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Recommendation ITU-T G.998.2 

Ethernet-based multi-pair bonding 

Amendment 2 
 

 

 

Summary 
Amendment 2 to Recommendation ITU-T G.998.2 includes new functionality for 
discovery/aggregation and pair management at the bonding layer. 

 

 

Source 
Amendment 2 to Recommendation ITU-T G.998.2 (2005) was approved on 7 December 2007 by 
ITU-T Study Group 15 (2005-2008) under Recommendation ITU-T  A.8 procedure. 
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FOREWORD 

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of 
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication 
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical, 
operating and tariff questions and issuing Recommendations on them with a view to standardizing 
telecommunications on a worldwide basis. 

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, 
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on 
these topics. 

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1. 

In some areas of information technology which fall within ITU-T's purview, the necessary standards are 
prepared on a collaborative basis with ISO and IEC. 

 

 

 

NOTE 

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a 
telecommunication administration and a recognized operating agency. 

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain 
mandatory provisions (to ensure e.g. interoperability or applicability) and compliance with the 
Recommendation is achieved when all of these mandatory provisions are met.  The words "shall" or some 
other obligatory language such as "must" and the negative equivalents are used to express requirements. The 
use of such words does not suggest that compliance with the Recommendation is required of any party. 

 

 

 

 

INTELLECTUAL PROPERTY RIGHTS 

ITU draws attention to the possibility that the practice or implementation of this Recommendation may 
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, 
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others 
outside of the Recommendation development process. 

As of the date of approval of this Recommendation, ITU had received notice of intellectual property, 
protected by patents, which may be required to implement this Recommendation. However, implementers 
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the 
TSB patent database at http://www.itu.int/ITU-T/ipr/. 
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Recommendation ITU-T G.998.2 

Ethernet-based multi-pair bonding 

Amendment 2 

This amendment includes new functionality for discovery/aggregation and pair management at the 
bonding layer. New Annex C describes a frame-based protocol (the bonding aggregation control 
protocol (BACP)) that exchanges information allowing two systems to seamlessly control mapping 
of physical media entities to physical medium attachment aggregation functions. 

In clause 2, add the following reference to IEEE 802.3-2005, the standard that replaced 
IEEE 802.3 (2002) and IEEE 802.3ah (2004). Original references to IEEE 802.3 (2002) and 
IEEE 802.3ah (2004) have been retained and, when explicity identifying the 2005 version, this 
amendment refers to IEEE 802.3-2005: 

[11] IEEE 802.3 (2005), Carrier sense multiple access with collision detection (CSMA/CD) 
access method and physical layer specifications. 
NOTE – Original references to IEEE 802.3 (2002) and IEEE 802.3ah (2004) have been retained 
and, when explicitly identifying the 2005 version, this Recommendation refers to IEEE 802.3-2005. 

Amend the definition of physical media entity: 

3.10 physical media entity (PME): In IEEE 802.3-2005, a reference to an individual 
transceiver contained within an aggregate group where a transceiver carries only one packet stream. 
This Recommendation also supports operation over transceivers carrying multiple (at gamma 
interface logically separated) packet streams. In this Recommendation, a PME is a reference to one 
logical channel out of a set of one or more channels on the same individual transceiver. Each such 
PME carries a single packet stream and is contained within one aggregate group.  
NOTE 1 – In case pre-emption is used on a bearer channel, two PMEs each reference one of the two logical 
channels on the same bearer channel. In case pre-emption is not used on a bearer channel, a PME defaults to 
a reference to the one bearer channel.  
NOTE 2 – Although such a PME cannot be physically isolated within a transceiver carrying multiple packet 
streams, the naming PME is maintained for consistency with IEEE 802.3-2005 and for consistency in case 
the transceiver carries only one packet stream.  

Add the following text to the end of clause 6.2.2: 

The network side uses the PME_ID of each link in the bonding group to retrieve management data 
through Ethernet OAM (clause 30/57 of IEEE 802.3). Each G.994.1 CLR message shall include the 
48-bit remote discovery register and the 32-bit PME aggregate register. The network side may 
derive the PME_IDs of each of the links in the bonding group by adding the links one-by-one to the 
bonding group during PME aggregation, and observing the change in the PME aggregate register 
with each addition. However, to allow parallel initialization of the links in the bonding group and, 
hence, to allow shortening of the bonding group initialization time, the remote side should also 
include the 5-bit PME_ID in each CLR message. Corresponding G.994.1 codepoints are defined for 
the PME_ID as a supplement to IEEE 802.3 clause 61. 

Replace clause 8 with the following: 

8 Handshake 

Clause 61.4 of IEEE 802.3-2005 defines the handshake operation for the IEEE standards 
2BASE-TL and 10PASS-TS. That clause defines handshake procedures for discovering which pairs 
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2 Rec. ITU-T G.998.2 (2005)/Amd.2 (12/2007) 

are provisioned in which aggregate groups using the PME aggregation and PME aggregation 
discovery codepoints of the IEEE handshake tree. 

The procedures of that clause are followed in this Ethernet bonding Recommendation with the 
following exceptions. 
• There is no "PAF enable" parameter as described in clause 61.4 of IEEE 802.3-2005 [11]. 

That parameter is used to define whether bonding is performed. As this Recommendation 
references bonded operation only, that parameter is not required. 

• The "PME identification" Spar(2) bit indicates that PME identification is included in the 
CLR message. The corresponding Npar(3) field contains the five-bit value (0 to 31) of the 
PME ID. 

• The "BACP support" NPar(2) bit indicates support for the BACP protocol specified in 
Annex C. If this bit is set to ZERO in the CLR or CL message, then the bit shall also be set 
to ZERO in the MS message. If this bit is set to ONE in both the CLR and CL message, 
then this bit shall also be set to ONE in the MS message.  

• Table 2 describes the meaning of the "BACP support" bit in the MS message. 

Table 2 – Interpretation of MS message bits for BACP 

BACP support Meaning 

0 Use the G.994.1-based discovery/aggregation. Do not use BACP 
discovery/aggregation/management 

1 Use BACP for discovery/aggregation/management. Do not use G.994.1-based 
discovery/aggregation 

Unlike the handshake operations of IEEE 802.3-2005 [11], this Recommendation defines the 
bonding layer to operate independently of the TPS-TC. Each line may select its 
TPS-TC independently of the others, as long as the maximum differential latency of the pairs is 
maintained as specified in this Recommendation. 
NOTE – This Ethernet bonding Recommendation uses the PME aggregation and PME aggregation discovery 
codepoints in ITU-T Rec. G.994.1. The definition of these variables is in clause 45.2.3.20 
(PME aggregation) and 45.2.6.8 (PME aggregation discovery) of IEEE 802.3-2005. The transactions used to 
exchange these codepoints (e.g., "Get", "Set if Clear", "Clear if Same") are defined in clause 61.4 of 
IEEE 802.3-2005. Note that an example of the aggregation discovery procedure is contained in clause 61A 
of IEEE 802.3-2005. 

Add the following new Annex C: 

Annex C 
 

Frame-based protocol for discovery/aggregation and link management 

This annex describes a frame-based protocol, referred to as the bonding aggregation control 
protocol (BACP), that exchanges information allowing two systems to control which PMEs are 
mapped to which PAFs in a simple and seamless manner. In this annex, a "system" is defined as a 
piece of equipment, such as a DSLAM or a CPE device, associated with a set of PAFs and PMEs. 
This protocol is used in lieu of the G.994.1 discovery/aggregation process defined in clause 8. 
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