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(57) ABSTRACT 

A method for bearing a multi-protocol label Switching 
(MPLS) packet in a passive optical network (PON), a receiv 
ing method, an optical network unit (ONU)/optical network 
terminal (ONT)/optical line terminal (OLT), and a commu 
nication system are provided, which relate to an optical com 
munication network, and are designed to solve the technical 
problem that protocol stack layers are complicated when a 
PON and a mobile network are coupled. The sending method 
includes the following steps. An MPLS packet is obtained. 
The MPLS packet is encapsulated into a Gigabit PON 
(GPON) encapsulation mode (GEM) frame. The GEM frame 
is sent. The receiving method includes the following steps. A 
GEM frame is received. The GEM frame is decapsulated into 
an MPLS packet. The MPLS packet is sent. Therefore, tight 
coupling between the PON and the mobile network is real 
ized. 
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S101, An OLT obtains an MPLS packet from a service node function 

S102, The OLT encapsulates the MPLS packet into a GEM frame 
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S101, An OLT obtains an MPLS packet from a service node function 

S102, The OLT encapsulates the MPLS packet into a GEM frame 

S103, The OLT sends the GEM frame to the ONU 
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S201, An ONU receives a GEM frame from an OLT 

S202, The ONU decapsulates the GEM frame into an MPLS packet 

: 
S203, The ONU sends the MPLS packet to a CPN 

End 

b1 
Extract an MPLS packet loaded in a 
payload portion of the GEM frame 

b2 Reassemble the MPLS packet extracted 
from the GEM frame according to the 

PTI of the GEM frame 

FIG. 10 

    

  

  



Patent Application Publication May 19, 2011 Sheet 7 of 12 US 2011/0116796 A1 

MPLS processing unit 
111 

Encapsulation 
processing unit 112 

Framing processing 
unit 113 

ODN interface unit 114 

Sending unit 114 

S 

re 

SE 
S. P. 
ce op 

. 
V 

3 
2 3 
it as 

FIG. 11 

Encapsulation processing 
unit 112 

Segmentation/assembly unit 
1121 

Header adding unit 1122 

Framing processing unit 113 

ODN interface unit 114 

ONU/OLT/ONT 

FIG. 12 

  



Patent Application Publication May 19, 2011 Sheet 8 of 12 US 2011/O116796 A1 

Receiving unit 211" 
ODN interface unit 211 

Framing processing unit 212 

Encapsulation processing unit 213 

Decapsulation processing unit 213' 

MPLS processing unit 214 

FIG. 13 

ODN interface unit 211 

Framing processing unit 212 

Encapsulation processing unit 213 
Extraction unit 2131 

Segmentation/assembly unit 2132 

MPLS processing unit 214 
ONU/OLT/ONT 

FIG. 14 

  



US 2011/O116796 A1 May 19, 2011 Sheet 9 of 12 Patent Application Publication 

MPLS processing unit 

MUX processing unit 

SI ‘OIH 
  

  

  

  

  

  

  

  

  

  



US 2011/O116796 A1 May 19, 2011 Sheet 10 of 12 Patent Application Publication 

| 13 

WCIL 

WOII, 

ÁeM3498 

W LW/W (IL 

IGIxN 
( t + )) 

  

  

  



US 2011/O116796 A1 Patent Application Publication 

  

  

  



US 2011/O116796 A1 

JLNO/[ANO 

May 19, 2011 Sheet 12 of 12 Patent Application Publication 

  

  

  

  

  



US 2011/01 16796 A1 

METHOD, DEVICE, AND SYSTEM FOR 
BEARNG MULT-PROTOCOLLABEL 

SWITCHING PACKET IN PASSIVE OPTICAL 
NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of International 
Application No. PCT/CN2009/073342, filed on Aug. 19, 
2009, which claims priority to Chinese Patent Application 
No. 2008101.45767.8, filed on Aug. 19, 2008, both of which 
are hereby incorporated by reference in their entireties 

FIELD OF THE TECHNOLOGY 

0002 The present invention relates to an optical commu 
nication network, and more particularly to a method, an opti 
cal network unit (ONU)/optical network terminal (ONT)/ 
optical line terminal (OLT), and system for bearing a multi 
protocol label switching (MPLS) packet in a passive optical 
network (PON). 

BACKGROUND OF THE INVENTION 

0003. The entire reference architecture of an optical 
access network (OAN) is formed by a customer premises 
network (CPN), an access network, and a service node func 
tion, as shown in FIG.1. In the access network, an adaptation 
function (AF) is optional equipment, which mainly provides 
inter-conversion between an optical network unit (ONU)/ 
optical network terminal (ONT) interface and a user network 
interface (UNI). The AF may also be built in the ONU/ONT. 
In this way, a reference point (a) may be omitted. The AF may 
also be placed behind an optical line terminal (OLT) to per 
form inter-conversion between the OLT interface and a ser 
vice node interface (SNI). The AF can be regarded not only as 
the function of the CPN but also as the function of the access 
network. Main network elements of the access network 
include an OLT, an optical distribution network (ODN), an 
ONU/ONT, and an AF. T is a reference point of the UNI 
interface and V is a reference point of the SNI interface. The 
OLT provides a network interface for the ODN and is con 
nected to one or more ODNs. The ODN provides a transmis 
Sion means for the OLT and the ONU/ONT. The ONU/ONT 
provides a user side interface for the OAN and is connected to 
the ODN. Customer premises equipment (CPE) is connected 
to the AF through a UNI interface (for example, through a 
digital subscriber loop (DSL)). The AF converts a packet 
format from a UNI interface format to a format of an (a) 
interface (for example, an Ethernet link) capable of being 
connected to the ONU/ONT. The ONU/ONT then converts 
the packet into a format that can be transported on the ODN. 
Finally, the OLT converts the packet into a packet format of 
the SNI interface (for example, the Ethernet link) and then 
accesses a service node. 

