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Abst ract

To enabl e scaling of existing transport systens to ultra high data
rates of 1 Thps and beyond, next generation systens providi ng super-
channel switching capability are currently being devel oped. To all ow
efficient allocation of optical spectral bandwi dth for such high bit
rate systens, International Tel ecommunication Union

Tel econmuni cati on Standardi zati on Sector (I TU-T) is extending the

G 694.1 grid standard (ternmed "Fixed-Gid") to include flexible grid
(ternmed "Flex-Gid") support (draft revised ITUT G 694.1, revision
1.4, Cct 2011). This necessitates definition of new | abel format for
the Flex-Gid. This docunent defines a super-channel |abel as a
Super - Channel ldentifier and an associated list of 12.5 GHz slices
representing the optical spectrum of the super-channel. The |abe

i nformati on can be encoded using a fixed length or variable length
format. This |abel format can be used in GWLS signaling and routing
protocol to establish super-channel based optical |abel swtched
pat hs (LSPs).

Status of this Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.
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Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF), its areas, and its working groups. Note that
other groups nmay al so distribute working docunents as Internet-
Drafts.

Internet-Drafts are draft docunments valid for a nmaxi num of six
mont hs and nmay be updated, replaced, or obsol eted by other documents
at any tine. It is inappropriate to use Internet-Drafts as
reference material or to cite themother than as "work in progress.”

The list of current Internet-Drafts can be accessed at
http://ww.ietf.org/ietf/1id-abstracts.txt

The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow. htm

This Internet-Draft will expire on April 8, 2014.
Copyright Notice

Copyright (c) 2013 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these documents
carefully, as they describe your rights and restrictions with
respect to this docunent. Code Conponents extracted fromthis
docunent nust include Sinplified BSD License text as described in
Section 4.e of the Trust Legal Provisions and are provided wi thout
warranty as described in the Sinplified BSD License.
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1. Introduction

Future transport systens are expected to support service upgrades to
data rates of 1 Thps and beyond. To scal e networks beyond 100Ghps,
mul ti-carrier super-channels coupled with advanced nulti-Ieve

nodul ation formats and fl exi bl e channel spectrum bandw dth

al | ocati on schemes have become pivotal for future spectral efficient
transport network architectures [1,2].

A super-channel represents an ultra high aggregate capacity channe
containing nultiple carriers which are co-routed through the network
as a single entity fromthe source transceiver to the sink
transceiver [3,7]. By multiplexing nmultiple carriers, nodul ating
each carrier with nmulti-Ilevel advanced nodul ati on formats (such as
PM QPSK, PM 8QAM PM 16QAM), allocating an appropriate-sized

fl exi bl e channel spectral bandw dth slot, and using a coherent

recei ver for detecting closely packed sub-carriers, a super-channe
can support ultra high data rates in a spectrally efficient manner
whi |l e mai ntai ning requi red systemreach. Figure 1 contrasts channe
spect rum bandwi dt h al | ocati on schenmes for various bit rate optica
paths on fixed-grid and flex-grid. ITU-T fixed-grid pernits

al | ocati on of channel spectrum bandwi dth in "single" fixed-sized
slots (e.g., 50GHz, 100GHz etc) independent of the channel bit rate.
In contrast, a flex-grid can allocate "arbitrary" size channe
spectral bandwi dth as an integer nmultiple of 12.5 GHz fine
granularity slices. This neans, a flex-grid can support nultiple
data rates channels (optical paths) in a spectrally efficient manner
as it allocates appropriate-sized spectrum bandwi dth slots, as
opposed to fixed-sized slots. As in the exanples in the figure, the
optical spectrumslices assigned will be to a given super-channel in
a contiguous manner. However, for flexibility in finding avail abl e
optical spectrumon fragnented fibers and to reduce signaling
message overhead, the two schenes proposed in this docunent al so
allow for identification of a split-spectrum super-channel with
optical spectral slices that are non-contiguous, spread across
multiple slots. Note that the channel capacity available on a given
nunber of optical spectral slices depends on (ampong ot her factors)
how many contiguous optical slots are used. The definition of the
channel capacity available for a split-spectrum super-channel split
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across nmultiple slots of different widths is outside the scope of
this docunent.
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2. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL
NOT", " SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in
this docunent are to be interpreted as described in RFC 2119

[ RFC2119] .

