at least including code portions for performing steps of a method according to the invention
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whan run on a programmable apparatus, such as a computer system or enabling a programimable
apparatus o perform functions of a device or system according o the invention.

As an example, a tangible computer program product may be provided having executable
code stored thersin to perform a method for controlling packet data flow through a local
transmission node in g chain of ransmission notes the mathod including; receiving at a first framer,
remote packet data from a remote node in the chain, transferring received remote packet data o a
remote packet data buffer, arbitrating between packet data held in the remote packet data buffer
and local packet data, transferring remoie packet data and local packet data to a second framer
with remote packet data having pricrity, and transmitling packet data from the second framer io a
subsequent communication node.

A computer program is a list of instructions such as a particular application program and/or
an operating system. The computer program may for instance include one or more of: a subrouting,
a function, a procedure, an object method, an object implementation, an executable application, an
applel, a serviel, a source code, an object cods, a shared library/dynamic load fibrary andfor other
sequsnce of instructions designed for exscution on a computer system.

The computer program may be stored internally on computer readable storage medium or
fransmitted o the computer system via a computer readable transmission medium. All or some of
the computer program may be provided on computer readable media permanently, removably or
remotely coupled to an information processing system. The computer readable media may include,
for example and without limitation, any number of the following: magnetic storage media including
disk and tape storage media; optical siorage media such as compact disk media {e.g., CD-ROM,
CD-R, stc.) and digital video disk storage media; nonvolatile memory storage media including
semiconductor-based msemory units such as FLASH memory, EEPROM, EPROM, ROM;
ferromagnetic digital memories; MRAM; volatile storage media including registers, buffers or
caches, main memory, RAM, stc; and data transmission media including computer nstworks,
point-fo-point telecommunication equipment, and carrier wave fransmission media, just to hame &
few.

A computer process typically includes an executing (running) program or portion of a
program, current program values and state information, and the resources used by the operating
system o manage the execution of the process. An operaling system (03} is the sofiware that
manages the sharing of the resources of a computer and provides programmers with an interface
used o access those resources. An operating system processes system data and user input, and
responds by aflocating and managing tasks and internal system resocurces as a service {o users
and programs of the system.

The computer system may for instance include at least one processing unit, associated
memory and a number of inpulfoutput (HO) devices. When exscuting the computsr program, the
computer system processes information according fo the computer program and produces
rasultant output information via 1O devices.

in the foregoing specification, the invention has been described with referencs o specific

examples of embodiments of the invention. It will, however, be evidant that various modifications
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and changes may be made therein without daparting from the broader spirit and scape of ths
invention as set forth in the appended claims. For exampls, the arbitration schems described
above may be varied to allow different priorities to local and remote packets. The invention also
has application o the Ethernet protocol or L1 inband transmissions. In the case of Ethernet, buffer
descriptors may be used instead of local packet dala FIFO buffers (because of the higher rate of
Ethernet)

The connections as discussed herein may be any type of connection suilable to transfer
signais from or to the respective nodes, units or devices, for example via intermediate devices.
Accordingly, unless implied or staled otherwise, the connections may for example be direct
connections or indirect connections. The connections may be illustrated or described in reference
to being a single connection, a plurality of connections, unidirectional connections, or bidirectional
connections. However, different embodiments may vary the implementation of the connections.
For example, separate unidirectional connections may be used rather than bidirectional
connections and vice versa.  Also, plurality of connections may be replaced with a single
connection that transfers multiple signals serially or in a time multiplexed manner. Likewise, single
connections carrying multiple signals may be separated out info various diffsrent connsctions
carrying subseis of these signals. Therefore, many options exist for transferring signals.

Those skilled in the art will recognize that the boundaries between logic blocks ars merely
illustrative and that altsrnative embodiments may merge logic blocks or circuit elements or impose
an alternate decomposition of functionality upon various logic blocks or circuit elements. Thus, itis
o be undersiood that the architectures depicled hersin are merely exemplary, and that in fact
many other architectures can be implemented which achisve the same functionality. .

Any arrangement of components to achieve the same functionality is effsctively "associated”
such that the desired functionality is achieved. Hence, any two componenis herein combined to
achieve a particular functionalily can be seen as "associated with” each other such that the desired
functionality is achieved, irrespective of architectures or intermeadial components.  Likewise, any
two components so associated can also be viewed as being "operably connecied,” or "operably
coupled,” to each other & achiave the desired functionality.

Furthermore, those skilled in the arl will recognize that boundaries between the above
described operations merely lHustrative.  The multiple operations may be combined into a single
operation, a single operation may be distributed in additional operations and operations may be
executed at least partially overlapping in time. Moreover, alternative embodiments may include
multiple instances of a parlicular operation, and the order of operalions may be aliered in various
other embodimenis.,

Also for example, in one embadiment, the illustraled examples may be implemenied as
circuilry located on a single integrated circuit or within a same device.  For exampile ths eniire
functionality of the CPRI module 403 of FIGES 4A and 4B may be implemented in one integrated
circuit. Alternatively, the FIFO buffers 208, 210 and arbiter 211 of Fig.2 may be implementad as
circuilry located on 3 single integrated circuit or within a same device. That is to say that apparatus

for controlling packet data flow may be implemented in an integrated circuit. Allernatively, the
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examples may be implemented as any number of separate integrated circuits or separate devices
interconnected with each othar in a suitable manner. For example, the arbilers, ramote packet
FIFO's and local packet FIFC's may be implementad in a single integrated circuit device of FiGs.
4A or 4B. An integrated circuit device may comprise one or more dies in a single package with
electronic compeonenis provided on the dies that form the modules and which are connectable o
other components outside the package through suitable connections such as pins of the packagse
and bondwires between the pins and the dies.