0004. A passive optical network (PON) includes one OLT 
installed in a central control station and a set of matching 
ONUs/ONTs installed at a user's premise. The PON includes 
three technologies, namely, asynchronous transfer mode 
(ATM) PON (APON), Ethernet PON (EPON), and gigabit 
PON (GPON). At the same time, the PON further includes 
XPON evolved from existing EPON and GPON technologies 
to a next generation PON network. Taking the GPON as an 
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example, the structure of a GPON protocol stack is as shown 
in FIG. 2, which may be divided into three layers from bottom 
to top. 
0005. One layer is a GPON physical medium dependent 
layer (GPM), which is responsible for transmission of a 
GPON transmission convergence (GTC) frame on an optical 
fiber, transports an optical signal that flows on the optical fiber 
to a PON media access control (MAC) layer for data process 
ing, and converts a data signal transported from the PON 
MAC layer into an optical signal. 
0006. Another layer is an MAC layer. For the GPON, the 
MAC layer is a GTC layer, which may be divided into two 
Sub-layers. 
0007 (a) Transmission Convergence (TC) Adapter Sub 
Layer 
0008. At the TC adapter sub-layer, a service received from 
a GPON encapsulation mode (GEM) client is cut into GEM 
data blocks, and the GEM data blocks in the GTC frame are 
assembled into corresponding service data. 
0009 (b) GTC Framing Sub-Layer 
0010 Framing processing of a GTC TC frame is per 
formed at the GTC framing sub-layer. Specifically, a GTCTC 
header is added before a GEM data block to form a complete 
GTCTC frame according to control information of physical 
layer operation, administration, and maintenance (PLOAM). 
and the GTC TC frame is sent to the GPM. At the GTC 
framing sub-layer, header information of the GTCTC frame 
received from the GPM further needs to be removed, and the 
GTCTC frame is submitted to the TC adapter sub-layer for 
processing. 
0011. An encapsulation mode of service data provided by 
the GTC layer of the GPON is a GEM encapsulation mode, 
which is a variable-length encapsulation mode and Supports 
change of a length of a GEM encapsulation frame according 
to a length of the service data. Currently, the GEM encapsu 
lation mode mainly supports encapsulation of an Ethernet 
packet. 
(0012. The GPON further has a layer. In addition to a GEM 
client, the layer further includes (1) a PLOAM, responsible 
for operation, administration, and maintenance functions of a 
PON physical layer, and (2) an ONU/ONT management and 
control interface (OMCI), where data of the OMCI is the 
same as common service data in terms of being capable of 
being encapsulated into a GEM data block for transmission. 
0013 Multi-protocol label switching (MPLS) seamlessly 
integrates flexibility of an Internet Protocol (IP) routing tech 
nology and simplicity of layer 2 Switching, so that IP forward 
ing efficiency is improved. More importantly, the MPLS 
establishes a connection-oriented label Switching path, so as 
to provide end-to-end quality of service (QoS) flexibly, and 
further perform traffic engineering and provide a virtual pri 
vate network (VPN) service, thereby providing manageable 
and operable networks for operators. 
(0014. As a shim, the MPLS may be applied to a layer 3 IP 
data packet, an MPLS label is added before the IP packet, a 
label Switching path is established, and then an L2 layer 
header is adds for transport. The L2 header may be a Point 
to-Point Protocol (PPP) header or an Ethernet header. 
(0015 The MPLS may also be applied to a layer 2 data 
network. Layer 2 data such as Ethernet, ATM, or frame relay 
(FR) is emulated and encapsulated, so as to establish a virtual 
channel (VC) or pseudo wires (PW) in which the layer 2 data 
is transported. A structure of an MPLS-based layer 2 or layer 
3 VPN (L2 or L3 VPN) uses an MPLS inner layer label to 
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identify different VCS/PWs (that is, a layer 2 tunnel) and uses 
an outer layer label as a public tunnel. Equipment in a service 
operator network does not need to maintain any layer 2 infor 
mation but only performs MPLS forwarding on a public 
network tunnel according to MPLS label information. 
0016. In the prior art, a packet switch network (PSN) is 
usually used as a metropolitan area aggregation network after 
the PON. If the PON is used as a base Station backhaul 
technology, the MPLS is required to be movable down to the 
ONU/ONT or the base station, so as to form end-to-end 
connection capability in a network following the base station, 
thereby supporting wireless voice service. However, in the 
prior art, the required objective is achieved as follows: Firstly, 
the Ethernet bears the MPLS to perform QoS mapping from 
the MPLS to the Ethernet, and then the PON bears the Eth 
ernet to perform secondary QoS mapping from the Ethernet 
to the PON, resulting in many protocol stack layers, low 
bearing efficiency, and great complexity and high costs for 
implementation. In addition, the backhaul of the base station 
imposes high requirements on the bandwidth of the PON, 
while the PON is an access technology that shares medium 
and is a bottleneck of bandwidth for a network, and packet 
header overhead is large due to many protocol stack layers, 
causing a bandwidth bottleneck problem of the PON. 

SUMMARY OF THE INVENTION 

0017. The present invention is directed to a method for 
bearing a multi-protocol label switching (MPLS) packet in a 
passive optical network (PON), a method for receiving an 
MPLS packet in a PON, an MPLS encapsulation device, an 
MPLS decapsulation device, and a communication system, 
so as to simplify protocol stack layers when the PON is used 
for base station backhaul, reduce overhead of the protocol 
stack layers, and improve bearing efficiency. 
00.18 Embodiments of the present invention adopt the 
following technical solutions. 
0019. In an embodiment, the present invention provides a 
method for bearing an MPLS packet in a PON, which 
includes the following steps. 
0020. An MPLS packet is obtained. 
0021. The MPLS packet is encapsulated into a gigabit 
PON (GPON) encapsulation mode (GEM) frame. 
0022. The GEM frame is sent. 
0023. In an embodiment, the present invention provides a 
method for receiving an MPLS packet in a PON, which 
includes the following steps. 
0024. A GEM frame is received. 
0025. The GEM frame is decapsulated into an MPLS 
packet. 
0026. The MPLS packet is sent. 
0027. In an embodiment, the present invention provides an 
MPLS encapsulation device, which includes an MPLS pro 
cessing unit, an encapsulation processing unit, and a sending 
unit. 
0028. The MPLS processing unit is configured to obtain 
an MPLS packet. 
0029. The encapsulation processing unit is configured to 
encapsulate the MPLS packet into a GEM frame. 
0030 The sending unit is configured to send the GEM 
frame. 
0031. In an embodiment, the present invention provides an 
MPLS decapsulation device, which includes a receiving unit, 
a decapsulation processing unit, and an MPLS sending unit. 
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0032. The receiving unit is configured to receive a GEM 
frame. 
0033. The decapsulation processing unit is configured to 
decapsulate the GEM frame into an MPLS packet. 
0034. The MPLS sending unit is configured to send the 
MPLS packet. 
0035. In an embodiment, the present invention provides an 
optical communication system, which includes an MPLS 
encapsulation device and an MPLS decapsulation device. The 
MPLS encapsulation device is configured to: 