3. Mbtivation for Super-Channel Labe

[ RFC3471] defines new forns of MPLS "label" for the optical donmain
that are collectively referred to as a "generalized | abel"

[ RFC6205] defines a standard wavel ength | abel based on ITU- T fixed-
grids ([G694.1] and [G 694.2]) for use by Lanbda-Swi tch-Capabl e
(LSC) LSRs.

A new | abel format for super-channels assignment on flex-grid is
needed because the existing | abel formats (such as the waveband

swi tching | abel defined in RFC3471 and the wavel ength | abel defined
in RFC6205) either |ack necessary fields to carry required flex-grid
related information (e.g., channel spacing) or do not allow
signaling of arbitrary flexible-size optical spectral bandwidth in
an efficient manner (e.g., in terns of integer multiple of fine
granularity 12.5GHz slices). For exanple,

0 Waveband switching | abel format (defined in section 3.3.1 of
RFC3471) lacks fields to carry necessary information to support
flex-grid.

0 Wavelength | abel allows signaling of single fixed-size optica
spect rum bandwi dth sl ot only.

0 Wavelength | abel does not allow signaling of arbitrary flexible-
size optical spectrum bandw dth needed for super-channels
assi gnnent on flex-grid.
3.1. Flex-Gid Slice Numbering

G ven a slice spacing value (e.g., 0.0125 THz) and a slice nunber

n", the slice left edge frequency can be cal cul ated as foll ows:
Slice Left Edge Frequency(THz)= 193.1 THz + n*slice spacing (THz).

VWhere "n" is a two’ s-conplenent integer (i.e., positive, negative,
or 0) and "slice spacing”" is 0.0125 THz confornming to I TUT Fl ex-
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Gid.(Editor’s Note: in the future, if necessary the slice nunbering
schene will be updated in accordance with the Flex-Gid.)

Fi gure 2 shows an exanpl e using the slice nunber schene described
earlier.

3. 2. Super-Channel Labe

In order to setup an optical path nmanually or dynamically, we need a
way to identify and reserve resources (i.e., signal optical spectra
bandwi dth for the super-channels) along the optical path. For this
purpose, this document defines a super-channel |abel to cover the
cases of split-spectrum super-channels as well, such that the | abe
consists of a Super-Channel ldentifier and an associated list of
contiguous or non-contiguous set of 12.5 GHz slices representing
arbitrary size optical spectrum of the super-channels (Note: in the
future, slice granularity could be 6.25 GHz.)

(n=0 is 193.1 THz)
n=-2 n=-1 n=0 n=+1 n=+2
N N

AN

I
L=l l=- === ] ] ]+
8| 7] 6] 5| 4] 3] 2| 1| 0| 1| 2| 3| 4] 5] 6] 7|
e oo Fommm o - - Fommm o - - Fommm o - - +---

A super-channel with
Spectral BW= 150 GHz
(12 slices of 12.5 GHz)

_end = +4

(see | abel encoding

|
I
I
I
n_start= -7 |
n I
|
I
format for details) |

Figure 2 flex-grid exanple of the proposed slice nunbering schene.
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3.2.1. Super-Channel Label Encodi ng Format

This section describes two options (option A and B) for encoding the
super - channel | abel by maki ng extensions to the waveband switching

| abel [ RFC3471] and wavel ength | abel [ RFC6205] formats. (Editor’s
Note: the term super-channel is a placeholder until a newtermis
defined for this entity).

