	Question 1/15 - Access Network Transport 


	Background and justification


In today's global communications world the traditional boundaries between Telecommunication Network Operators, Private Network Providers, Cable TV Networks and Information Technologies cease to exist. 

However, within the ITU-T, the study and development of Recommendations related to transport in the access network continues to be carried out in a number of different Study Groups (SGs 9, 13 and 15). Without a strong coordination effort there is the danger of duplication of work as well as the development of incompatible and non-interoperable standards. 

Under the lead of SG 15, activities under this Question are to ensure the development of a consistent and compatible set of Recommendations in the area of access network transport. Study Group 15 will also act as the focal point for interaction with ITU-R and other standards bodies, forums and consortia.

Coordination with the activities of SG 13 on the Global Information Infrastructure (GII) is also necessary.

	Study Items



Develop a standardization plan for Access Network Transport, together with other ITU-T Study Groups, and in conjunction with ITU-R and other relevant organizations;


Develop a work plan with agreed and established business based priorities to help to coordinate and focus the studies on access network transport;


Provide coordination across the relevant ITU-T Study Groups to ensure all available; expertise is utilized to best advantage and in the establishment of the priorities;


Provide coordination with ITU-R to ensure relevant expertise and advice when necessary;


Serve as focal point to and provide coordination with other standards organizations, forums and consortia to ensure that the consolidation of work plans and priorities is based on a wide range of business, market and technological inputs.

	Specific tasks



Development of a standardization plan: mid 1997


Development of work plan for all ITU work on Access Network   Transport: end 1997


Consolidation of ITU work plan with other organizations: end 1997

	Relationships



ITU-T SGs 9 and 13


ITU-R Study Groups as appropriate


ISO/IEC


Forums/Consortia, such as DAVIC

	Question 2/15  - Characteristics of optical systems in local access networks for transport and distribution


	Background and justification


The local access network deals with the transport and distribution of multiple types of services from a central office to the subscriber. Given the massive growth of the Internet and other IP-based services and the ever increasing demand for higher bandwidth, optical systems will play an increasing role in the access network. Although the primary use of optical fibres is envisaged to extend fibre much closer to the subscriber and increase the subscriber areas covered, it may also involve network segments using other forms of transport (e.g., twisted copper pairs, coaxial cable, HFC, or wireless systems). Insofar as media, transport format (digital or analogue), network architecture and service offerings are largely interdependent, cost-effective solutions will likely require integrated network architectures and systems. 

Many countries are investigating, field-trialing and deploying new local access systems in different network architectures in support of a broad range of services. Variations include different target fibre penetrations (in the form of FTTC, FTTB or FTTH) and different forms of hybrid networks (HFC, VDSL), including wireless links (MMDS and LMDS), based on active optical network (AON) and/or passive optical network (PON) approaches. AONs and PONs are being considered with respect to SDH-, PDH-, ATM-(specifically concerning audio and TV broadcast distribution) and IP-based services. Many of the items for study are also being considered from various perspectives by other WPs and SGs.

Items that have been considered so far deal with optical access networks (OANs) capable of transporting interactive services at both up to primary rate ISDN (Recs. G.981 and G.982) and above primary rate ISDN (G.983.1). Future studies will consider control and management interfaces for Optical Network Terminations / Network Terminations. Given the increasing amount of IP-based services, studies will also focus on the specific network requirements to optimize the transport of IP and IP-based services. 

For most cost-effective strategies, multiple new and existing services could be provided by means of the local access network using a common platform based on integrated systems. Many components are already available from interoffice network applications but would be used under both environmental and application-specific constraints. Actual service offerings and optimum network configurations will affect many technical matters; key characteristics required to support service(s) would impact network architecture and functionality. Various statements of the past might need to be revisited and subsequently redefined, revised or clarified. Anticipated growth in hybrid solutions raises a number of challenges, especially at the boundaries between optical networks.

	Study Items


All the following items of study have to be considered with respect to SDH-, PDH-ATM- and IP-based services using AON as well as PON implementations. However, media, transport format (digital or analogue), network architecture and service offerings are all interdependent. To ensure that a comprehensive picture of these matters is recognized, the items for study under this question are listed along with items already planned or suggested for other WPs and SGs.

Types of Services to be Considered [SG 13 with SG 15] 


Voice and narrowband services, up to the ISDN primary rates


Broadband services greater than ISDN primary rates


Audio transport and distribution


Video transport and distribution
– directly using the analogue baseband
– in digital form, with A/D conversion of the aggregate analogue baseband and joint transmission, distribution and D/A conversion
– in digital form, with channelwise A/D processing and channelwise D/A reconversion, etc., by means of individual set-top converters


Interactive video and data


Internet and other IP-based services


Multimedia

Network Architectural Aspects [SGs 13 and 15] 


Functional requirements to support new and existing services (such as multimedia) [Q.2/15 with SG 13]
– symmetric/asymmetric service type, one- or two-way service
– bandwidth/bit rate (especially transmission greater than ISDN primary rates)
– analogue/digital
– point-to-point, point-to-multipoint, broadcast


Reference configurations


General system architecture; location of user interface (FTTH, FTTB, FTTC,…)


User-network interfaces for all types of payloads/protocols (PDH, SDH, ATM, IP,…)


Service-node interfaces


Network layer functions and structure (circuit, electrical, optical, physical media)


Network capacity and scalability


Network restoration and protection


Distributed routing/switching facilities


Interworking of different parts of the network based on different technologies (fibre, electrical cables, wireless,…)


Interfaces between optical and electrical or wireless systems


Intra-network elements/subsystems (e.g., ONU, OLT, others,…)


Intra-network element/subsystem interfaces


System management interface

Physical Layer Aspects [Q.2/15] 


System aspects and component-related matters
– reference configurations
– transmission technology (e.g., one/two fibres; WDM, wavelength allocation)
– optical path loss, power budget(s), transmission distances, optical splitting ratios
– transmission delay issues
– possibilities for transport of radio frequency signals over optical fibres
– physical interfacing at terminations and reference points

Media and components aspects [Q.2/15 with Q.15/15 and Q.17/15] 

