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From the
President

new era in

wireless technol-

ogy is about to
dawn - an era that
promises to bring
unprecedented power
and flexibility to business.
The underpinning of this
new era is wireless data
technology, enabling
laptop or hand-held
devices to communicate
with PCs or Servers
through radio hook-ups,
using packet switching.

Most service providers

see a market developing
for these types of ser-
vices in the near future,
as customers are
beginning to see many
potential applications.
For instance, sales
people can use wireless
data to initiate orders
and shipping while they

Continued on page 2

Ethernet-over-SONET:
Part 2

thernet and SONET

are on a crash

course. With Ethernet
continuing to push its way out
of the enterprise into the
access and metro sectors,
developers of SONET equip-
ment are being pushed to
map Ethernet frames over
SONET/SDH links.

This is the second part in
our two-part set on mapping
Ethernet frames on SONET
links. In Part 1, we laid out
the benefits of mapping
Ethernet directly over SONET
(E0S). Additionally, we ex-
plored two of the encapsula-
tion techniques-virtual con-
catenation (VC) and the link
capacity adjustment scheme
(LCAS).

In this part, we’'ll continue
our discussion of encapsula-
tion techniques, looking at the
generic framing protocol
(GFP) and link access proce-

dure for SDH (LAPS). Let'’s
start with GFP.

GFP-The Basics

Packet traffic in a multi-
tude of co-existing protocols is
expected to dominate the flow
of network communications
traffic in the foreseeable
future. The bulk of data trans-
port will continue to be via
SONET/SDH or subsequently
optical transport networks
(OTN). Thus, an efficient
generic enveloping protocol
for adapting multiple types of
packet traffic to SONET/SDH
and OTN is needed. The
generic framing procedure
(GFP) fills this critical need
and enables efficient provi-
sioning of these multi-service
data connections.

GFP [G.7041] is a generic
mechanism for protocol data
unit (PDU)-oriented client

Continued on page 2

| n thisissue

Ethernet-over-
SONET:
Part 2




2

President’s Report...... Continued from page 1

are on the road. This collapses
response times, increases inventory
turns, and streamlines the supply
chain - exactly the trends needed to
excel in today’s intensely competitive
environment.

NTT in Japan is a leader in intro-
ducing wireless data services. In
partnership with Japanese and
international equipment vendors, NTT
is currently deploying ATM-centric 3G
wireless data communication equip-
ment. Their deployment plan is
aggressive. NTT already has 130,000
subscribers, and would like to have
nation-wide coverage by year-end
2003, when they expect to have at
least a half-million subscribers for
3G service.

China and Korea have also an-
nounced plans for rolling out 3G
services, and similar rollouts should
start in Europe and North America in
the next few years.

TranSwitch, through its affiliate
company IC4IC (www.icdic.com), is
actively engaged in developing
technology and products for next
generation wireless applications. Our
objective is to provide our customers
with an unprecedented level of
scalability and flexibility through
programmable VLSI solutions. Thanks
to our timely start, sharp focus, and
intellectual capital, we are confident
that we will be a major player in this
area as we are today in the wire-line
access and metro space.

,.Sayu tarn— ’I)WI
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signal adaptation to enable data
mapping into a SONET/SDH
virtual container. This mecha-
nism adapts traffic from higher-
layer client signals over an octet-
synchronous transport network.
GFP is also expected to support
the new resilient packet ring
(RPR) standard currently being
drafted by the IEEE 802.17
study group.

The basic GFP adaptation
mechanisms for various client
signals, a.k.a. the client/GFP
adaptation function, are of two
types:

1. A PDU-oriented adaptation
for client signals such as
IP/point-to-point protocol
(IP/PPP) or Ethernet media
access control (MAC)
frames, referred to as
frame-mapped GFP.

2. A block code-oriented
adaptation for 8B/10B
encoded clients such as
Gigabit Ethernet, fibre
channel, fiber connectivity
(FICON), or enterprise
system connection
(ESCON), known as trans-
parent GFP.

Frame-Mapped GFP

In the frame-oriented ap-
proach, PDU frames are directly
operated on by GFP. This re-
quires frame visibility of the
client protocol. The adaptation
takes place at the link layer of
the client signal.

The GFP framed adaptation
function operates on the entire
client PDU. Specifically, the
complete GFP frame can be
mapped into a suitable octet-
based transport frame, such as
in ANSI T1.105/ITU-T G.707
Sonet/SDH or a G.709 OTN
frame. The relationship of the
GFP adaptation to the higher-
layer client signal and the trans-
port path is shown in Figure 1.

There are several reasons
why the GFP frame-mapped
mode may be preferred in cer-
tain applications. The main
purpose of the linear frame
multiplexed mode is to feed
frames from multiple ports on
the PHY in the most bandwidth-
efficient manner possible. Gen-
erally, PDU-oriented frames
have idle times which may be
filled with flag characters (PPP/
HDLC) or silence (for Ethernet
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Figure 1: Relationship of GFP adaptation to client signals




MAC frames the minimum inter-
packet gap [IPG] = 96 bit times).

