Met hod for Renoving Menber of LCAS from Sink and State Machine at Sink
Field of the Invention The present invention relates to comrunication
technol ogies, and nore 5 particularly, to a nethod for renoving a nenber
of a Link Capacity Adjustnment Scheme (LCAS) froma sink and a state
machi ne at the sink. Background of the Invention LCAS, defined by

I nternational Tel ecomruni cations Uni on Tel ecommuni cation Standardi zation

Sector (ITU-T) jn 7042, proyid a negotiation chanicembet ween 10
Vi rt ual mnMﬁéwewrgﬁmYu@m%&ﬂQMBO%ﬁ%% hat there
isno hit to traffic when aSirt@V dchatdad Simkr renoved fromthe sink,

thereby inplenenting hitless bandw dth nodification. Establishnment or

rel ease of a Virtual Concatenation (VC) and addition or renoval of a
menber arg. hif ed b G ging a field of a control packet and 15

establi SM‘Q—M&%&J@ process between the source and the sink. The
control pack describes the state of the VC link r

synchroni zat ﬁﬁen P SOk Ay BN, rﬂgtte%fok co%@%%aﬁxophge%gﬁgoﬁ%lgﬁan 3 RS nk. The
contragl tlar[r??it!?lay mefMedUREe Sethbeing ol hRwibeg of fal BinttsCaphcitivedjestmShtat us

(MST) field, sent fromthe sink to the source, used to convey 20 status of
t he nenbeSchemt (LGASYGonpa sipk aigbysteteqaachinarbiicedife (RS- Ack) bit, sent from
the sink to the source, wused for transferring a change of the sequence of
t he nmenbers detectﬁd py the sink: 3. Control (CTRL) field, sent fromthe
source t2ReXZEORRd Qllng tHhroni ze the sink with the source and
provi de the status of the nenber oIr the VCG 25 40 Grlrlxulg | dent J fti.ocnati on
(G D) bit, ubEdS: defingsebu Intsraatiqngh Lelpcqrymuijegiions Uigon (L Figc GANCY Check
(CRC) Tieddyqug8sidnCs AR (BY-T) BeceentrRbvilackfigotiation mechanism between

10 Virtual Concatenation Group (VCG) source and sink to guarantee that there is no hit

to traffic when a member is added to or removed from the sink, thereby implementing

hitless bandwidth modification.

Establishment or release of a Virtual Concatenation (VC) and addition or

removal of a member are achieved by changing a field of a control packet and

15 establishing a negotiation process between the source and the sink. The control packet
describes the state of the VC link and ensures synchronization of changes in network
between the source and the sink. The control packet mainly includes the following

fields:

1. Member Status (MST) field, sent from the sink to the source, used to convey

20  status of the members of the VC;

2. Re-Sequence Acknowledge (RS-Ack) bit, sent from the sink to the source,

used for transferring a change of the sequence of the members detected by the sink;

3. Control (CTRL) field, sent from the source to the sink, used to synchronize the
sink with the source and provide the status of the member of the VCG;

25 4. Group Identification (GID) bit, used for identification of the VCG;

5. Cyclic Redundancy Check (CRC) field, used to protect the control packet.



For each nenber in the VCG there is a state nmachine at the source and a
state mnmachine at the sink. The state machine at the source includes five
states: IDLE, NORM DNU (Do Not Use), ADD and REMOVE. The state nachi ne at
the sink includes three states: IDLE, OK and FAIL; wherein if an incom ng
signal for the 5 nmenber experiences no failure condition or has received

and acknow e@gfgacﬁ h&a&Sh thd %Cﬂqg%& ?%? sﬁ%ehrtng&i OGE sodRE aEAREBEe 1S 1N

the OK state; the 1 nconm ng signa e nmenber experiences a failure
condi t i onmachimn ai eosinkg The gtags madchime ratnhy abucé ihtledesnBwbetatdsagDbEen