– selection and use of fibre types
– selection and use of specific passive optical components
– use of optical amplifiers in local access
– special requirements for hybrid solutions

Management Aspects 


General OAM management [SG 4 and SG 15]


Optical path/channel management [SG 15]


Billing functionality features [SG 3 & SG 11]


Network & system security mechanisms [SG 3 & SG 11]

Specific System Implementations 


Systems grouped according to physical media
– optical systems
– hybrid systems, e.g. using fibre and twisted pairs
– use of wireless segments


Systems grouped according to payload/protocol of transported signals

– systems based on PDH
– systems based on SDH
– systems based on ATM
– systems optimized for IP
	Specific tasks and deadlines



Complete Recommendation G.983.2 on ONT/NT management and control interfaces by 1999


Revise G.982 and G.983.1 as required

	Relationships


Other relevant Questions of SG 15 on optical systems and transmission equipment management 


ITU-T SG 4 on management aspects


ITU-T SG 6 on hybrid fibre/copper networks


ITU-T SG 9 on audio matters in television services


ITU-T SG 13 on access network architecture and multimedia layer characteristics


ITU-R SG 9 on radio-frequency transport over optical fibres


IEC SC86 on system test methods


ITU-R SG 8 on fixed wireless loop


ATM Forum


IETF

	Question 3/15 - DCEs for digital leased circuits


	Background and justification


During the 1993-1996 Study Period a new Recommendation V.38 was developed and work was started on a new Recommendation for a new DCE for data signalling rates up to 2 048 kbit/s. This study needs to be continued to complete this work as well as the development of Recommendations for other rates.

	Items for study


1) DCEs for user signalling rates of: 


128 or 144 kbit/s,


in a range of n x 64 kbit/s (for n values of 2 through 32),


2 048 kbit/s (continuing).

2) Channel protection

In this study consideration will be given to:


use of ISDN,


1+1 protection.

3) Management functions

	Specific tasks


Develop new Recommendations related to the items listed above.

	Relationships


ITU-T Study Group 13 on network aspects.

	Question 4/15 - Transceivers for subscriber access systems


	Background


The need for high-speed digital access, particularly to the Internet and other IP-based services, has been identified in many regional standards organizations. It has been proposed that the Transceivers used to provide these services be internationally standardized. It has further been recognized that the Transceivers providing these access systems use technology which is an extension of the modern techniques used in the Recommendations so far developed.

	Items for study


Transceivers for subscriber access systems including modulation techniques, and procedures for: 


high-speed digital subscriber lines (HDSL);


asymmetrical digital subscriber lines (ADSL); and


very high-speed digital subscriber lines (VDSL).

These studies will include any specific requirements to optimize the transport of IP and IP-based services

	Specific tasks and deadlines


The development of new Recommendations for the above.

	Relationships



ITU-T Study Group 4 on management aspects


ITU-T Study Group 13 on access network


ITU-T Study Group 16 on data interfaces


ANSI T1E1.4


ADSL Forum


ETSI/TM6


IETF

	Question 5/15 - Operation and administration aspects of signal processing network equipment


	Background and justification


The predominant services in today’s telecommunications networks continue to be voice and voiceband services. Signal Processing Equipments (DCME, PCME, ECE, VCLADE, etc.) are being used in nation-wide and world-wide telecommunications networks. Signal Processing functions such as Low-rate encoding algorithms (G.723.1, G.726, G.727, G.728, G.729, etc.) and echo cancellation (G.164, G.165, G.iec) are being used in these network equipments. These equipments typically have complexity and flexibility such that this results in significant administration and operation burden on the network operators. During the last study period, SG 15 advanced draft recommendations to assist administrations in reducing this burden.

	Study Items



Operations and Administration aspects of Packet Circuit Multiplication Equipment (PCME)


Operations and Administration aspects of Digital Circuit Multiplication Equipment (DCME)


Operations and Administration aspects of Echo Cancellation Equipment (ECE)


Operations and Administration aspects of Voice Cell Assembly/Disassembly Equipment (VCLADE)

	Specific tasks and deadlines



Complete Recommendation on Signal Processing Network Equipment (SPNE) Managed Objects (G.smo): 1/98


Complete Recommendation on SPNE Configuration Map Interchange Format (G.cmif): 1/98


Complete Recommendation on SPNE Information Exchange Report Format (G.print): 1/98


Complete Recommendation on SPNE Management Interface (G.smi): 6/99


Complete Recommendation on SPNE Management, Services and Functions (G.smsf): 6/99


Complete Recommendation on SPNE Management Architecture (G.sma): 6/99

Update these as changes are made to existing equipment recommendations  (e.g. adding new low-rate encoding algorithms to DCME/PCME will result  in new administrative/operations that will add to the existing recommendations).

	Relationships



Other SG 15 questions as relevant


ITU-T SG 4 for guidance on TMN applicability to SPNE Operation and Maintenance.


ITU-T SG 16 on encoding algorithms

	Question 6/15 - Circuit Multiplication Equipment (CME) and Systems (CMS)


	Background and justification


Circuit Multiplication Equipment (CME) is being utilized worldwide to alleviate circuit congestion. SG 15 has defined the interfaces to XCME (DCME, PCME) and related TMN aspects. In the current study period, SG 15 has revised G.763 and G.766 for DCME and has approved appendices to G.764 and G.765 to explain the operational aspects of PCME. 

Given that voice and voice-band services remain a significant part of telecommunications, there is a market need to apply the following techniques in a new generation of XCME: 


New lower-bit rate speech coding algorithms (i.e., extensions of G.728, G.729, etc.)


Demodulation/remodulation of new higher-bit rate modems such as V.34


Introduction of CME in ATM networks


Introduction of CME in private networks


Necessity of studies on the changes of already existing recommendations for voice, voiceband data and facsimile signal transmission

	Study Items


1. How should G.763 and G.766 be modified to account for the following: 


use of lower-bit-rate DCME based on G.728 and G.729;


equipment implications of tandem operation and control of DCME in a network;


implications of tandem operation with other network processing devices such as cellular and mobile radio systems;


addition of TMN Q-interfaces to DCME;


addition of a human factors man-machine F-interface for an operations and maintenance sub-system;


definition of rules for automatic activation of forward error correction on demodulated facsimile traffic;


definition of rules for application of dynamic load control in a multi-destination operating mode;


modification of G.766 to handle T.30 NSF protocol of non-standard facsimile;


effect of slip buffer adjustments and burst errors.