0.036 obtain an MPLS packet; 
0037 encapsulate the MPLS packet into a GEM frame; 
and 

0038 send the GEM frame. 
0039. The MPLS decapsulation device is configured to: 

0040 receive a GEM frame: 
0041 decapsulate the GEM frame into an MPLS 
packet; and 

(0.042 send the MPLS packet. 
0043. In the technical solutions according to the embodi 
ments of the present invention, an optical line terminal (OLT) 
encapsulates a received MPLS packet into a GEM frame and 
sends the GEM frame to an optical network unit (ONU)/ 
optical network terminal (ONT); and the ONU/ONT decap 
Sulates the GEM frame received from the OLT into an MPLS 
packet and send the MPLS packet. Or, the ONU/ONT encap 
sulates a received MPLS packet into a GEM frame and sends 
the GEM frame to the OLT; and the OLT decapsulates the 
GEM frame received from the ONU/ONT into an MPLS 
packet and sends the MPLS packet. Therefore, tight coupling 
between the PON and a mobile network is realized. Since an 
MPLS over GEM transmission mode is adopted, protocol 
stack layers when the PON is used for base station backhaul 
are simplified, overhead of the protocol stack layers is 
reduced effectively, the bearing efficiency is improved, and 
the bandwidth bottleneck problem of the PON in the base 
station backhaul is solved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044 FIG. 1 is an architectural view of an OAN in the 
prior art; 
004.5 FIG. 2 is a schematic view of GPON protocol lay 
ering in the prior art; 
0046 FIG. 3 is a flow chart of a method for bearing an 
MPLS packet in a PON according to a first embodiment of the 
present invention; 
0047 FIG. 4 is a flow chart of a process of encapsulating 
an MPLS packet into a GEM frame in a method for bearing an 
MPLS packet in a PON according to a second embodiment of 
the present invention; 
0048 FIG. 5 is a schematic view of encapsulating the 
MPLS packet into the GEM frame in FIG. 4; 
0049 FIG. 6 is a schematic view of a first method for 
mapping the MPLS packet after segmentation or assembly to 
a payload of a GEM frame in FIG. 4; 
0050 FIG. 7 is a schematic view of a second method for 
mapping the MPLS packet after segmentation or assembly to 
a payload of a GEM frame in FIG. 4; 
0051 FIG. 8 is a schematic view of a third method for 
mapping the MPLS packet after segmentation or assembly to 
a payload of a GEM frame in FIG. 4; 
0052 FIG. 9 is a flow chart of a method for receiving an 
MPLS packet in a PON according to a first embodiment of the 
present invention; 
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0053 FIG. 10 is a flow chart of a process of GEM decap 
sulation of an MPLS packet borne in a GPON in a method for 
receiving an MPLS packet in a PON according to a second 
embodiment of the present invention; 
0054 FIG. 11 is a structural view of an ONU/ONT/OLT 
according to a first embodiment of the present invention; 
0055 FIG. 12 is a structural view of an ONU/ONT/OLT 
according to a second embodiment of the present invention; 
0056 FIG. 13 is a structural view of an ONU/ONT/OLT 
according to a first embodiment of the present invention; 
0057 FIG. 14 is a structural view of an ONU/ONT/OLT 
according to a second embodiment of the present invention; 
0058 FIG. 15 is a structural view of an optical communi 
cation system according to an embodiment of the present 
invention; 
0059 FIG. 16 is a network structural diagram of a first 
application scenario of an optical communication system 
according to an embodiment of the present invention; 
0060 FIG. 17 is a network structural diagram of a second 
application scenario of an optical communication system 
according to an embodiment of the present invention; and 
0061 FIG. 18 is a network structural diagram of a third 
application scenario of an optical communication system 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0062. A method, an optical network unit (ONU)/optical 
network terminal (ONT)/optical line terminal (OLT), and a 
system for bearing a multi-protocol label switching (MPLS) 
packet in a passive optical network (PON) according to 
embodiments of the present invention are illustrated in detail 
in the following with reference to the accompanying draw 
ings. 
0063. In an embodiment, the present invention provides a 
method for bearing an MPLS packet in a PON. 
0064. The embodiment of the present invention may be 
applied in a first scenario where an ONU/ONT obtains an 
MPLS packet from a customer premises network (CPN) or a 
second scenario where an OLT obtains an MPLS packet from 
a service node function. In the embodiment of the present 
invention, the second scenario, that is, the OLT obtains the 
MPLS packet from the service node function, is taken as an 
example for illustration. 
0065. As shown in FIG. 3, an embodiment of the present 
invention provides a method for bearing an MPLS packet in a 
PON. 