i ved d know edged, . th .S FAIL state. In G.7042, f
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The det ai I nmpl ementation is described in the related standards. Because
t he addi membherexpegerwesiho Gdilurd eontetmdresr tats redeeved and eekrcsvledgedragkquestd to t he

present ipventi.on, . it wi]l pot be descrjbed, herei As to the addition or
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defined byt fignier £Q2ieRANOMI18RBNEITHARE afthcorndHdqué® féM8mbtaldfite and
hitless nodification of the bandw dth. Figure 1 1s a schematic di agram

i |1 ust r at magber has ot meéived mrdoasddowksdgdd, theemembgroy al thoF AL siettber i niti at ed
at the sink defined by the prior art G 7042. As showmn in Figure 1, when a

menber in th ate r.eceives a.renbve conman MOV fro t wor k
Managenent S taem%r\f/% g Rurpgse, I?fs%‘ﬁrc??Fel%’?:’ﬁOAlh% f(/)oRﬁlehtergffﬁ’ st%etTrL gé{geand
st opsg eagiymigeshay ®addiFem drhiemeeilngra mEdesiRuR BE idiigedantiersoorees to
the |IDLE state. Thus, the nenber is renpved. When the NMS initiates the

removal ofhe detaftedriimpleentationsisnkescribed e gbe i ralatesh stapdade dBee@ust ththe state
machi ne a h i j es. r el Vi : t he NMVS,
t he sink ésdéé]t%?gl %é%&%f%kkh ge Iﬁﬁ%&grf@ ﬁs‘a’%&‘rn(rzcg;%e%{ r@rgtgﬁqr&?he egl ﬁﬁ%\rgggf next
mul ti frangwill het bé ddscabapBertidadisng threadditivth drrremovalhe themeabeadtinal es t he
nenber to the IDLE state, i.e., the nenber is renpved.

at the sink, the state machine at the sink defined by the G.7042 cannot ensure that no

15  hit to the traffic and hitless modification of the bandwidth.

Figure 1 is a schematic diagram illustrating a negotiation procedure of the
removal of a member initiated at the sink defined by the prior art G.7042. As shown
in Figure 1, when a member in the OK state receives a remove command Mremove
from a Network Management System (NMS), the sink sends MST=FAIL to the

20  source, and stops reading payload from the member. The state of the member moves

to the IDLE state. Thus, the member is removed.

When the NMS initiates the removal of the member at the sink, the negotiation

procedure of the state machine at the sink includes:

1) After receiving the Mremove from the NMS, the sink sends MST=FAIL to the

25 source;

2) From the beginning of next multiframe, the sink stops reading payload from

the member and moves the member to the IDLE state, i.e., the member is removed.

It should be noted that the part circled by dotted lines in Figure 1, i.e., the state
machine of the removal of the member, is what is related to the present invention.

30  Other parts are the same as those defined in the G.7042 and are not described herein.



It should be noted that the part circled by dotted lines in Figure 1, i.e.,
the state machine of the renoval of the nenber, is what is related to the
present invention. 30 OQther parts are the sane as those defined in the

G 7042 and are not described herein. 2 The correspondi ng negoti ati on
procedure of the state machine at the source defined in the G 7042

I ncludes: 1) T]i@eco%bﬁ&lﬁiﬂgehéého%‘éﬁ&m RS MRE=5A e stde fRANEE oCTIR sl 0. e.,
indicate that the state of the menber is noved 5 fromthe NORM state to

t he DNU sdefived at thee7848Uimckide8) From t he begi nning of the next nultifrane,
the source stops sending payload to the nenber. In the above negotiation
procedure di t he T=FAl 11 y the sink will not be acquired by