2. How should G.764 and G.765 be modified to account for the following points of studies: 


extension of G.764/G.765 procedures for voice compression and facsimiledemodulation scheme to new voice coding algorithms (G.729);


modification of G.765 to handle T.30 NSF protocol of non-standard facsimile;


other services (e.g., video on wideband and/or broadband packet systems, voice on broadband systems);


International Signalling Control signalling interfaces and dynamic load control in multi-traffic and multi-destination applications;


interface with multi-service local area networks (e.g., IEEE 802.9, 802.11 and ATM LANs);


real-time traffic identification techniques;


interface and implication with cellular and mobile radio systems.

3. How can the principles of XCME be extended to new low-bit rate Voice Cell Assembly and Disassembly (VCLAD) equipment with the following study items: 


requirements for voice coding algorithms;


link and ATM adaptation layers protocols;


accommodation of voice-band data and traffic;


operation and maintenance F-interfaces;


TMN Q-interfaces;


dimensioning;


congestion control;


operation modes;


effect of cell loss on speech and data quality.

4. How should XCME accommodate themselves to the change of already existing Recommendations for voice, voiceband data and facsimile signal transmission as following studying items: 


new functionality of T.30;


V.8 bis;


V.70;


V.34.

	Specific tasks



New Recommendation G.16kDCME: 1998


Revised G.763/G.766: 1998


Revised G.764/G.765: 1998


New Recommendation G.8kDCME: 1999


New Recommendation G.8kPCME: 1999


New Recommendation G.VCLAD: 1999

	Relationships


Other SG 15 questions as relevant 


ITU-T SG 2 for reasons of dimensioning


ITU-T SG 8 for facsimile


ITU-T SG 11 for Q.50 switch interface


ITU-T SG 13 for network implication


ITU-T SG 16 on encoding algorithms


ATM forum


IEEE


ISO

	Question 7/15 - Network echo control and interaction of acoustic echo controllers and network equipment


	Type of Question


Task oriented leading to new and modified Recommendations.

	Background and justification


The application of echo cancellers continues to evolve in existing PSTN, cellular and emerging broadband networks. G.IEC is nearing completion, but needs more work beyond the 1993-1996 Study Period to complete the new Recommendation. Beyond that, the environments in which echo cancellers are applied continue to expand. These include existing PSTN and cellular networks, and emerging wideband networks such as B-ISDN. These applications can bring new issues to echo canceller performance, and will require study to ensure that administrations have adequate assurance of transmission quality with echo cancellers complying with G.IEC. For interaction of acoustic echo controllers and network equipment, Recommendation G.167 on Acoustic Echo Controllers contains text on the design of acoustic echo control devices and interaction problems between network equipment and AECs. This Question proposes a revised G.167 that would focus only on the network interaction issues.

	Question


What characteristics need to be specified and recommended for echo canceller equipment to provide good performance in the network? What are the issues related to network interaction of acoustic echo control devices and network equipment, and what should be recommended to ensure good performance in the network?

	Study Items



How do the objective tests being defined by G.IEC correlate with subjective tests, and how can the tests be modified to take into account the subjective results?


What should be recommended for network echo cancellers to take account of real-world effects of level offset, poor natural echo return loss, background noise and possible phase roll?


What should be recommended to better ensure good double-talk performance?


What should be recommended for network echo cancellers to take account of the fact that echo cancellers are, in many cases, tandemed together?


What degradation is there when low bit rate coders and other non-linearities are present in the echo path of an echo canceller and what should be recommended in G.IEC to verify that adequate cancellation is obtained?


What test should be added or changed in G.IEC to guarantee acceptable behaviour with voiceband data signals, signalling tones, call-processing tones, speech, etc.?


What should be recommended for the cellular and other wireless environments to guarantee acceptable echo canceller performance?


What should be recommended for the non-linear processor to better ensure good performance and overall subjective quality?


What should be recommended for network echo control devices to take into account the requirements of the ISDN, B-ISDN, and ATM and their interaction with the PSTN?


What should be recommended on the TMN Q-and F-interfaces to echo control equipment?


What control mechanisms should be recommended to allow control of echo cancellers by external devices?


What are the issues related to acoustic echo control devices and network equipment, for example, what should be recommended to ensure that residual acoustic echoes that reach the network echo canceller result in good echo canceller performance?


What hardware and software tools are needed to support testing of network echo cancellers?


What should be recommended in the test setup for testing network echo cancellers under more realistic network conditions, e.g. more realistic end-paths?


What are the trade-offs between echo path delay, convergence quality and convergence time?


What is the impact of evolving terminal equipment such as modems, fax and multimedia terminals on network echo cancellers?

	Specific tasks and deadlines



New Recommendation G.IEC: 1997


Revised G.IEC: 2000


Revised G.167: 2000


G.ALC: 1999

	Relationships



Other SG 15 Questions as relevant


ITU-T SG 4 on TMN aspects


ITU-T SG 8 on facsimile


ITU-T SG 11 on signalling issues


ITU-T SG 12 on application guidelines and subjective performance


ITU-T SG 13 on ISDN issues

	Question 8/15 - Speech, voice-band and audio transmission in ATM/B-ISDN systems


	Background and justification


Study Group 15 has been studying wideband packet systems in the last study periods and has developed Recommendations G.764 and G.765 for the specification of packet voice protocol and packetized circuit multiplication equipment. The ITU-T has also approved several Recommendations for ATM and B-ISDN systems and that work has progressed in SG 15 on the study of voice and voice-band data services on these systems as well as videotelephony. Since the predominant services in today’s telecommunications networks remain to be voice and voice-band services, the issues associated with voice/voice-band transport on ATM/B-ISDN systems need to be studied.

	Questions



How can the principles learned from the development of G.764 and G.765 be applied to this work?