PDU visibility of framed
clients is necessary to strip out
idle times or IPGs, provide a
GFP frame, then pack multiple
frames more efficiently into a
single virtual container. After
stripping all unnecessary bits,
different types of PDUs encased
in Virtual Containers are fed into
a common large pipe. The mini-
mum IPG/idle requirements for
frame delineation are ensured at
the de-mapping end.

The Gigabit Ethernet, 10/100
Mbps Ethernet, packet over PPP,
and packet over simple data link
(SDL) protocols are examples of
client signals that can be
mapped in this manner.

Figure 2 indicates the rela-

Core Header: PLI+ cHEC

Payload Header; Type + cHEC

tionship of the Ethernet frame to
the GFP frame as it applies to
Ethernet MAC frames.

The Ethernet MAC frame is
illustrated in Figure 3. The
shaded part is mapped into GFP.

Transparent-Mapped GFP

Transparent-mapped GFP, or
simply transparent GFP, consti-
tutes the main mapping mode for
all 8B/10B block-coded clients,
including Gigabit Ethernet, fibre
channel, FICON, and ESCON,
among others. This mode is
intended primarily to support
Storage Area Network (SAN)
protocols, another currently
expanding application area.

In transparent mapping
block-coded client characters
are decoded then mapped into a
fixed-length GFP
frame. The 8B/
10B block en-
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P Exterron Heater 4 cHEG P ::1";«:;; cpdmg of indi-
- preambie ang | Vidual charac-
Payload Information pamarrrame | ters results in a
Optional Payload FCE higher timing
content in the
Figure 2: Framed Ethernet mapping in GFP signal. The
encoding also
provides a
Preamble T octets means of error
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Destination Address 8 oelets backplane
P & actats transport via a
so-called “dis-
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ity check en-
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Figure 3: Ethernet IEEE 802.3 MAC frame
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Figure 4: Basic GFP frame format

and ones in the signal is bal-
anced and effects error control
by maintaining a running dispar-
ity calculation. This calculation
determines the appropriate
encoding to be expected (either
positive or negative disparity) for
the character immediately follow-
ing.

Individual data and control
characters received from the 8B/
10B encoded client signal are
8B/10B decoded, then remapped
via transparent GFP into a 64B/
65B encoded fixed-length frame
consisting of multiple fixed-
length “super-blocks”. The 64B/
65B GFP frame is another
compressed encoding method
that more efficiently uses virtual
container bandwidth. This would
not be possible if the 10B-coded
characters were mapped directly.

One major advantage of 8B/
10B block-encoded client signals
is that they enable a generic

Continued on page 4
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transport mechanism based on
“character streaming”. For ex-
ample, characters may be trans-
mitted immediately without
waiting to receive an entire client
data frame.

Transparent GFP is the
method of choice to minimize
latencies over the entire map-
ping/demapping process and
provide transparency to block-
encoded control codes. However,
a disadvantage is that transpar-
ent-mapped clients are not
easily subjected to quality of
service (QoS)-based prioritized
services.

GFP Frame Structure

GFP defines two kinds of
frames: data frames and control
frames. Data frames carry client
data, while control frames
handle operations and overhead,
administration, & maintenance
(OA&M) information (refer to
G.7041). Figure 4 below illus-
trates the GFP data frame
format and all available fields.
Note: for additional details,
please check out the G.7041
specification.

The core header supports
frame delineation procedures
and essential data link opera-
tions functions independent of
the higher-layer PDUs. It con-
sists of the PDU length indicator
(PLI) and a core header error
check (cHEC) field. The payload
area, on the other hand, consists

of a payload header, a payload
field, and an optional payload
frame check sequence (FCS)
field.

The payload header supports
data link management proce-
dures specific to the higher layer
protocol. It includes a type field,
a type header error control
(tHEC) field, GFP extension
headers, and an extension
header error control (eHEC)
field. The type field indicates the
content of the GFP frame, in-
cluding the GFP frame format,
and the values defined subse-
guently. The GFP extension
header field is different for linear
(point-to-point) and ring configu-
rations. In linear configurations it
consists of two octets, while in
ring configurations it contains 16
octets. The payload field con-
tains the framed PDU.

Composition of Type, Exten-
sion Headers

The two type octets de-
scribed above have the following
composition. The GFP payload
type identifier (PTI) is a 3-b field
that indicates a data frame (PTI
= 0) or a management frame
(PTI = 4) with other values
currently undefined. The GFP
payload FCS identifier (PFI) is a
1-b field that indicates use of the
optional payload FCS.

The GFP extension header
identifier (EXI) is a 4-b field that
indicates the type of extension
header in use. EXI = 0 implies a

null header, EXI = 1 implies a
linear frame; and EXI = 2 implies
a ring frame. Other values of EXI
are currently not defined.

