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Status of this Meno

This menmo provides information for the Internet community. This meno
does not specify an Internet standard of any kind. Distribution of
this meno is unlimted.

Aut hors’ Not e

This menmo docunents a nultiple access protocol for transm ssion of
net wor k- pr ot ocol dat agrans, encapsul ated in Hi gh-Level Data Link
Control (HDLC) frames, over SONET/SDH. This docunent is NOT the
product of an | ETF working group nor is it a standards track
docunent. It has not necessarily benefited fromthe w despread and
in depth community review that standards track docunents receive.

Abst ract

Thi s docunent describes the protocol MAPCS, Miltiple Access Protoco
over SONET/SDH, for transmtting network-protocol datagrans over
SONET/ SDH. It focuses on the core protocol -- other docunents listed
in the bibliography may be referenced in conjunction with this
docunent to provide support and services for protocols at higher

| ayers.

1. Introduction
1.1 SONET/ SDH

The Synchronous Optical Network/Synchronous Digital Hierarchy
(SONET/SDH) [1][2][3][4] family of ITU T standard protocols are
designed to provide common, sinple, and flexible interface for
broadband optical fiber transm ssion systens. |t enables direct
octet-synchronous nultiplexing of lower rate tributaries.
SONET/ SDH conpl i ant transm ssi on systens are w dely depl oyed by
tel ephone carriers world w de.

Thi s docunent defines the MAPOS protocol -- a method for transmitting
HDLC franmes over SONET/ SDH. The protocol provides nmultiple access
capability to SONET/ SDH, an inherently point-to-point link. This
enabl es constructi on of seam ess networking environnment using

SONET/ SDH as transm ssion media for both LAN and WAN.
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1.2 Possi bl e Configurations

The MAPGCS protocol provides multiple access, broadcast / multicast-
capabl e switched LAN environment using SONET/SDH | i nes as

transm ssion nedia. Possible configurations of MAPCS system are
shown in the followi ng diagrams. In (a), tw end nodes are connected
to each other. Figure (b) shows a star-topol ogy "SONET-LAN' where
mul tiple end nodes are connected to an HDLC frame switch. The frame
swi tch forwards packets between nodes and provides nmultiple access
capability. In (c), multiple frane switches are |inked together,
creating a switching cluster.

F-- - - - + F-- - - - +
| Node +----------mmommmem e + Node |
F--- - - - + F--- - - - +

(a) Point-to-Point configuration
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(c) Switching cluster configuration

Figure 1. Possible configurations

Each port on a switch has an unique identifier within the switch. A
node connected to a switch port must inherit the address of the port.
That is, the node address is equal to the port identifier and is

uni que within the switch.

In a switch cluster, a node address is subnetted. The high-order
bits, the part where the corresponding bits in the "subnet nask" are
1, indicate the switch address. The renmaining | oworder bits

i ndi cate the unique node address within the switch. The two fields
form an uni que address for a given node.

In either case, the address may be configured manually into a node

interface, or automatically by the address assi gnnent nechani sm
described in [5].
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Note that any two conponents may be connected either directly, or via
a | ong-haul SONET/ SDH | eased |i ne.

1.3 Packet Transm ssion

The protocol is connection-less -- when a node wish to comunicate
with some other node, it sinply fills-in the destination address of
an HDLC frane, places it in one or nore SONET/ SDH payl oads, and sends
it over a SONET/SDH I|i nk.

The switch forwards the frame to its destination based on the
destination address. In a switch cluster, the frame may be forwarded
by multiple switches and is eventually delivered to the specified
node. Broadcast and multicast are al so supported. Franes with an
invalid destination address are silently discarded.

Li ke ethernet, the multiple access capability is provided by a switch
or a switch cluster. Since MAPCS is a link layer protocol, it is

i ndependent of the upper |ayer protocols. That is, it can support any
network | ayer protocols such as |P. MAPGCS | Pv4 support is described
in [6].

2. Physical Layer

This protocol treats the underlying end-to-end SONET/ SDH transmni ssi on

link as if it was a plain, transparent channel. It sends HDLC franes
i n SONET/ SDH payl oads, and expects themto arrive at the other end
unal tered

Each node and switch should term nate SONET/ SDH over head such as
section overhead, |ine overhead, and path overhead according to the
speci fication of SONET/SDH. Unfortunately, SONET and SDH over head
interpretations are not identical. In addition, some SONET/ SDH

i npl ementations utilize some overhead bytes in proprietary manner

The detail of the interpretation is beyond the scope of this
docunent. Appendi x A describes some of the nost significant

di fferences anong SONET, SDH, and their inplenmentations that often
causes interoperability problens. |Inplenentors of SONET/ SDH
interfaces are strongly encouraged to be aware of such differences,
and provi de workaround options in their products.
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3. Data Link Layer
3.1 HOLC Frane For mat

MAPCS uses the sane HDLC-1like fram ng as used in PPP-over- SONET,
described in RFC-1662[7]. Figure 2 shows the frame format. Logica
Li nk Control (LLC), and Subl ayer/ Sub- Net work Access Protocol (SNAP)
are not used. It does not include the bytes for transparency. The
fields are transmtted fromleft to right.