What is the impact of cell-loss on voice/voice-band/audio performance and therefore how will this impact the facility performance thresholds recommended for ATM/B-ISDN transmission?


How can ATM and B-ISDN systems interface with other voice systems such as packetized and non-packetized multiplication systems, especially those used in mobile and cellular environments?


How can ATM and B-ISDN systems transport voice and voice-band data traffic?


How can ATM and B-ISDN systems use the principles learned in DCME and PCME to efficiently utilize bandwidth?


What are the requirements of using various speech coding algorithms for transport over ATM networks.


Speech applications in broadband ISDN systems.


TMN aspects of cell-based speech transmission systems.

	Study Items


What characteristics of cell-based transport and equipment need to be specified and recommended: 


for transmission of voice/voice-band services;


for transmission of audio services (alone or in conjunction with multimedia services);


to interwork with new and existing Recommendations;


to provide good performance;


to extend their applications.

	Specific tasks


To develop a recommendation on speech transport in ATM and B-ISDN systems in 1997.

	Relationships



ITU-T SG 2 - Service definition


ITU-T SG 12 - Network quality related aspects


ITU-T SG 13 - Network models for ATM and B-ISDN work


ITU-T SG 16 - Multimedia aspects


ATM forum


IEEE organizations

	Question 9/15 - Transport equipment and network protection / restoration


	Background and justification


Two key technologies are driving the influencing the development of transport equipment and standards: 


The explosive growth of the Internet and other IP based traffic carried over networks.


The development of OTN provides the ability to dramatically increase the bandwidth that can be carried over networks.

Question 9/15 has responsibility for the following areas of standardization related to these new technologies: 


Specification of all termination and adaptation functions and supervision processes related to the OTN and SDH layer networks.


Specification of Adaptation Functions and Supervision Processes for transport of IP via the SDH or OTN layer networks.


Specification of survivability capabilities and development of a strategy for multi-layer survivability interactions.


Examining the impact on synchronization layer functions, which may differ for transport of different client layers (e.g., IP traffic).

During previous study periods, Study Group 15 has developed a number of Recommendations concerning the characteristics of transport equipment, including G.681, G.705, G.781, G.783, G.785, G.798, G.841 and G.842. These Recommendations continue to evolve in response to the definition of new transport network applications, and improved definition of existing transport network applications. 

Recommendations related to transport technologies used in the access environment, including Flexible Multiplexers, will also be covered by this Question.

	Study Items


1. What enhancements are required to new and revised Recommendations for transport layer equipment functions (including Recommendations G.681, G.705, G.781, G.783, G.785, and G.789)? These Recommendations cover the SDH and OTN layers.

2. What additional characteristics of transport equipment should be recommended to provide enhanced survivability capabilities and a cohesive strategy for multi-layer survivability interactions? This includes revisions needed to Recommendations G.841 and G.842. These Recommendations will cover SDH and OTN layer protection, as well as multi-layer survivability, including interactions with protection at ATM and IP layers.

3. What enhancements in SDH equipment characteristics or network protection protocols are required to support paths with longer delay times, such as satellite systems, submarine cable systems, radio relay systems or systems with numerous regenerators?

4. What enhancements are required to the transport equipment Recommendations in order to meet the needs of the access network?

5. What enhancements are required to the transport equipment Recommendations in order to meet the needs of the GII and transport of Internet and other IP based traffic? This includes examining the impact, if any, on synchronization layer functions.

Annex 1 to Q.9/15 gives some detailed study points.

	Specific tasks and deadlines



New Recommendation G.705 by 04/2000


New Recommendation G.781 by 06/1999


Revisions to Recommendations G.783 by 04/2000


New Recommendation G.798 by 2001


Revisions to Recommendation G.841 by 2001


Revisions to Recommendation G.842 by 2001

	Relationships



Other relevant Question of SG 15 on optical networks, digital hierarchy and management and digital hierarchies


ITU-T SG 4 on TMN


ITU-T SG 13 on Transport Network Architectures


ITU-R SG 4 on Satellite systems


ITU-T SG 7 on IP Related Aspects


ITU-R SG 9 on Radio-relay systems


IETF

	Annex 1
to Question 9/15


	Detailed study items for Question 9/15


For Study Item (1)

1. Synchronization functionality including equipment characteristics related to SSM applications and selection of timing reference.

2. Functionality related to ATM mappings and concatenation of VCs.

3. Modelling of atomic functions supporting MS-SPRING applications, and enhancement of atomic functions supporting other protection applications.

4. Define the clock tolerance requirements client layers place on server layer synchronization.

5. Modelling of PPIs, HPAs and LPAs for PDH payloads.

6. Modelling of tandem connection monitoring according to option 1 of draft revised Recommendation G.707.

7. Modelling of atomic functions supporting sub-STM-1 SDH network interfaces (presuming that such rates and interfaces are defined).

8. Modelling of atomic functions supporting SDH deployment in the access network including UNI, SNI and line systems.
For Study Item (2)

1. Ring interworking, e.g., with other rings, cross-connect equipment, etc.

2. Interaction between protection schemes at different layers.

3. OAM&P requirements in conformance with the studies carried out under the management Questions of SG 15.

4. Performance requirements, including protocol timing budgets, timing and synchronization, and jitter/wander.

5. Network restoration, including a possibility for a dynamic restoration algorithm (and possible overhead allocation).

6. The impact of concatenated payloads (both contiguous and virtual) on SDH protection schemes.

7. Modelling of revertive trail protection.

8. Protection schemes for sub-STM-1 rates.

9. Examine relationship between IP survivability mechanisms and those of SDH and OTN

10. APS Protocol for bi-directional VC trail protection.

For Study Item (3)

1. SDH equipment implications on the transport of SDH signals over radio and satellite systems e.g. point-to-multipoint satellite, restoration over mixed transmission media.

For Study Item (5)

1. Specification of adaptation and associated supervision functions corresponding to IP mappings specified in Q.11/15.

2. Examine potential impact, if any, on synchronization layer functions
	Question 10/15 - ATM and Internet Protocol (IP) Network Element (NE) Functions


	Background and justification


Recommendations I.731 and I.732 specify ATM equipment providing multiplex, cross-connect and switching capabilities. Network capabilities being developed in SG 11 and SG 13 and practical experience with the design and network deployment of ATM equipment will necessitate further revisions to the existing Recommendations.