The user payload identifier
(UPI) is an 8-b field such that
when PTI = 0, it identifies the
type of payload and mapping in
the data frame, e.g., frame-
mapped Ethernet (UPI=1),
frame-mapped PPP (UPI=2),
transparent fibre channel
(UPI=3), transparent FICON
(UPI=4), transparent ESCON
(UPI=5), transparent Gigabit
Ethernet (UPI=6), and frame-
mapped multiple access protocol
over SDH (MAPOS) (UPI=8).

When PTI = 4, the UPI then
defines the management frame
type. Currently, only two values
are defined: UPI = 1 indicates a
client signal fail (CSF) for frame-
mapped clients; and UPI = 2
also defines client signal fail but
denotes loss of character syn-
chronization for block-coded
clients. The two extension octets
consist of a null header exten-
sion and a linear extension
header. A null header extension
implies that an extension header
and its associated HEC check
(eHEC) are not present. A null
header extension is generally
used in situations when all GFP
client data frames are mapped
into a single transport path
(SONET/SDH container/virtually
concatenated container) and
carry a single type of payload,
which is demapped at the receiv-
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ing end to a single physical port/
link.

The linear extension header
signifies multiple types of pay-
load from multiple ports/links
mapped in a frame-wise multi-
plexed manner into a single
transport path. In this case the
extension header contains two
octets. One octet is the channel
ID (CID), which is an 8-b field for
a destination port/link ID. The
other octet is unused. Two octets
of the eHEC are also required
for a linear extension header.

Ethernet over LAPS

The LAPS specification is
discussed in ITU-T recommen-
dation X.85/Y.1321 (IP over SDH
using LAPS). It is defined as a
type of high-level data link
controller (HDLC) that includes
data link service and protocol
specification used in transport-
ing IP packets over SDH net-
works.

LAPS enables the encapsu-
lation of IPv6, IPv4, PPP, and
other higher-layer protocols.
Additionally, it is fully compatible
with RFC 2615 (PPP over
SONET/SDH) when the address
field is set to “11111111".

LAPS provides a point-to-
point unacknowledged
connectionless service over
SDH. ITU-T recommendation
X.86 describes the adaptation of
Ethernet frames to LAPS for
subsequent transport through
SDH networks. The relationship

between Ethernet, LAPS, and
SDH is illustrated in Figure 5.

IEEE 802.3 MAC Frame

Reconciliation
Sublayer

MIl

GFP / LAPS

Rate Adaption

SDH

Figure 5: Relationship between
Ethernet, LAPS, and SDH

control field is also a single octet
with a value of 0x03. The source
access point identifier (SAPI)
field comprises two octets. The
LAPS FCS field is a 32-bit string;
its computation is described in
ITU-T recommendation X.85/
Y.1321.

Why GFP is a Better Option

GFP offers several significant

advantages when compared to
other PDU-oriented framing
mechanisms, such as LAPS
[ITU-T X.86]. These include:

1. GFP is more efficient than
LAPS. It has no inflation
factor and maintains a fixed
overhead almost equal to
the minimum overhead in
LAPS. Traffic management
and QoS control are signifi-
cantly easier.

2. GFP is more robust than
LAPS. A single bit-error in
the PLI and the cHEC field

The LAPS Continued on page 6
frame format for 2 7 5 4 5 2 1
higher-layer FLAG ’

rotocol encapsu-

:thion is showE in ADDRESS ?
Figure 6. The CONTROL 3
opening and SAPI (1" OCTET) 4
closing flag se- SAP (2% OCTET) 5
guence is 6
“01111110” and is IRFORRRTION

normall.y transmlt— APE FCB (1% OCTED Ned
ted during the time LAPS FCS (2% OETET) N-3
between frames. LAPE FCS (7" OCTET) N-2
The address field LAPS FCS (4™ OCTET) N-1
is a single octet FLAG M

with a value of
0x04, while the

Figure 6: LAPS frame format
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does not cause loss of
alignment, while with
LAPS, a single bit-error in
the flag causes misalign-
ment. The HEC framing
ensures a single bit-error
correction in the PLI.

3. GFP minimizes system
bandwidth requirements. It
allows multiple protocols
from different ports or links
to share the same transport
path, resulting in more
efficient use of available
bandwidth. The mechanism
that enables this consists
of both common and client-
specific elements. The
common aspects provide
the mechanism that en-
ables GFP frame delinea-
tion and apply to all GFP
traffic. The client-specific
aspects of GFP are con-
tained in the type and
extension headers. These
elements permit multiplex-
ing of several types of
protocols on a frame-by-
frame basis, each from a
potentially different port.

4. GFP supports RPR opera-
tion and is inherently more
suitable for packet traffic.
The newer SONET/SDH
VC and LCAS procedures
work much more efficiently
with GFP.

Summing it Up

Transporting data traffic
efficiently through global commu-
nications networks is becoming
increasingly important. Corpora-
tions also require Ethernet con-
nectivity across MANs and WANs
to communicate with their facilities
worldwide. A robust adaptation
mechanism for EoS, GFP pro-
vides an efficient, scalable and
unified mode of transport for
corporate LAN, SAN, Internet
access, and other data transfer
applications.
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