t he source uﬂ?iﬁ% qrfggar\r’gsﬁebgéggﬁ‘k@wposi ng that a time 10 interval
fromthe sink sending the MST=FAIL to stopping readi ng payl oad fromthe
menber is tpp) @hbh%;&CiTMLE#ENU,fireqnm&i&EteSﬁhmrﬁe AaLE Wi the enethrfver Mook L to t he
menber noving to the DNU state is tTx. If the tine when the source stops
sendiny  fegitbaf ORM siatsstorthe PNUhaalicjatthageureet he sink stops readi ng payl oad,
for exanple, t is smaller or larger than tT,,+ 64ns/128ns, there will be
hit to the t | ' urce are
different. T Zﬁe OF%W\%%E}%E% ﬂghg?l g%tgmtﬁg]c mértléla-e'i(sot‘%es‘%@%%ﬁﬁ%ggﬁga%y t he

G 7042, itothanenibebe guaranteed no hit on the traffic when the sink
initiates the renoval of the nenber, and thus cannot guarantee the hitless
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provi tes mtsvatfeommglrhsink setdingthesYIRK=FAIL ftorploppiwatréasing payload from the
member is try, a time interval from the source acquiring the MST=FAIL to the
member moving to the DNU state is try. If the time when the source stops sending
payload differs from the time when the sink stops reading payload, for example, trx1s
smaller or larger than trx+ 64ms/128ms, there will be hit to the traffic. Moreover, the
15  trx and t7y for each sink or source are different. Therefore, with the state machine at
the sink defined by the G.7042, it cannot be guaranteed no hit on the traffic when the

sink initiates the removal of the member, and thus cannot guarantee the hitless

modification of the bandwidth.

Summary of the Invention

20 The present invention provides a method for removing a member of a Link
Capacity Adjustment Scheme (LCAS) from a sink, to guarantee no hit to traffic when

a sink initiates the removal of the member.

The present invention also provides a state machine at the sink for implementing
removal of a member initiated by a sink, to guarantee no hit to the traffic when the

25  sink initiates the removal of the member.
The method for removing a member of the LCAS from the sink includes:

notifying, by the sink, a source that a member to be removed is in a REMOVE

state after receiving a remove command; and




renmoval of a menber initiated by a sink, to guarantee no hit to the traffic
when the 25 sink initiates the renoval of the nenber. The nethod for
removing a nenber of the LCAS fromthe sink includes: notifying, by the
sink, a source that a member to be rermoved is in a REMOVE state after
receiving a renove command; and 3 determ ning, by the sink, whether a

noti ficati ongdi&sRRNGE by rBENstdke viilies €a nbtifié AR ré§fbnsd Frohhehensdurdd Bat i on
response i s not recelved, keeping the nmenber in the REMOVE state, keeping

readi ng paydivedd if thennetifecatientyespoasel invapt irergiveds keaping thet membek ib e esponse;

if the natifdl i on r.esponse i,s r IV Vi . an | DLE
state. THEMER Pk RREREGeide: RERAT Bop I PonkbdF B Tatipd dop D ¢
after reGgkficfthn RsFoRRBMVE tiRORBTHRA b edspoiRsR: is seRNiedgmotiyig tthemsinbly toa Menmber
Status (MST)=FAIL to the source; and noving, by the sink, the nenber from

a K st ata Esiie REMOVE state. 10 The notification response nessage
i ncludes CTRL= Do Not Use (DNU), or CTRL=ADD or CTRL=IDLE. The n®et hod

further 10 4eSehaRl fivcd Mol BE nihter iR RAMIAVE QAR difeP kit MeNber

from begi nni ng rame after receiving the notification
response a fefreRe changad indudet Ssehldmgnby iedsifikira MembemSthud €SIST3tBHPI tog, by t he

sink, reading paylogad fromthe . er after. novi t he n | DLE

state, ariie _§‘?‘6Fﬁ§i%ﬁ6 RISy ?hSrS“;EgEe msaaber fem %ﬁﬁﬁgé@ﬁo"ﬁggg}&ghﬁb&ﬁ | ure of
the nenbey.,is detected. The nethod further includes: renoving, by the sink,
the nenber after stopping reading payload fromthe nenber. 20 A state

machine at a sink of a Link Capacity Adjustment Scheme (LCAS) for
i mpl ergent i ngThe motifitatoh @sprewbenessage ingtusies KyTRIre [ Not i Uksl Y), eh | DLE

state, a CTRL=ADD or CTRL=IDLE.