S S S S +

I I I I I

| Fl ag | Address | Control | Protocol |

| 01111110 | 8bits | 00000011 | 16 bits

TS TS TS TS +
S R TS S
| | | | Inter-frame
| I'nformation | FCS | Fl ag | fill or next
| | 16/32 bits | 01111110 | address
o m e e e oo - Fomm e oo - Fomm oo - Fomm e oo -

Figure 2. Frane fornmat
Fl ag Sequence

Fl ag sequence is used for frame synchronization. Each frame begins
and ends with a flag sequence 01111110 (Ox7E). If a frane

i medi ately foll ows another, one flag sequence nay be treated as
the end of the preceding franme and the begi nning of the i mediately
following frane. Wien the Iine is idle, the flag sequence is to be
transm tted continuously on the line.

Addr ess

The address field contains the destination HDLC address. A frame
is forwarded by a switch based on this field. It is 8 bits w de
The LSB indicates the end of this field, and nust always be 1. The
MSB is used to indicate if the frame is a unicast or a nulticast
frane. The MSB of 0 neans unicast, with the remaining six bits

i ndi cating the destination node address. MsSB of 1 neans multicast,
with the renmaining six bits indicating the group address. The
address 11111111 (OxFF) neans that the frame is a broadcast frane.
The address 00000001 (0x01l) is reserved to identify the contro
processor inside a switch. Franmes with an invalid address shoul d
be silently discarded.
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. EA bit (al ways 1)

VAN

I

I

I

1 : broadcast, nulticast
0 uni cast

Fi gure 3 Address fornat
Cont r ol

The control field contains single octet 00000011 (0x03) which, in
HDLC nonencl ature, means that the frame is an Unnunbered
Information (U) with the Poll/Final (P/F) bit set to zero. Franes
with any other control field values should be silently discarded.

Pr ot ocol

The protocol field indicates the protocol to which the datagram
encapsul ated in the information field belongs. It conforns to the
| SO 3309 extension mechanism and the value for this field may be
obtai ned fromthe nost recent "Assigned Nunbers" [8] and "MAPCS
Version 1 Assigned Nunbers" [9].

I nformation

The information field contains the datagramfor the protoco
specified in the protocol field. The Ilength of this field may
vary, but shall not exceed 65,280 (64K - 256) octets.

Frame Check Sequence (FCS)

By default, the frame check sequence (FCS) field is 16-bits | ong.
Optionally, 32 bit FCS may be used instead. The FCS is cal cul ated
over all bits of the address, control, protocol, and information
fields prior to escape conversions. The |least significant octet of
the result is transnitted first as it contains the coefficient of

t he highest term

Inter-franme fil
A sending station nmust continuously transnmt the flag sequence as

inter-frane fill after the FCS field. The inter-frame flag
sequences nust be silently discarded by the receiving station
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When an under-run occurs during DMA in the sending station, it nust
abort the frame transfer and continuously send the flag sequence to
i ndicate the error.

3.2 Cctet-Synchronous Fram ng

MAPCS uses an octet stuffing procedure because it treats SONET/ SDH as
a byte-oriented synchronous link. Since SONET/SDH provi des
transparency, Async-Control -Character-Map (ACCM is not used. HDLC
franes are napped into the SONET/ SDH payl oad as fol |l ows.

Each HDLC frane is separated from another frame by one or nore flag
sequence, 01111110 (Ox7E). An escape sequence is defined to escape
the flag sequence and itself. Prior to sending the frane, but after
the FCS conputation, every occurrence of 01111110 (Ox7E) other than
the flags is to be converted to the sequence 01111101 01011110 (0x7D
Ox5E), and the sequence 01111101 (0x7D) is to be converted to the
sequence 01111101 01011101 (0x7D Ox5D). Upon receiving a frane, this
conversion must be reversed prior to FCS conputati on.

4. Further Reading

To fully utilize MAPGCS protocol, it is useful to reference other
docunents[5][6][9][10] in conjunction with this docunent.

5. Security Considerations
Security issues are not discussed in this neno.
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APPENDI X A. Differences anong SONET, SDH, and their |nplenentations

This section briefly describes the major differences anong SONET
which is an ANSI standard, SDH, an | TU-T standard, and their
i npl enent ati ons.

AU pointer (HL, H2, H3)

The AU pointer consists of bytes Hl, H2, and H3. The bits 5 and 6
of the Hl byte are called "SS bits," and are used to indicate the
of fset into the payl oad where the begi nning of a SPE is | ocat ed.
(Note that "SPE" is a SONET term-- SDH calls it "VC.") In the
case of OC-3c, SONET sets the SS bits of the second and the third
H1 bytes to 0, whereas SDH sets themto 10 for AU-4, and 01 for
AU-31. Although the SS bits may be ignored at the receiving
station, sone transm ssion systens di scards SONET/ SDH frames with
SS bits that it doesn't expect -- the sending station should be
aware of this, and include a configuration option to handle it.

Z1 and Z2

The Z bytes are reserved in SONET/ SDH.  Some transm ssion systens,
however, use themin a proprietary manner. SONET uses Z1 for Line
Error Monitoring. NIT, a carrier in Japan, utilized Z1 for
Automatic Protection Switching (APS.)

DCC Byt es

The D bytes are called the Data Comuni cation channel (DCC), and
are defined for maintenance and operations. However, sone carriers
and vendors use themin a proprietary nanner. For exanple, NIT s
STM1 UNI uses the D4, D5, and D6 bytes to transfer section and

pat h mai nt enance i nformation.
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