0066. The method for bearing an MPLS packet in a PON 
in the embodiment of the present invention includes the fol 
lowing steps. 
0067. In step S101, an OLT obtains an MPLS packet from 
a service node function. 
0068. Optionally, the step of obtaining the MPLS packet 
may include: receiving a pseudo wires (PW) data payload, 
and encapsulating the PW data payload into an MPLS packet 
having an inner layer label. 
0069. The MPLS packet having the inner layer label may 
further be encapsulated into an MPLS packet having an outer 
layer label. The MPLS inner layer label identifies different 
virtual channels (VCs)/PWs (that is, a layer 2 tunnel), and the 
outer layer label is used as a public tunnel. 
0070. Or, an MPLS packet may be obtained directly. 
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(0071. In step S102, the OLT encapsulates the MPLS 
packet into a gigabit PON (GPON) encapsulation mode 
(GEM) frame. 
(0072. In step S103, the OLT sends the GEM frame to the 
ONUFONT. 

0073 FIG. 5 is a schematic view of encapsulating an 
MPLS packet into a GEM frame. 
0074 As shown in FIG. 4, a process of encapsulating the 
MPLS packet into the GEM frame may include two steps: 
mapping and framing. 
(0075. In step A11, the MPLS packet is segmented or 
assembled, and each segment or assembly is mapped to a 
payload portion of a GEM frame. 
(0076. In step A12, a header of a GEM frame is added 
before the payload of each GEM frame to form a GEM frame. 
0077 Step A11 of segmenting or assembling the MPLS 
packet and mapping each segment or assembly to the payload 
portion of the GEM frame may adopt, but is not limited to, the 
following methods. 
0078. In a first method, as shown in FIG. 6, the MPLS 
packet is divided into at least two MPLS packet segments, and 
the at least two MPLS packet segments are mapped to pay 
loads of different GEM frames respectively. That is to say, a 
payload of the MPLS packet is divided into multiple seg 
ments, the MPLS packet of each segment is mapped to a 
payload portion of a GEM frame respectively, and only a 
segment 1 has an MPLS packet header. 
0079. Or, in a second method, as shown in FIG. 7, an 
MPLS packet payload and an MPLS header are extracted, the 
MPLS payload is divided into at least two segments, an 
MPLS header is added before each segment to form a new 
segment respectively, and the new segments are mapped to 
payloads of different GEM frames respectively. That is to say, 
a payload of the MPLS packet is divided into multiple seg 
ments, the MPLS packet of each segment is mapped to a 
payload portion of a GEM frame respectively, and an MPLS 
packet header is duplicated for each segment. 
0080. Or, in a third method, as shown in FIG. 8, at least one 
MPLS packet is assembled, and the assembled MPLS packet 
is mapped to a payload of the same GEM frame. That is to say, 
multiple MPLS packets are simply assembled with respective 
MPLS packet headers reserved, and the assembled MPLS 
packet is mapped to a payload portion of a GEM frame. 
I0081. In step A12 in which a header of a GEM frame is 
added before a payload of each GEM frame to form a GEM 
frame, a GEM Port identification (ID) field in a specific range 
may be employed to represent that an MPLS over GEM mode 
is adopted. That is to say, after the MPLS packet is segmented 
or assembled, each segmented or assembled MPLS packet is 
mapped to a payload portion of a GEM frame, then a 5-byte 
GEM header is added, so as to form a GEM frame. The GEM 
header has 5 bytes, and includes four portions, namely, a 
payload length indication (PLI, having a size of 12 bits), a 
port ID (having a size of 12 bits), a payload type indication 
(PTI, having a size of 3 bits), and a header error control (HEC, 
having a size of 13 bits). 
I0082. According to a least significant bit of the PTI, the 
least significant bit of the PTI may be utilized to indicate 
whether a segment is a last segment of the MPLS packet. In 
the embodiment of the present invention, when the PTI is 
“000, it represents that the segment is not the last segment; 
when the PTI is "001, it represents that the segment is the last 
Segment. 
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I0083. In the method for bearing the MPLS packet in the 
PON in the embodiment of the present invention, when the 
embodiment of the present invention is applied in a first 
scenario, the ONU/ONT obtains an MPLS packet from the 
CPN, the ONU/ONT encapsulates the MPLS packet into a 
GEM frame, and the ONU/ONT sends the GEM frame to the 
OLT; when the embodiment of the present invention is 
applied in a second scenario, the OLT obtains an MPLS 
packet from the service node function, the OLT encapsulates 
the MPLS packet into a GEM frame, and the OLT sends the 
GEM frame to the ONU/ONT. Therefore, tight coupling 
between the PON and a mobile network is realized. Since an 
MPLS over GEM transmission mode is adopted, overhead of 
protocol stack layers is effectively reduced and bearing effi 
ciency is improved. 
0084 Corresponding to the method for bearing the MPLS 
packet in the PON according to the embodiment of the present 
invention, the present invention further provides a method for 
receiving an MPLS packet in a PON. The embodiment of the 
present invention may be applied in a first scenario where an 
OLT receives a GEM frame from an ONU/ONT or a second 
scenario where an ONU/ONT receives a GEM frame from an 
OLT. The second scenario is taken as an example for illustra 
tion in the following. 
I0085. As shown in FIG. 9, the method for receiving the 
MPLS packet in the PON according to the embodiment of the 
present invention includes the following steps. 
I0086. In step S201, an ONU/ONT receives a GEM frame 
from an OLT. 
I0087. In step S202, the ONU/ONT decapsulates the GEM 
frame into an MPLS packet. 
I0088. The GEM header includes a Port ID field. According 
to the GEM Port ID field, it is determined whether MPLS over 
GEM is adapted as a transmission mode. Optionally, the 
GEM header includes a service type field. According to the 
service type field, it is determined whether MPLS over GEM 
is adopted as a transmission mode. 
I0089. The GEM header includes a PTI field. By using a 
least significant bit of the PTI, it is determined whether the 
GEM frame includes a last segment of the MPLS packet. 
0090 Corresponding to the encapsulation of an MPLS 
packet into a GEM frame in FIGS.5, 6, 7, and 8, a process of 
GEM decapsulation of an MPLS packet borne in a GPON is 
as shown in FIG. 10, which is an inverse process of the 
process of encapsulating an MPLS packet into a GEM frame 
in FIG. 4, and includes the following steps. 
0091. In step b1, it can be determined whether an MPLS 
over GEM mode is adopted according to a specific GEM Port 
ID field or service type field, and when it is determined that 
the MPLS over GEM mode is adopted, an MPLS packet 
loaded in a payload portion of a GEM frame is extracted in the 
MPLS over GEM mode, that is, a GEM frame payload is 
extracted from the GEM frame. 