The method further includes: stopping, by the sink, reading payload from the
member from beginning of a next multiframe after receiving the notification response

from the source.

15 The method further includes: stopping, by the sink, reading payload from the
member after moving the member to an IDLE state, and stopping waiting for the

notification response if a failure of the member is detected.

The method further includes: removing, by the sink, the member after stopping

reading payload from the member.

20 A state machine at a sink of a Link Capacity Adjustment Scheme (LCAS) for
implementing removal of a member initiated by the sink includes: an IDLE state, a
traffic carry state OK, a FAIL state, and a REMOVE state, wherein the sink waits for
a notification response from a source for acknowledging removal of a member at the

REMOVE state, and keeps reading payload from the member.

25 Wherein in the REMOVE state, the sink stops reading payload from the member
from beginning of a next multiframe after receiving the notification response from the

source.

In the present invention, a state for indicating that a member is in the remove

process, i.e., a REMOVE state, is added to the state machine at the sink defined by the




traffic carry state OK, a FAIL state, and a REMOVE state, wherein the sink
waits for a notification response froma source for acknow edgi ng renoval
of a nmenber at the REMOVE state, and keeps readi ng payload fromthe
menber. 25 Wherein in the REMOVE state, the sink stops reading payl oad from
the nenber from beginning of a next nultiframe after receiving the

noti fi catGgo4z. 68 RRNREMOVIE dtite, the GiHkC®aitd fortthen@ifadol rdspyesatitcanthea st ate
for indicating that a menber is _in the renpve process, i.e., a REMOVE
state, i ssontrgead kgepseadingtnaylpadrore the membes The siksstepsgeasing pyloyd! G 7042,
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payl oad despomsd. he nmenber from beginning of a next nultifrane after
receiving the notification response. 5 The nmethod, apparatus and state

machi ne provjded b he present.  inventian uaranpt ee, a synchr onous
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Figure 1 Ts a schemtic |agramllflustrat| ng a negotiation procedure of the
10 r enovathereby guarartbeng nohititathedradfic.t he si nk defined by the G 7042
according to the related art. Figure 2 is a schematic diagramillustrating
a negoti a i.OIil edyre reﬂoval of a nmenber initiated at the sink

accor di ngBristdlescriptaonolithe Drawings sent i nventi on. Enbodi nents of the

I nvention 15 The present invention is _described in detail as follows wth
ref erence t oFigheec dnisamyehrnaticadiagtpm dHestufine i Regatietion; pyegedure pk the
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Figure 2 is a schematic diagram illustrating a negotiation procedure of removal

of a member initiated at the sink according to an embodiment of the present invention.

Embodiments of the Invention

15 The present invention is described in detail as follows with reference to

accompanying drawings and embodiments.

Figure 2 is a schematic diagram illustrating a negotiation procedure of removal

of a member initiated at the sink according to an embodiment of the present invention.

In the OK state, the sink receives a remove command Mgrgmove from the NMS or the

20  source or other management devices. The sink notifies the source that the member to
be removed moves into the REMOVE state, and determines whether a notification
response is received from the source. If the notification response is not received, the

sink keeps the member in the REMOVE state and keeps reading payload from the
member and waits for the notification response. If the notification response is received,

25  the sink moves the member to the IDLE state. The negotiation procedure specifically

includes:

a) The sink sends an MST=FAIL to the source to notify the source to change the
state of the member at the source, and moves the state of the member at the sink from

the OK state to the REMOVE state;