(0]

Option A Encode a super-channel |abel containing N frequency
slots as a list of Nentries inthe formof (n, m) , where nis
an integer that defines the nom nal central frequency of the
frequency slot and mis a positive integer that defines the slot
width in accordance with the G 694.1. O her than the encoding of
frequency slots (i.e., list of (n, n in option Avs. list of
(start, end) in option B) all other fields are identical in
Option A and B

Option B: Encode super-channel |abel as a list of start and end

slice nunbers corresponding to N slots, each consisting of

contiguous slices with each slot denoted by its starting and

endi ng slice nunmber (e.g., "n_start_1" and "n_end_1" represent

contiguous slices in slot#1, "n_start 2" and "n_end 2" in slot#2,
., "n_start N' and "n_end N' in slot#N)

0 1 2 3
01234567890123456789012345678901

B i S S T s i S T st i S S S S S S S S i
Super - Channel 1d(16-bit) |Gid | S.S. | Reserved (9-bit)]|
B i i i S e e T e R T S S e

+ e e e
|  Nunber of Entries(16-bit) |
e o i Sl e R SR
_ | n_end_1(contiguous slot #1)

B T i S S I el s S P S S S S S S N e S
| n I

+- + +

I

I

I

+

| Reserved (16-bit)
+

I

+

| n_start_2(contiguous sl ot#2) nd_2(conti guous sl ot #2)
+

I

I

+

I

+

Rl Tk Tk e e e e
n_start_1(contiguous slot #1)
_ _e
B T i e L e B e S e

B S i A S S S i s S S S S i stk s ST S S S
n_start_N (contiguous slot#N) | n_end_N (contiguous slot #N |
B i e e S e i el s ST S R T e I e S s s sl ol S S SR SR S

Super - Channel 1d: 16 bits
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This field represents a logical identifier for a super-channel or
split-spectrum super-channel. To di sanbi guate waveband swi t chi ng
and super-channel |abel applications, we propose to renane the
Waveband ldentifier (32-bit) as a Super-Channel ldentifier (16-
bit).

Gid: 3 bits

This field indicates the Gid type. The value for Gid should be
set to xx (to be assigned by ANA) for the ITUT flex-grid.

o a oo TR +
| Gid | Value |
B Fomm e oo - +
| Reserved | 0 |
e e e e Fomm e - +
|1 TUT DVWDM [ 1 [
o a oo TR +
[ITUT CWDM | 2 |
B Fomm e oo - +
[ITUT Flex-Gid | xx (TBD)|
e e e e Fomm e - +
| Future use | 3 -7 |
o a oo TR +

S.S. (slice spacing): 4 bits

This field should be set to a value of 4 to indicate 12.5 GHz in

bot h | abel s.

e I +
|S.S. (GHz)| Value |
Fom e - Fomm e o +
| Reserved | 0 [
. N +
| 100 [ 1 [
N T N +
I 50 I 2 I
Fom e - Fomm e o +
I 25 I 3 I
. N +
[ 12.5 | 4 [
N T N +
| Future use| 5 - 15 |
Fom e - Fomm e o +

Nunber of Entries: 16-bit
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This field represents the nunber of 32-bit entries in the
super - channel |abel (i.e., nunber of slots wi th contiguous
slices). For exanple, in the case of a super-channel with
contiguous optical spectrum this field should have a value of 1
(indicating one slot of contiguous slices).

n_start_i (i=1,2,...N): 16 bits
n_end i (i=1,2,...N): 16 bits

A super-channel with contiguous spectrumor a split-spectrum super-
channel with non-contiguous optical spectrum can be represented by N
slots of slices where two adjacent slots can be contiguous or non-
conti guous, however each slot contains contiguous slices. Each slot
is denoted by n_start_i (which indicates the |owest or starting 12.5
GHz slice nunber of the slot) and n_end i (which indicates the
hi ghest or ending 12.5 GHz slice nunber of the slot). "n_start i
and "n_end_i" are two’ s-conplenent integers that can take either a
positive, negative, or zero val ue.