Considering the growing interest of optimizing telecommunication networks for the support of IP services, Q.10/15 will include the detailed functional modelling of switching and routing functions for the support of IP.

	Study Items


1. What enhancements are required to existing Recommendations I.731 and I.732 in order to provide new ATM transfer capabilities defined in I.371 for supporting Resource Management, Traffic Management and Congestion Control

2. What capabilities are required to support ATM performance parameters as defined in I.356 and I.357

3. What enhancements or new Recommendations are required to define network elements for interworking between ATM and other networks, supporting services like, Voice, N-ISDN, multimedia, Frame Relay, etc.

4. What enhancements are required to support new network capabilities for OAM as defined in Recommendation I.610, the new signalling requirements as defined in SG 11 and the additional interface requirements as defined in SG 13.

5. What enhancements or new Recommendations are required to define NE for: 


IP Layer Functions


IP over ATM mechanisms

Annex 1 to Q10/15 gives some detailed study points.

	Specific tasks and deadlines



Revisions to Recommendations I.731 and I.732 by 1999


Draft new Recommendations for IP NE functions and IP over ATM mechanisms.

	Relationships



Other relevant Questions of SG 15 on management (Q.13/15, Q.14/15)


ITU-T SG 4 on TMN


ITU-T SG 11 on signalling


ITU-T SG 12 on voice over ATM


ITU-T SG 13 on architectures, performance and network interworking


ATM Forum


IETF

	Annex 1
to Question 10/15


	Detailed study items for Question 10/15


1. Aspects of interfaces to be supported at both the UNI and the NNI. These may be categorised into two groups: 


physical aspects for the support of ATM (SDH and cell-based transport);


adaptation aspects for signals requiring interworking with ATM (frame relay, circuit emulation of PDH signals).

2. The functionality of equipment: 


ATM VP and VC multiplex function;


ATM VP and VC cross-connect functions;


ATM VP and VC switching;


ATM adaptation layer (AAL) functions;


IP transfer and routing functions;


Operations, Administration, Maintenance and Provisioning (OAM&P) requirements, in conformance with studies carried out under the management Questions of SG 15.

3. Equipment performance objectives: 


cell loss ratio;


blocking probability/traffic availability;


cell transfer delay/delay variation;


IP equipment performance parameters;


Other

4. Capabilities for ATM layer protection switching.

5. Multipoint transport capabilities (e.g. OAM, Resource Management, Traffic Control, etc.)

6. IP control functions
	Question 11/15 - Signal structures, interfaces and interworking for transport networks


	Background and justification


Although the basic principles of SDH documented in Recommendation G.707 are mature and stable, further enhancements to this Recommendation may become necessary (items remaining for further study, new emerging applications).Alignment with the results of ongoing work in Study Groups 4 and 13 on SDH network maintenance and performance and on SDH network architecture applications (M.2101, G.803 and G.831) will also be required. As more SDH based networks utilizing optical fibre and other media (e.g. radio-relay, satellite) are deployed, further enhancements to the existing Recommendations (G.804, G.832, and G.861) may be required to reflect new requirements and principles with regard to network applications and interworking scenarios as identified by Study Group 13.

For PDH related Recommendations occasional amendments to Recommendations G.702, G.703, G.704, G.706, G.796 and G.797 may be required to reflect new applications or to align them with related Recommendations under the control of other Study Groups. Amendments to PDH equipment Recommendations (G.730, G.740 and G.750-series) may become necessary to accommodate the transport of ATM signals. Recommendations related to PDH in the access environment, including flexible multiplexers, and N x 64 kbit/s cross-connects will also be covered by this Question.

Hardware aspects of digital exchanges were recommended in Q.500-series Recommendations.

IP traffic can be transported over ATM, PDH, SDH, and OTN. Effective means for this transport is required. Interworking aspects between different transport networks and between the other network technologies and IP are also covered.

In the context of the evolving Optical Transport Network (OTN), new Recommendation G.709 will define the Network Node Interface (NNI) based on the architecture defined in G.872 by SG 13.

	Study Items


1. What enhancements should be made to Recommendations G.702, G.703, G.704, G.706, G.707, G.796 and G.797 and the related equipment Recommendations (G.730, G.740 and G.750-series)?

2. What enhancements should be made to the existing Recommendations G.804, G.832 and G.861, or what new Recommendations should be developed, to reflect additional SDH network applications and interworking scenarios?

3. What enhancements should be made to existing Recommendations or what new Recommendations should be developed to specify IP transport networks ?

4. Definition of the OTN NNI in new Recommendation G.709.

Annex 1 to Q.11/15 gives some detailed study points.

	Specific tasks and deadlines



Revisions to Recommendation G.703 by 01/98


Revisions to Recommendation G.704 by 2000


Revisions to Recommendation G.706 by 10/98


Revisions to Recommendation G.707 by 10/98


Revisions to Recommendation G.804 by 01/98


Revisions to Recommendation G.832 by 10/98


Revisions to Recommendation G.861 by 1999


Revisions to Recommendation G.775 by 01/98


Revisions to Recommendation G.780 by 01/98


Revisions to Recommendation G.796 by 1998


Revisions to Recommendation G.797 by 1998


Revisions to Q.500-series Recommendations, if inputs are received.

	Relationships



Other relevant Questions of SG 15 on transport equipment and on optical networks, SDH equipment and management


ITU-T SG 4 on TMN


ITU-T SG 5 on overvoltage protection and EMC


ITU-T SG 7 on IP related aspects


ITU-T SG 11 on signalling


ITU-T SG 13 on transport network architectures


ITU-T SG 16 on multimedia


ITU-R SG 4 on satellite systems


ITU-R SG 9 on radio-relay systems


IETF

	Annex 1
to Question 11/15


	Detailed study items for Question 11/15


For Study Item (1)

1. Resolution of outstanding study items identified in Recommendation G.707.

2. Additional mappings of source signals into PDH and SDH, e.g. to accommodate the transport of audio or video ATM signals (e.g. MPEG2).