In the OK state, the sink receives a renove conmand MREMOVE from the NVS or
the 20 source or other nmanagenent devices. The sink notifies the source
that the nmenber to be renoved noves into the REMOVE state, and determ nes
whet her a notification response is received fromthe source. If the
notification response is not received, the sink keeps the nmenber in the

REMOVE st at &) afedr Kﬂﬁ@ﬁn? gaoiasg =Ryl at fouesd sigrals OERbeDNaho meve the f or t he
notification response

f the notification respons d, 25the
Shk. v ewnie baeyerNOBM kst By the JINDeaT gt s BhCEPILEd
specifically includes: a) The sink sends an MST=FAIL to the source to
notify t fsource to change the state of the nenber at the source, and
nmoves the state of the nmenber at the sink from the OK state to the REMOVE
state; 5 b) oNFreh thetbegeminegof the METafiframet the sidustops siadingl raYIOTRL=DNU t o
nove the nmenber fromthe NORNIsté&gétﬁ%hPe DNU state, and sends the
CTRL=ONU fios tha eembien pitergpesty g the, ng of the next nultiframe, the
sink stops reading payload 5 fromthe menber after receiving the CTRL=DNU;

d) The sink P sﬁl@ﬁbﬁm meh®et Hog REMMECIRGatd & theaDIP fagttate to

i ndi cate tha er is renoved successfully. At the source, fromthe
next mul tihdicaenbattht exenshey mateinvyed beccSFRIIYDNU, t he source stops sendi ng
payload to the nmember. At the sink, fromthe next rrultifrarre 10 after

receiving th RL=DNU s n st ) re fenber.

Thus, a sync‘zgtrgrgroﬁf?s“%aﬁioﬁ 1? *pand @9%,?]?;}}{%?@% e sour ce and t he

si nk may {perce %?5 @éﬁcﬁ’ﬁ%’ a}HBﬁI &bthe%@hﬁé}t aeitigsink, Mot the nE)hentllltlﬁ'hﬁlec | t

should to be noted th t'he rt circled by dotted lines i i.e.,
bl

fo
the 16t atafiemechiving b CHRLFBMM:dhe ¢inkt #epsieasias paytoadrzam tge I Ed to the
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guaranteed, thereby guaranteeing no hit on the traffic.

It should to be noted that the part circled by dotted lines in Figure 2, i.e., the
state machine of the removal of the member, is what is related to the present invention.

15  Other parts are the same as those defined in the G.7042 and are not described herein.

Further, when the sink waits for the notification response from the source, if the
sink detects failure of the member, the sink stops reading payload from the member at
once and removes the member from the sink. Or, when the member is in the NORM
state, the sink determines whether to remove the member according to the CTRL field

20  sent by the source. For example, the sink determines to remove the member if CTRL=

DNU/ADD/IDLE is received.

The foregoing description is only the preferred embodiments of the present
invention and is not for limiting the protection scope of the present invention. All the
modifications, equivalent replacements or improvements within the principle of the

25  present invention shall be covered under the protection scope of the present invention.



Further, when the sink waits for the notification response fromthe source,
if the sink detects failure of the nenber, the sink stops readi ng payl oad
fromthe menber at once and renoves the nenber fromthe sink. O, when the
menber is in the NORM state, the sink determ nes whether to renove the
menber according to the CTRL field 20 sent by the source. For exanple, the
sink determ nes to renove the ”e”bqgldifnsCTRL: DNU ADDY | DLE is received.
The foregoing description is only the preferred enbodi nents of the present

invention ang s ngl, for Jiild 8GR0} 85l PapRRgRyalurkhespaRent

I nventi on. I Catl ns, equivalent re acerrent S Oor | nprovenents

wi t hin tt‘(gcwg Wégnﬁfcd;ﬁ;ﬁls&fg present invention shall be covered under the
protection scope of the present invention. 6 Clains 1. A nmethod for
removing a nenber of a Link Capaci Adj ust nent .Sch QH§A§} a S|nk
conprising: RYtymg Ry, 2 ks &spce é}\{%,toﬁﬁ’&%m?q{a{s ) ﬁm i'5°IN éﬁ