0092. In step b2, multiple MPLS packets extracted from 
the GEM frame is reassembled according to a PTI of the GEM 
frame, that is, the extracted GEM frame payload is assembled 
or segmented so as to generate an MPLS packet. 
0093. The step of assembling or segmenting the extracted 
GEM frame payload so as to generate the MPLS packet may 
adopt, but is not limited to, the following methods. 
0094. In a first method, at least two GEM frame payloads 
are acquired, and assembled as an MPLS packet. This process 
is an inverse process of segmenting or assembling the MPLS 
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packet and mapping each segment or assembly to a payload 
portion of a GEM frame in FIG. 6. 
0095. Or, in a second method, at least two GEM frame 
payloads are acquired, MPLS headers in other GEM frame 
payloads than the first GEM frame payload are removed, and 
the first GEM frame payload and the other GEM frame pay 
loads with the MPLS headers removed are assembled as an 
MPLS packet. This process is an inverse process of segment 
ing or assembling the MPLS packet and mapping each seg 
ment or assembly to a payload portion of a GEM frame in 
FIG. 7. 
0096. Or, in a third method, a GEM frame payload is 
acquired, and the GEM frame payload is divided into at least 
one MPLS. This process is an inverse process of segmenting 
or assembling an MPLS packet and mapping each segment or 
assembly to a payload portion of a GEM frame in FIG. 8. 
(0097. In step S203, the ONU/ONT sends the MPLS packet 
to a CPN. 
0098. The embodiment of the present invention may be 
applied in two scenarios. If the embodiment is applied in a 
first scenario, before the step that the OLT sends the MPLS 
packet to the service node function, the method further 
includes: assembling the MPLS packet when the OLT has 
multiple PON interfaces and communicates with ONUs/ 
ONTs that belong to different PON interfaces through at least 
two optical distribution networks (ODNs). The step that the 
OLT sends the MPLS packet to the service node function is as 
follows: the OLT sends the assembled MPLS packet to the 
service node function. 
(0099. When the embodiment of the present invention is 
applied in a first scenario, the OLT receives a GEM frame 
from the ONU/ONT: the OLT encapsulates the GEM frame 
into an MPLS packet; and the OLT sends the MPLS packet to 
the service node function. When the embodiment is applied in 
a second scenario, the ONU/ONT receives a GEM frame 
from the OLT; the ONU/ONT encapsulates the GEM frame 
into an MPLS packet; and the ONU/ONT sends the MPLS 
packet to the CPN. Therefore, tight coupling between the 
PON and a mobile network is realized. Since the MPLS over 
GEM transmission mode is adopted, overhead of protocol 
stack layers is effectively reduced and bearing efficiency is 
improved. 
0100 Person of ordinary skill in the art may understand 
that all or part of the steps of the method according to the 
embodiments of the present invention may be implemented 
by a program instructing relevant hardware. The program 
may be stored in a computer readable storage medium. When 
the program runs, the steps of the method according to the 
embodiments of the present invention are performed. The 
storage medium may be a magnetic disk, a compact disk 
read-only memory (CD-ROM), a read-only memory (ROM), 
or a random access memory (RAM). 
0101. In an embodiment, the present invention further pro 
vides an MPLS encapsulation device. 
0102. A method for bearing an MPLS packetina PON has 
two application scenarios. In one scenario, an ONU/ONT 
obtains an MPLS packet from a CPN. In this application 
scenario, the MPLS encapsulation device is placed in the 
ONU/ONT. In the other scenario, an OLT obtains an MPLS 
packet from a service node function. In this application sce 
nario, the MPLS encapsulation device is placed in the OLT. 
(0103) As shown in FIG. 11, the MPLS encapsulation 
device includes an MPLS processing unit 111, an encapsula 
tion processing unit 112', and a sending unit 114'. 
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0104. The MPLS processing unit 111 is configured to 
obtain an MPLS packet. 
0105. The encapsulation processing unit 112' is config 
ured to encapsulate the MPLS packet into a GEM frame. 
0106 The sending unit 114" is configured to send the GEM 
frame. 
0107 The encapsulation processing unit 112 further 
includes an encapsulation processing unit 112 and a framing 
processing unit 113. 
0108. The encapsulation processing unit 112 is configured 

to encapsulate the MPLS packet into a GEM frame. 
0109 The framing processing unit 113 is configured to 
perform GPON transmission convergence layer (GTC) fram 
ing processing on the GEM frame, so as to generate a GTC 
transmission convergence (TC) frame. 
0110. The sending unit 114 further includes an ODN 
interface unit 114 configured to perform physical layer pro 
cessing on the GTC TC frame and send the processed GTC 
TC frame. 
0111. As shown in FIG. 12, the encapsulation processing 
unit 112 includes a segmentation/assembly unit 1121 and a 
header adding unit 1122. 
0112 The segmentation/assembly unit 1121 is configured 
to segment or assemble an MPLS packet and map the seg 
mented or assembled MPLS packet to a payload of a GEM 
frame. 
0113. The header adding unit 1122 is configured to add a 
GEM header before the payload of the GEM frame. 
0114. The segmentation/assembly unit 1121 is specifi 
cally configured to: 

0115 extract an MPLS packet payload and an MPLS 
header, divide an MPLS packet into at least two MPLS 
packet segments, and map the at least two MPLS packet 
segments to payloads of different GEM frames respec 
tively; or 

0116 extract an MPLS packet payload and an MPLS 
header, divide the MPLS payload into at least two seg 
ments, add an MPLS header before each segment to 
form a new segment respectively, and map the new seg 
ments to payloads of different GEM frames respec 
tively; or 

0117 assemble at least one MPLS packet, and map the 
assembled MPLS packet to a payload of the same GEM 
frame. 