3. Additional specifications of Section Overhead (SOH) and path Overhead (POH) bytes of the SDH for new network applications or maintenance related aspects.

4. Impact of a more extensive use of optical technology (e.g. WDM, OFA) in SDH systems.

5. The specification of additional sub-STM-1 rates and structures.

6. Resolution of issues that might be identified for the transport of ATM structured signals over PDH and SDH based systems.

7. Revisions and/or addition to PDH and SDH related terminology.

8. Enhancements to the SDH and PDH hierarchy, interface and multiplexing Recommendations in order to meet the needs of the access network.

9. Enhancements to the SDH and PDH hierarchy, interface and multiplexing Recommendations in order to meet the needs of the Global Information Infrastructure (GII).

For Study Item (2)

In the area of integration of radio-relay and satellite systems in SDH based transport networks (G.861), the following points require further study:

1. visibility and accessibility for management control of non-hierarchical section layers;

2. extension of multipoint topologies beyond satellite system boundaries;

3. overhead functionalities for grouped VCs and/or TUs in radio-relay system paths.

For Study Item (3)

1. Resolution of issues related to the transport of IP traffic (e.g. client signal adaptation, transport signal structure ...) over various transport networks and interworking between these networks.

For Study Item (4)

1. Definition of signal structure, overhead contents and format for the OTN NNI in accordance with the network and physical requirements.

2. Define client layer mappings for the OTN.

	Question 12/15 - Muldexes and statistical muldexes for telegraphy and data transmission using digital bearer channels


	Background



TDM systems which are based on envelope-interleave technique, i.e. X.50/X.51, X.55/X.56 TDM systems, are being used for data communication;


X.50/X.51, X.55/X.56 TDM systems are not substantially effective for direct telegraph signal transmission;

	Items for study


It is necessary to continue the study of TDM systems with the following points being stressed: 


extension of the data signalling rate range (14.4, 19.2, 24, 38.4 and 48 kbit/s);


start-stop data signal transmission with rates of 600 - 19 200 bit/s;


statistical multiplexing of telegraph and data signals (for homogeneous and heterogeneous systems). Statistical multiplexing both in main muldex and submuldex;


aspects of maintenance loops for telegraph and data transmission channels;


aspects of maintenance interfaces for TDM systems supervision and control.

	Specific tasks and deadlines


Updating of Recommendation X.58: 1997.

	Question 13/15 - Management  functions and services of transport systems and equipment


	Background and justification


As the level of functionality and intelligence in transport networks increases, then management functions become more important. Recommendations are required for all types of transport equipment, defined in ITU-T Recommendations. Management functions for the interworking of ITU-T specified transport equipment and other equipment, such as IP-optimized equipment, should also be addressed.

	Study Items


Recommendation G.784 should be maintained for SDH equipment to ensure compatibility with the corresponding SDH equipment Recommendations.

New Recommendations should be established, as required to support equipment Recommendations, for: 


AVMMS equipment


DCME / PCME equipment


speech coding equipment


flexible multiplexing equipment


PDH multiplexing equipment


ATM equipment


Optical network equipment

New Recommendations should be established to support interworking with IP-optimized equipment.

	Specific tasks and deadlines


To follow, closely, the development of corresponding equipment Recommendations so that Recommendations can be provided at the same time on management functions and services. Recommendations to be produced could include: 


Revision of G.784: 2000 


New Recommendation on management of ATM networks and equipment: 2000 


New Recommendation on management of AVMMS equipment: 2000


New Recommendation on management of DCME / PCME equipment: 2000 


New Recommendation on management of speech coding equipment: 2000 


New Recommendation on management of PDH and flexible multiplexing equipment: 2000 


New Recommendation on management of optical network equipment: 2000 


New Recommendation on management of optical networks 2000 


New Recommendation on management of interworking with IP-optimized equipment: 2000

Note: The above dates are subject to progress on the corresponding equipment Questions.

	Relationships


Relevant Questions of Study Group 15 on transport equipment for which management Recommendations are required.

	Question 14/15 - Management of transport equipment from the element level view


	Background and justification


ITU-T has established the TMN concept as a generalized framework for the definition of management functions and interfaces. Recommendations are required for all types of transport equipment, defined in ITU-T Recommendations, for which the management functions are required to be integrated into the TMN. Management information model should address the current ITU-T specified techniques (SDH, PDH, OTN, DCME/PCME) and, in addition, the functions needed to interwork with IP.

	Items for study


New or modified Recommendations are needed to support element level management within a TMN. Such Recommendations have been established for SDH equipment (G.774 series) and, in part, for optical transport equipment (G.875).In both cases additions and updates will be required as the corresponding equipment Recommendations evolve. Other technologies such as IP-optimized, e.g., IP, networks should also be considered. 

	Specific tasks and deadlines


To follow, closely, the development of corresponding equipment Recommendations so that element level management Recommendations can be provided at the same time. Specific objectives are:

For SDH technology Recommendations on: 


Protection switching enhancements 2000


Synchronisation 2000


Real time clock setting 2000

For OTN technology Recommendations on: 


Optical Amplifier 2000


Optical Multiplexer 2000


Optical Cross-connect 2000


Adaptation management 2000


Configuration management 2000


Fault management 2000


Performance management 2000


Protection Switching management 2000

For other technologies: 


Management information model for DCME / PCME equipment 2000


Management information model for speech coding equipment 2000


Management information model for interworking with IP-optimized equipment 2000


Management information model for PDH and flexible multiplexing equipment 2000

Note: The above dates are subject to progress on the corresponding equipment Questions.

	Relationships


Relevant Questions of Study Groups 4, 13 and 15 on transport systems and equipment for which TMN compatible management Recommendations are required.

	Question 15/15 - Characteristics and test methods of optical fibres and cables


	Background and justification


This Question is responsible for the following draft or published Recommendations:

G.650: Definition and test methods for the relevant parameters of single-mode fibres

G.651: Characteristics of a 50/125 m m multimode graded-index optical fibre cable

G.652: Characteristics of a single-mode optical fibre cable

G.653: Characteristics of a dispersion-shifted single-mode optical fibre cable

G.654: Characteristics of a 1550 nm wavelength loss-minimized single-mode optical fibre cable

G.65x: Characteristics of a nonzero-dispersion single-mode optical fibre cable.