Also for example, the embadiments, or portions thereof, may implemenied as soft or cods
representations of physical circuitry or of logical representations convertible into physical circuitry,
such as in a hardware description language of any appropriate type.

Also, the invention is not fimited o physical devices or units implemenied in non-~
programmable hardware but can also be applied in programmable devices or units able {o perform
the desired device functions by operating in accordance with suitable program code, such as
mainframes, minicomputers, servers, workstations, personal computers, notepads, personal digital
assistanis, electronic gamess, aulomotive and other embedded systems, cell phones and various
other wirsless devices, commonly danoted in this application as ‘computer systems’.

Howsaver, other modifications, vanations and allernatives ars also possible. The
specifications and drawings are, accordingly, to be regarded in an illustrative rather than in 3
rastrictive sense.

in the claims, any reference signs placed between parentheses shall not be construed as
limiting the claim. The word ‘comprising’ does not exclude the presence of other slaments or steps
then those listed in a claim. Furthermors, the terms “a” or “an,” as used herein, are defined as one
of mors than one. Also, the use of introductory phrases such as “at lsast one” and “one or more” in
the claims should not be construed to imply that the introduction of another claim element by the
indefinite articles "a" or "an” limits any particular claim confaining such introduced claim slement to
inventions containing only one such slement, even when the same claim includes the introduciory
phrases "one or more” or "at least one” and indefinite articles such as "a" or "an.” The same hoids
frue for the use of definite articles. Unless siated otherwise, terms such as “first” and “second” are
used to arbitrarily distinguish between the elements such terms describe. Thus, these terms are
not necessarily intended to indicale temporal or other prioritization of such elements. The mere fact
that certain measures are reciled in mutually different claims does not indicate that a combination

of these measures cannot be used {o advantage.
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Claims

1. A method for controlling packet data flow through a local transmission node {(102) in a chain of
transmission notes, the method including; receiving (301) at a first framer (202), remote packet
data from a remote note (103) in the chain, transferring (302} received remote packet data o a
remote packet data buifer (209), arbitrating (303) between packet data held in the remote packet
data buffer (209} and local packet data, transferring {304) remote packet dala and local packet data
to a second framer (207} with remote packet data having priosily, and fransmitting (308} packet

data from the second framer (207} to a subseguent communications node (101),

2. The method of claim 1 wherein the remole and local packet data is confrol and management

data carried on a HDLC channel.

3. The method of either of claims 1 or 2 wherein local packet data is transferred to the second

framer (207) when there is a free slot in the received packest data flow.

4. The method of any of claims 1 to 3 wherein tags of packet length are added {o the received

remote packet data and said tags are sent to the remols packet daia buffer (209).

5. The msthod of any preceding claim wherein the received ramote packst data is transferred to a

memory (204).

8. Apparatus for controlling packest data flow through a local transmission nods (102} in a chain of
nodes, the apparatus including a first packet data buffer (2019} for storing received remots packet
data from a remote node (103) in the chain, a second packet data buffer (210) for storing local
packet data, and an arbiter (211) for arbitrating betwsen local packet data and recsived remots
packet data and for transferring received remote packet data and local packet data according to a

predetermined order of priority for onward transmission {0 a node in the chain of nodes.

7. A system for conirolling packet data flow through a local transmission node (102) in a chain of
nodes, the system including a first framer (202} for receiving remote packet data from a remote
node (103} in the chain, a remole packel data buffer (209) for storing saild received remote packet
data, a local packet dala bhuffer (210) for sloring local packet data, an arbiter (211) for arbitrating
between local packet data and received remote packet dala in a predetermined order of priority,
and a second framer (207) for ransmitling packet dala selecied by the arbiter 21 o a

subsequent node (101) in the chain,

8. The system of claim 7 whersin the remote and local packst data is conirol and managemsnt

data carried on a HDLC channel.
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9. The system of claim 7 or 8 wherein the arbiter (211) is arranged o transfer local packet data to
the second framer (207) when an amount of data confained in the remote packet dala buffer (209)

is below a threshold value.

10. The system of any of claims 7 {o 8 wherein the remote packe! data buffer (209) has a size

depending on a maximum size of a local packet to be transmitied.

11, The sysiem of any of claims 7 o 10 including a direct memory access module (203) amanged
to add tags of packet length {o the received remote packet dala and to send said tags and said

received remotle packet data to the remote packet data buffer (211)

12. The sysiem of claim 11 including a memory (204) and wherein the direct memory acocess

module {201} is arranged 1o wrile the received remole packst dala into the meamory (204}

Pa

13. The apparatus of claim 6§ wherain the apparatus is implamented in one or mors integrated

circuil devices.

14. A tangible computer program product having exscutable code stored therein 1o perform a

method for controliing paclket daia flow in accordancs with claim 1.

18. The tangible computer program product of Claim 14 wherein the tangible computer program
product comprises at least one from a group consisting of: a hard disk, a CD-ROM, an optical
storage device, a magnetic storage device, a Random Access Memory, a Read Only Memory, a
Programimables Read Only Memaory, an Erasable Programmable Read Only Memory, EPROM, an

Electrically Erasable Programmable Read Only Memory and a Flash mamory.
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301

Receive remote packet dafa at first framer

302

Transfer remote packet data to remote
packet buffer

303

Arbitration

304

Transfer data to second framer

305

Transmit packet data

FiG. 3
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