state fter npye conmand; and determining, by the si nk,
whet h a re Ylggﬁggrg?%én%lgg%cﬁse fromthe source is received; if the
notlflcatlon response is not received, keeping the nenber in the L REMOVE
state, keepi dgemsiaitighbypéy|siad Whashart h @otiBediion, respriseTon P PYKCG e

notification response; .Lf the notifi.cati on fes ving the
Tomber { crecatusdai B BOUHHHER TSHIORE h Attt te RERY T FEERen %

noti fyi nopENR R WikE %@inagt iR/ oddS frof tﬁ&meﬁﬁwﬁdswmmg abt ¢he

receiving a renove co nprises: sending, by the si n‘g nber St at us
( MBT) =FAl hotifmatidrerespanseeif thmotﬂfanngeSIbesetlﬁée@lW MOoKES fna oK
state to trgﬁ)I%END\/E state. 15 3. The nethod of claim1, wherein the
noti f i%at #Pk %tﬁt(?nse conprises any one of CTRL= Do Not Use (DNU),
CTRL=ADD and CTRL=I DLE.

2. The method of claim 1, wherein the notifying the source that the member is in

the REMOVE state after receiving a remove command comprises:
sending, by the sink, a Member Status (MST)=FAIL to the source; and
moving, by the sink, the member from a OK state to the REMOVE state.

15 3. The method of claim 1, wherein the notification response comprises any one

of CTRL= Do Not Use (DNU), CTRL=ADD and CTRL=IDLE.
4. The method of claim 1, further comprising:

stopping, by the sink, reading payload from the member from beginning of a next

multiframe after receiving the notification response from the source.
20 5. The method of claim 1, further comprising:

stopping, by the sink, reading payload from the member after moving the
member to an IDLE state, and stopping waiting for the notification response if a

failure of the member is detected.
6. The method of claim 5, further comprising:

25 removing, by the sink, the member after stopping reading payload from the

member.



4. The nmethod of claim 1, further conprising: stopping, by the sink,

readi ng payload fromthe nenber from beginning of a next nultiframe after
receiving the notification response fromthe source. 20 5. The method of
claim1, further conprising: stopping, by the sink, reading payload from
the menber after noving the nenber to an |IDLE state, and stopping waiting

for the notifjigatdmabifa®anssinkfof a LillaChpdcttyh djuhimeneSdhemei(ECAS) éurt ed. 6.
The nethod of claimb5, further conprising:. 25 renoving, by the sink, the

menber afitptensintipg rerpovad aflp membsy instiaied brthetsHK. CORBABYERE: 7" 7. A state
machi ne at a sink of a Link Capacity Adjustnent Scheme (LCAS) for

i npl ementing_r | . of [ O at Ay.it-hggsi nk, conprising: an | DLE
state, a traﬁﬁ%ﬁ)%gtﬁeyagggﬁwsﬁgpﬁ’%I?géft ea} ’ang a REMOVE state, where

the sink waits for a notification response froma source 5 for
acknow edgi ng REMOVE statk, wherentixesink svads Feepstifeatitmgspagt Gam § QS he

menber. 8. The state machine of claim?7, rein in.the st.at e, the
si nk St offer ackenylgdeipayiemryal P f‘}?é‘{{’]t%nﬁ‘g] %?Wﬁ%gﬁﬁnﬂﬁyﬁ‘gawg’é’ trtltgext

mul ti frarggelg{)érer receiving the notification response fromthe source. 8

8. The state machine of claim 7, wherein in the REMOVE state, the sink stops
reading payload from the member from beginning of a next multiframe after receiving

the notification response from the source.