Single-mode optical fibre cables are being deployed at accelerated rates in telecommunication systems worldwide. These fibres find wide application in local access networks, interoffice and long distance networks, and in submarine networks.

Items that have been considered so far include:

- The description and testing of three single-mode fibre types, with another under consideration

- Parameters and associated test methods for…


geometrical characteristics of both the mode field and cladding


chromatic dispersion and polarisation mode dispersion (PMD)


cut-off wavelength of several types


attenuation, including length uniformity, spectral modelling, and bending losses


mechanical reliability

- New test methods for fibre non-linearity

	Items for study


In local access networks, more fibre is being deployed closer to the subscriber, raising concern of more hostile environments and handling. Cables are being constructed with fibre ribbons with differing coating requirements. To transport more information to the customer, fibres are being used in systems with higher bit-rates of 2.5 Gb/s to 10 Gb/s with time-division multiplexing (TDM), and in systems that mix both analogue and digital modulation formats. To increase regenerator spacings, some networks utilise erbium-doped fibre amplifiers (EDFAs), with other types soon to be introduced. This affects the power-handling capabilities of the fibre, safety, and dispersion-limited lengths. Networks with EDFAs are employing passive and active dispersion compensation to upgrade existing fibre optimised for shorter wavelengths. Transmission of separate information channels at different wavelengths (dense WDM) is finding increased interest, but crosstalk is becoming a concern.

New techniques are becoming available for characterizing length uniformity of various fibre geometrical and transmissive characteristics. When the uniformity of such characteristics (1) has a functional impact on systems, and (2) is not merely a quality control issue, then uniformity is an appropriate issue for study. An example of a characteristic which satisfies both criteria (for Recommendation G.65x only) is chromatic dispersion.

Some issues to be considered are: 


Geometrical, mechanical, and optical properties of the glass and coating, for single-fibre and ribbon-fibre applications; new dimensions, strippability, curl;


Reliability (lifetime and failure rate) under a wide variety of temperature and humidity environments; long-term ageing; hermetic fibres [in cooperation with the IEC which has leadership for this work];


Effect of cable design and installation on transmission characteristics;


Completion of the definition and measurements of PMD, relationship between fibre and cable values, interaction with chromatic dispersion;


Determine how the attenuation and bending loss of fibres may be used in the design of effective monitoring systems in the 1600 to 1650 nm range;


Fibre parameters relating to analog video transmission;


Test methods for nonlinear parameters (describing stimulated Brillouin scattering, self-phase modulation, four-wave mixing, modulation instability, soliton formation, etc.) such as power thresholds, effective area, nonlinear coefficients;


Transmission characteristics of fibre for WDM/FDM systems with optical amplifiers (currently EDFAs, and later other types of fibre and semiconductor amplifiers), for bidirectional transmission, or for coherent transmission; to minimise crosstalk and other nonlinear effects [for example, nonzero-dispersion fibre];


Implications of dispersion accommodation for fibres;


Possible additional fibre types, such as dispersion-flattened fibre or polarisation-maintaining fibre;


Length uniformity of fibre geometrical and transmission characteristics.

	Specific tasks and deadlines



Modify fibre parameters in G.652, G.653, and G.654; as required


Enhancements of G.65x; by 1998


Develop new recommendations for possible additional 
fibre types; date to be determined


Develop definitions of new parameters, and corresponding 
factory and field test methods, RTMs and ATMs, for G.650; by 1997


Revisions of G.651 as required.

	Relationships



Other relevant Questions of SG 15 on optical systems


ITU-T SG 6 on cable issues


IEC SC86 on general fibre matters, especially reliability and on fibre test calibration.

	Question 16/15 - Characteristics of optical systems for inter-office and long distance networks


	Background and justification


This Question is responsible for the following draft or published Recommendations:

G.955: Digital line systems based on the 1544 kbit/s and the 2048 kbit/s hierarchy on optical fibre cables

G.957: Optical interfaces for equipments and systems relating to the synchronous digital hierarchy

G.958: Digital line systems based on the synchronous digital hierarchy for use on optical fibre cables

G.691: Optical interfaces for single-channel systems with optical amplifiers

G.mcs: Optical interfaces for multichannel systems with optical amplifiers

G.681: Functional characteristics of interoffice and long-haul line systems using optical amplifiers, including optical multiplexing

Fibre optic networks are being deployed at accelerated rates in telecommunication systems worldwide. Along with the continuation of the Plesiochronous Digital Hierarchy (PDH), the Synchronous Digital Hierarchy (SDH) has seen increasing acceptance. The increasing service demands of the subscriber lead the push to higher bit-rates. The technologies of time-division multiplexing (TDM) and wavelength-division multiplexing (WDM) or optical frequency multiplexing (OFM) are being implemented to respond to these demands. These, along with the losses of complex components and increasing span lengths have necessitated the use of optical amplifiers (OAs).

Items that have been considered so far include: 


General considerations for systems based on the PDH, using multimode and single-mode fibre


Elementary statistical and semi-statistical power budget approaches


General considerations for systems based on the SDH


Optical link and optical interface parameters for SDH systems that

– use several types of single-mode fibre
– address transmitter, optical line, and receiver parameters
– are single-channel (single-wavelength), without OAs and with OAs, at TDM bit-rates up to STM-64
– have 4 or 8 channels (wavelengths), with OAs, at TDM bit-rates up to STM-16


Functional characteristics of systems with OAs and optical multiplexing


Optical aspects such as:

– optical power levels and automatic gain control
– the optical frequency plan, including the optical supervisory channel wavelength
– dispersion accommodation techniques, mainly passive
– polarisation mode dispersion

	Study Items


Although much progress has been made on the above topics, the Recommendations will be further developed, with more details and with further technological developments. Some consideration may need to be given to ATM (Asynchronous Transfer Mode) transmission over the network.