0118. The header adding unit adds a header of a GEM 
frame before a payload of each GEM frame to form a GEM 
frame. A GEM Port ID field in a specific range may be 
employed to represent that an MPLS over GEM mode is 
adopted. A least significant bit of a PTI is set according to 
whether the segment is a last segment of the MPLS packet. 
0119. In the ONU/ONT/OLT in the embodiment of the 
present invention, the MPLS processing unit obtains an 
MPLS packet, the encapsulation processing unit encapsulates 
the MPLS packet into a GEM frame, the framing processing 
unit performs GTC framing processing on the GEM frame to 
generate a GTCTC frame, and the ODN interface unit per 
forms physical layer processing on the GTC TC frame and 
sends the processed GTC TC frame. Since the MPLS over 
GEM transmission mode is adopted, overhead of protocol 
stack layers is effectively reduced and bearing efficiency is 
improved. In the embodiment of the present invention, the 
MPLS over GEM transmission mode is adopted, so that over 
head of the protocol stack layers is effectively reduced and 
bearing efficiency is improved. 
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0.120. As shown in FIG. 13, in an embodiment, the present 
invention provides an MPLS decapsulation device. 
I0121. A method for bearing an MPLS packet in a PON has 
two application scenarios. In one scenario, an ONU/ONT 
obtains an MPLS packet from a CPN. In this application 
scenario, the MPLS decapsulation device is placed in the 
OLT. In the other scenario, an OLT obtains an MPLS packet 
from a service node function. In this application scenario, the 
MPLS decapsulation device is placed in the ONU/ONT. 
0.122 The MPLS decapsulation device includes a receiv 
ing unit 211", a decapsulation processing unit 213', and an 
MPLS sending unit 214. 
I0123. The receiving unit 211" is configured to receive a 
GEM frame. 
0.124. The decapsulation processing unit 213' is config 
ured to decapsulate the GEM frame into an MPLS packet. 
0.125. The MPLS sending unit 214 is configured to send 
the MPLS packet. 
I0126. The receiving unit 211" further includes an ODN 
interface unit 211. 

I0127. The ODNinterface unit 211 is configured to receive 
a packet and perform physical layer processing on the 
received packet to generate a GTCTC frame. 
I0128. The decapsulation processing unit 213' further 
includes a framing processing unit 212, an encapsulation 
processing unit 213, and an MPLS processing unit 214. 
I0129. The framing processing unit 212 is configured to 
perform GTC de-framing processing on the GTCTC to gen 
erate a GEM frame. 
0.130. The encapsulation processing unit 213 is configured 
to decapsulate the GEM frame into an MPLS packet. 
I0131 The MPLS processing unit 214 is configured to send 
the MPLS packet. 
0.132. As shown in FIG. 14, the encapsulation processing 
unit 213 includes an extraction unit 2131 and a segmentation/ 
assembly unit 2132. 
I0133. The extraction unit 2131 is configured to extract a 
GEM frame payload from the GEM frame. 
I0134. The segmentation/assembly unit 2132 is configured 
to segment or assemble the extracted GEM frame payload to 
generate an MPLS packet. 
0.135 The segmentation/assembly unit 2132 is specifi 
cally configured to: 

0.136 acquire at least two GEM frame payloads, and 
assemble the at least two GEM frame payloads as an 
MPLS packet; or 

0.137 acquire at least two GEM frame payloads, 
remove MPLS headers in other GEM frame payloads 
than the first GEM frame payload, and assemble the first 
GEM frame payload and the other GEM frame payloads 
with the MPLS headers removed; or 

0138 extract a GEM frame payload from a GEM frame 
to obtain at least one MPLS packet directly. 

(0.139. In the ONU/ONT/OLT for bearing the MPLS packet 
in the PON according to the embodiment of present invention, 
the ODN interface unit receives a packet and performs physi 
cal layer processing on the received packet, so as to generate 
a GTCTC frame, the framing processing unit performs GTC 
de-framing processing on the GTC TC, so as to generate a 
GEM frame, the encapsulation processing unit decapsulates 
the GEM frame into an MPLS packet, and the MPLS pro 
cessing unit sends the MPLS packet. Since the MPLS over 
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GEM transmission mode is adopted, overhead of protocol 
stack layers is effectively reduced and bearing efficiency is 
improved. 
0140. As shown in FIG. 15, in an embodiment, the present 
invention provides an optical communication system, which 
includes an ONU/ONT, an OLT, and an ODN. The ONU/ 
ONT is connected to the OLT through the ODN. 
0141. The ONU/ONT is configured to encapsulate the 
received MPLS packet into a GEM frame, perform GTC 
framing processing on the GEM frame to generate a GTCTC 
frame, perform physical layer processing on the GTC TC 
frame, and send the processed GTCTC frame to the OLT. 
0142. The OLT is configured to perform physical layer 
processing on the packet received from the ONU/ONT to 
generate a GTCTC frame, perform GTC de-framing process 
ing on the GTCTC to generate a GEM frame, decapsulate the 
GEM frame into an MPLS packet, and send the MPLS packet. 
0143 Also, the OLT is further configured to encapsulate 
the received MPLS packet into a GEM frame, perform GTC 
framing processing on the GEM frame to generate a GTCTC 
frame, perform physical layer processing on the GTC TC 
frame, and send the processed GTC TC frame to the ONU/ 
ONT. 