0 Option C Encode super-channel |abel as a first slice nunber of
the grid (denoted as "n_start of Gid") plus the entire |list of
slices in the grid as a Bitnmap

0 1 2 3
01234567890123456789012345678901
B S S I T S S e e S S T S S S S i i S S

I

| Super-Channel 1d (16-bit) |Gid | S S Reserved (9-bit)]|
B i i S S i I e i S S R L e e e e
|n_start of Gid (16-bit) | Numof Slices in Gid (16-bit) |

T e o o s S e e e L o Tk o S e
| Bitmap Word #1(first set of 32 slices fromthe |left nost edge) |
B i S S T s i S T st i S S S S S S S S i
| Bitmap Word #2 (next set of 32 contiguous slice nunbers) [
T T e b i i e S e s b e S S S N SR

B T T i I T T o S S S e b S S S
| Bitmap Word #N(last set of 32 contiguous slice nunbers) |
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o

Wher e:

Super - Channel Id, Gid, and S.S fields are sane as descri bed
earlier in option B
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n_start of Gid: 16-bit

This field indicates the first slice nunber in Gid for the
band being referenced (i.e., the start of the |eft nost edge of
the Gid).

Num of Slices in Gid: 16-bit

This field represents the total nunmber of slices in the band.
The value in this field determ nes the nunber of 32-bitmap words
required for the grid.

Bit map (Word): 32-bit

Each bit in the 32-bitrmap word represents a particul ar slice
with a value of 1 or 0 to indicate whether for that slice
reservation is required (1) or not (0). Bit position zero in
the first word represents the first slice in the band (Gid)
and corresponds to the value indicated in the "n_start of
Gid" field.

Al'l three options allow efficient encoding of a super-channel | abel
wi th contiguous and non-contiguous slices. Option Cyields a fixed
length format while option A and B, a variable length format. Option
Cis relatively sinpler, nore flexible, however, might be |ess
compact than option A and B for encoding a single super-channel with
contiguous optical spectrum In contrast, option A and B provide a
very conpact representation for super-channels with contiguous
optical spectrum however, mght be less flexible in encoding split-
spect rum super-channels with arbitrary non-contiguous set of slices.

3.2.2. LSP Encodi ng Type, Switching Type, and Generalized-PID (G Pl D)
in Generalized Label Request

For requesting a super-channel |abel in a Generalized Label Request
defined in section 3.1.1 of RFC3471, this docunent proposes to use
LSP Encodi ng Type = Lanbda (as defined in RFC4328), Switching Type =
Super - Channel - Swi t ch- Capabl e(SCSC) (as defined in [6]), and a new G
PID type = OlfUadaptand a new GPID value (simlar to as defined in
section 3.1.3 of RFC4328) to be assigned by | ANA

4. Security Considerations

<Add any security considerations>
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5. 1 ANA Consi der ati ons

| ANA needs to assign a new Gid field value to represent ITU- T Fl ex-
Gid and a new G PI D val ue.
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Appendi x A Super - Channel Label Format Exanpl e

Suppose node A and Node Z are super-channel switching capable and
node A receives a request for establishing a 1 Tbps optical LSP from
itself to node Z. Assune the super-channel requires a "contiguous"
spectral bandwi dth of 200 GHz with | eft-edge frequency of 191.475
THz for the left-most 12.5 Gz slice and | eft-edge frequency of
191.6625 THz for the right-nost slice. This neans n_start = (191. 475
- 193.1)/0.0125 = -130 and n_end = (191.6625 - 193.1)/0.0125 = -115
(i.e. we need 16 slices of 12.5 GHz starting fromslice nunber -130
and ending at slice nunber -115).

Node A signals the LSP via a Path nmessage including a super-channe
| abel format encoding option B defined in section 3. 3:

0 1 2 3
01234567890123456789012345678901

B E e r e s i s i o T T s S S S S 2
| Super-Channel 1d (16-bit) |Gid]|] S.S. | Reserved (9-bit)]
B i s T T S T et S S T S I T s sl s ol ST S S S
| Reserved (16-bit) | Nunber of Entries (16-bit) |
B T i S S i S T h T i S S S S e
| n_start_1 (contiguous slot #1) | n_end_1(contiguous sl ot#1) |
B E e r e s i s i o T T s S S S S 2

Wher e:

Super - Channel Id = 1 :super-channel nunber 1

Nurmber of Entries: 1

Gid = xx S ITUT Flex-Gid

S.S. =4 : 12.5 GHz Slice Spacing

n_start_1 = -130 : left-nmost 12.5 GHz slice nunber for slot 1
n_end_1= -115 : Right-nost 12.5 GHz slice nunber for slot 1
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