0144. The ONU/ONT is further configured to perform 
physical layer processing on the received packet to generate a 
GTC TC frame, perform GTC de-framing processing on the 
GTC TC to generate a GEM frame, determine whether a 
transmission mode is MPLS over GEM according to a Port ID 
of a GEM header, and if a transmission mode is MPLS over 
GEM, decapsulate the GEM frame into an MPLS packet, and 
send the MPLS packet. 
(0145 The ONU/ONT and the OLT respectively includean 
MPLS processing unit and a PON processing unit. 
0146 The MPLS processing unit is configured to realize 
label switch router (LSR) or label edge router (LER) func 
tions. 
0147 The PON processing unit is responsible for realizing 
a GPON protocol stack and is formed by a PON TC layer 
processing unit and an ODN interface unit. The PON TC 
processing unit realizes GTC functions in the GPON protocol 
stack, and accomplishes GEM encapsulation or decapsula 
tion processing on the MPLS packet. The ODN interface unit 
realizes GPON physical medium dependent layer (GPM) 
functions in the GPON protocol stack. 
0148. Optionally, the PON processing unit of the OLT 
further includes: an MUX processing unit configured to 
assemble multiple MPLSs into one MPLS when the OLT has 
multiple PON interfaces and communicates with ONUs/ 
ONTs that belong to different PON interfaces through at least 
two ODNs or segment one MPLS into multiple MPLSs. 
014.9 The specific function of each part is described in the 
following in specific scenarios when the OLT communicates 
with the ONU/ONT. 
0150. The MPLS processing unit is configured to obtain 
an MPLS packet. 
0151. The PON TC unit is configured to encapsulate the 
received MPLS packet into a GEM frame, perform GTC 
framing processing on the GEM frame to generate a GTCTC 
frame, perform physical layer processing on the GTC TC 
frame, and send the processed GTCTC frame. 
0152 Also, the PON unit is further configured to receive a 
packet, perform physical layer processing on the received 
packet to generate a GTCTC frame, perform GTC de-fram 
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ing processing on the GTCTC to generate a GEM frame, and 
decapsulate the GEM frame into an MPLS packet. 
0153. The MPLS processing unit is further configured to 
send an MPLS packet. 
0154) The PON processing unit includes a PONTC layer 
processing unit and an ODN interface unit. 
0155 The PONTC layer processing unit is configured to 
encapsulate the received MPLS packet into a GEM frame and 
perform GTC framing processing on the GEM frame to gen 
erate a GTCTC frame. 
0156 The ODN interface unit is configured to perform 
physical layer processing on the GTCTC frame and send the 
processed GTCTC frame. 
(O157 Also, the ODNinterface unit is further configured to 
receive a packet, and perform physical layer processing on the 
received packet to generate a GTCTC frame. 
0158. The PON TC layer processing unit is further con 
figured to perform GTC deframing processing on the GTC 
TC to generate a GEM frame and decapsulate the GEM frame 
into an MPLS packet. 
0159. In the optical communication system in the embodi 
ment of the present invention, tight coupling between the 
PON and a mobile network is realized. Since an MPLS over 
GEM transmission mode is adopted, overhead of protocol 
stack layers is effectively reduced and bearing efficiency is 
improved. 
0160. As shown in a functional block diagram of an ONU/ 
ONT/OLT in FIG. 15, the OLT is connected to multiple 
ONUs/ONTs at the same time through the same ODN via one 
PON interface. Or, the OLT may also have multiple PON 
interfaces and be connected to ONUs/ONTs that belong to 
different PON interfaces through at least two ODNs. 
0.161 FIG.17 is a connection diagramofa communication 
system for bearing an MPLS packet in a PON when receiving 
data having a PW encapsulation structure. In this system, the 
PW data payload is encapsulated into an MPLS packet having 
an inner layer label or a PW packet having an emulation 
circuit identifier and a PW control word. FIG.16 is a connec 
tion diagram of the communication system for bearing an 
MPLS packet in a PON when receiving data having a PW 
encapsulation structure. Different from FIG. 17, in this sys 
tem, the MPLS packet having the inner layer label is further 
encapsulated into an MPLS packet having an outer layer 
label. FIG. 18 is a connection diagram of the communication 
system for bearing an MPLS packet in a PON when receiving 
Internet Protocol (IP) packet data. 
0162 The flow chart of the optical communication system 

is described roughly in the following. For a time division 
multiplexing (TDM) frame (as shown in FIG. 16 or 17) or an 
Ethernet frame (as shown in FIG. 18) from a base station 
(BS), the ONU/ONT obtains an MPLS packet by encapsulat 
ing data of the TDM frame into an MPLS-based PW or by 
removing an Ethernet header, then performs GEM encapsu 
lation frame processing, GTC framing processing, and PON 
physical layer processing on the MPLS packet, and finally 
transfers the processed MPLS packet to the OLT through the 
ODN. The OLT performs corresponding PON physical layer 
processing, GTC de-framing processing, and GEM decapsu 
lation frame processing on the packet from the ONU/ONT to 
obtain an MPLS packet, switches the MPLS, and transports 
the MPLS packet out through a network side interface, and 
Vice versa. 
0163. In the embodiments of the present invention, tight 
coupling between various PONs such as a GPON or a next 
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generation PON network evolved from the GPON technology 
and a mobile network can be realized, protocol stack layers 
when a PON is used for base station backhaul can be simpli 
fied, overhead of the protocol stack layers can be effectively 
reduced, bearing efficiency can be improved, and the band 
width bottleneck problem for the PON in base station back 
haul can be solved. Specifically, in order to ensure real-time 
Voice transmission, encoded Voice data transmitted through a 
network is transmitted on the network in a short packet for 
mat. The Request For Comments (RFC) 5086 and RFC4453 
respectively define transmission of structured and unstruc 
tured TDM on the MPLS. Taking the structure-agnostic TDM 
over packet (SAToP) in the RFC4453 as an example, in the 
case that a T1 signal is borne, a payload of each packet is 
193-bit TDM data plus 7-bit padding, that is, 25 bytes, so that 
the transmission efficiency is Payload Length/(Ethernet 
Header Length--MPLS Label Stack Length--SAToP Control 
Word Length--Payload Length)=24/(26+4*2+4+25)=24/ 
63-38%. As can be seen, the major overhead is in the Ethernet 
header. By removing Ethernet protocol bearing in the MPLS 
over GEM mode provided in the embodiments in the present 
invention, the transmission efficiency is Payload Length/ 
(MPLS Label Stack Length--SAToP Control Word Length-- 
Payload Length)=24/(4*2+4+25)=24/37=65%, and the 
transmission efficiency is thus nearly doubled. 
0164. The above descriptions are merely some exemplary 
embodiments of the present invention, but not intended to 
limit the scope of the present invention. Any modification, 
equivalent replacement, or improvement made without 
departing from the spirit and principle of the present inven 
tion should fall within the scope of the present invention. 
Therefore, the protection scope of the present invention 
should be as defined by the appended claims. 
What is claimed is: 
1. A method for bearing a multi-protocol label switching 

(MPLS) packet in a passive optical network (PON), compris 
1ng: 

obtaining an MPLS packet; 
encapsulating the MPLS packet into a gigabit PON 
(GPON) encapsulation mode (GEM) frame; and 

sending the GEM frame. 
2. The method for bearing an MPLS packet in a PON 

according to claim 1, wherein 
the obtaining the MPLS packet comprises: receiving a 

pseudo wires (PW) data payload; and encapsulating the 
PW data payload into an MPLS packet having an inner 
layer label; or 

the obtaining the MPLS packet comprises: receiving a PW 
data payload; encapsulating the PW data payload into an 
MPLS packet having an inner layer label; and further 
encapsulating the MPLS packet having the inner layer 
label into an MPLS packet having an outer layer label. 

3. The method for bearing an MPLS packet in a PON 
according to claim 1, wherein the encapsulating the MPLS 
packet into the GEM frame comprises: 

segmenting or assembling the MPLS packet, and mapping 
the segmented or assembled MPLS packet to a payload 
of the GEM frame; and 

adding a GEM header before the payload of the GEM 
frame. 

4. The method for bearing an MPLS packet in a PON 
according to claim 3, wherein 

the segmenting the MPLS packet and mapping the seg 
mented MPLS packet to the payload of the GEM frame 
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comprises: dividing the MPLS packet into at least two 
MPLS packet segments; and mapping the MPLS packet 
segments to the payload of the GEM frame; or, 

the segmenting the MPLS packet and mapping the seg 
mented MPLS packet to the payload of the GEM frame 
comprises: extracting an MPLS packet payload and an 
MPLS header; dividing the MPLS payload into at least 
two segments; adding an MPLS header before each seg 
ment to form a new segment respectively; and mapping 
the new segment to the payload of the GEM frame. 

5. The method for bearing an MPLS packet in a PON 
according to claim 3, wherein 

the GEM header comprises a port identification (Port ID) 
field or a service type field configured to indicate that a 
transmission mode is that an MPLS packet is borne over 
a GEM frame (MPLS over GEM). 

6. The method for bearing an MPLS packet in a PON 
according to claim 1, wherein 

the obtaining the MPLS packet comprises: obtaining, by an 
optical network unit (ONU)/optical network terminal 
(ONT), the MPLS packet from a customer premises 
network (CPN); or obtaining, by an optical line terminal 
(OLT), the MPLS packet from a service node function; 
and 

the sending the GEM frame comprises: sending, by the 
ONU/ONT, the GEM frame to the OLT; or, sending, by 
the OLT, the GEM frame to the ONU/ONT. 

7. A method for receiving a multi-protocol label switching 
(MPLS) packet in a passive optical network (PON), compris 
1ng: 

receiving a gigabit PON (GPON) encapsulation mode 
(GEM) frame; 

decapsulating the GEM frame into an MPLS packet; and 
sending the MPLS packet. 
8. The method for receiving an MPLS packet in a PON 

according to claim 7, wherein the decapsulating the GEM 
frame into the MPLS packet comprises: 

extracting a GEM frame payload from the GEM frame; and 
assembling or segmenting the extracted GEM frame pay 

load to generate the MPLS packet. 
9. The method for receiving an MPLS packet in a PON 

according to claim 8, wherein the assembling the extracted 
GEM frame payload to generate the MPLS packet comprises: 

assembling at least two GEM frame payloads as the MPLS 
packet; or 

acquiring at least two GEM frame payloads, removing 
MPLS headers in other GEM frame payloads than a first 
GEM frame payload, and assembling the first GEM 
frame payload and the other GEM frame payloads with 
the MPLS headers removed as the MPLS packet. 

10. A multi-protocol label switching (MPLS) encapsula 
tion device, comprising: 

an MPLS processing unit, configured to obtain an MPLS 
packet; 

an encapsulation processing unit, configured to encapsu 
late the MPLS packet into a gigabit passive optical net 
work (GPON) encapsulation mode (GEM) frame; and 

a sending unit, configured to send the GEM frame. 
11. The MPLS encapsulation device according to claim 10, 

wherein the encapsulation processing unit comprises: 
a segmentation/assembly unit, configured to segment or 

assemble the MPLS packet and map the segmented or 
assembled MPLS packet to a payload of a PON encap 
Sulation data frame; and 
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a header adding unit, configured to add a GEM header 
before the payload of the GEM frame. 

12. A multi-protocol label switching (MPLS) decapsula 
tion device, comprising: 

a receiving unit, configured to receive a gigabit passive 
optical network (GPON) encapsulation mode (GEM) 
frame; 

a decapsulation processing unit, configured to decapsulate 
the GEM frame into an MPLS packet; and 

an MPLS sending unit, configured to send the MPLS 
packet. 

13. The MPLS decapsulation device according to claim 12, 
wherein the decapsulation processing unit comprises: 

an extraction unit, configured to extract a GEM frame 
payload from the GEM frame; and 

a segmentation/assembly unit, configured to segment or 
assemble the extracted GEM frame payload, so as to 
generate the MPLS packet. 
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14. An optical communication system, comprising a multi 
protocol label switching (MPLS) encapsulation device and an 
MPLS decapsulation device, wherein the MPLS encapsula 
tion device is configured to: 

obtain an MPLS packet; 
encapsulate the MPLS packet into a gigabit passive optical 

network (GPON) encapsulation mode (GEM) frame; 
and 

send the GEM frame to the MPLS decapsulation device; 
and 

the MPLS decapsulation device is configured to: 
receive the GEM frame of the MPLS encapsulation device: 
decapsulate the GEM frame into an MPLS packet; and 
send the MPLS packet. 

c c c c c 