Some issues to be considered are: 


Additional dispersion accommodation techniques


Multichannel systems extended to include:

– N-by- STM-64 wavelength channels
– more than 8 channels
– specific recommended optical frequencies
– optical passband equalization
– power level management


Selectively suppressing or utilising optical nonlinearities


Soliton transmission


Use of other types of OAs, with changes in wavelengths and power levels


Optical time-division multiplexing (OTDM)


Bidirectional transmission


Coherent transmission


Clarification and resolution of technical issues in current and draft Recommendations


Specifications to enable transverse compatibility in single-channel and multichannel systems

	Specific tasks and deadlines



Modify G.955, G.957, G.958; as required


Further develop G.691, G.mcs, and G.681; by 1998 for G.mcs, as required for enhancements


Develop additional recommendations from progress on the above issues; as required

	Relationships



Other relevant Questions of SG 15 on SDH and ATM equipment, fibres and optical systems, transmission network management


ITU-T SG 13 on SDH and ATM architectures


IEC SC86 on system measurement test methods and on OA test methods

	Question 17/15 - Characteristics of active and passive optical components and sub-systems


	Background and justification


This Question is responsible for the following draft or published Recommendations:

G.661: Definition and test methods for the relevant generic parameters of optical fibre amplifiers

G.662: Generic characteristics of optical fibre amplifier devices and sub-systems

G.663: Application-related aspects of optical fibre amplifier devices and sub-systems

G.671: Transmission characteristics of passive optical components

Fibre optic networks are being deployed at accelerated rates in telecommunication systems worldwide. Moreover, the complexity of these networks and the demands for more services has brought about an increasing diversity of active and passive optical components. These components find application in local access networks, interoffice and long distance networks, and in submarine networks. Functions differ with the application, whether single-directional or bidirectional, point-to-point or point-to-multipoint, single or multiple wavelength, with or without optical amplification.

Items that have been considered so far include: 


Optical fibre amplifiers (OFAs) as devices and sub-systems, including:

– parameter definitions and measurement (IEC test methods);
– classification of devices and sub-systems;
– optical nonlinearities;
– polarisation and dispersion;
– noise and optical surge;


Passive components such as

– splices and connectors;
– attenuators and terminators;
– 1-by-N branching components (such as splitters and combiners);
– 2-wavelength optical multiplexers and demultiplexers;
– filters and isolators;
– optical switches;
– dispersion compensators;


Worst-case transmission parameter values (for all environments and to end-of-life) for passive components in digital applications.

	Items for study


With technological developments, new types of 2-port and N-port active and passive components, and combinations thereof, are emerging. Moreover, the performance of current and future components in analogue systems is of practical concern.

Some issues to be considered are: 


OFAs other than EDFAs


Semiconductor optical amplifiers (SOAs)


OA sub-systems resulting from the combination of OAs with:

– active components such as in optically-amplified transmitters (OATs) and optically-amplified receivers (OARs)
– passive components such as optical splitters, optical multiplexers, dispersion compensators


Operations, administration, and maintenance (OA&M) aspects of OAs


Active and passive component parameter values for analogue transmission and distribution


Further quantification of optical nonlinearities


Parameter values for passive (and perhaps active) components with respect to:

– statistical values, such as mean and standard deviation
– short-term variations with environment
– long-term degradation with aging
– use of these in system calculations


Parameter values for M-by-N branching components, including unequal split ratios


Multiwavelength optical multiplexers and demultiplexers


Other components for present and future networks (including photonic networks), such as:

– optical circulators
– optical modulators
– optical cross-connect components
– passive and active dispersion compensators
– add/drop multiplexer components
– wavelength-tunable devices - lasers, switches, filters, etc.
– wavelength/frequency transponders or converters


Safety aspects of all the above components

	Specific tasks and deadlines



Revise G.661, G.662, G.663, and G.671; as required


Prepare new Recommendations to incorporate new components or sub-systems; as required

	Relationships



Other relevant Questions of SG 15 on optical systems and transmission network management


ITU-T SG 6 on physical aspects of outside plant for optical amplifiers and for active and passive optical components


IEC SC86 on optical passive components, on dispersion compensator specification and on optical amplifiers

	Question 18/15 - Characteristics of optical fibre submarine cable systems


	Background and justification


This Question is responsible for the following draft or published Recommendations:

G.971: General features of optical fibre submarine systems

G.972: Definition of terms relevant to optical fibre submarine cable systems

G.973: Characteristics of repeaterless optical fibre submarine cable systems

G.974: Characteristics of regenerative optical fibre submarine cable systems

G.975: Forward error correction for optical fibre submarine cable systems

G.OSS3: Test methods applicable to optical fibre submarine cable systems

G.OASS: Characteristics of optical amplifier submarine cable systems

Fibre optic transmission under bodies of water is experiencing tremendous growth as the needs expand for telecommunication services worldwide. Submarine cable systems are widely used for transoceanic, inter-island, and shore-to-shore applications, for both national and international networks. Marinized terrestrial cables, intended as a portion of land cable systems and suitable for some short shallow water crossings, are allocated to ITU-T SG 6.

Items that have been considered so far include: 


Performance of the cable, terminal equipment, optical sections, and digital line sections


Regenerative systems (with electrical repeaters)


Repeaterless systems (without inline power-feeding equipment), but allowing for optical amplifiers at the transmitter or receiver and for remotely pumped amplifiers


Optically-amplified systems, including locally pumped inline amplifiers


Testing for purposes of:

– qualification (during development)
– quality assurance (during manufacturing)
– installation (during laying and connection)
– commissioning (of as-installed plant)
– maintenance (periodic and repair)


Testing of:

– optical fibres and submarine cable, including joints
– repeaters
– terminal transmission equipment
– power-feeding equipment
– the end-to-end link


Forward-error correction to increase receiver sensitivity and decrease the BER floor

	Items for study


Much of the above work remains to be completed and expanded. Bit-rates have gotten higher, and the lengths of repeaterless systems have gotten longer due to erbium-doped fibre amplifiers (EDFAs). In addition, multiwavelength transmission techniques under development for terrestrial systems are likely to find application for submarine systems.

Some issues to be considered are: 


Submarine cable construction, installation, jointing, repair, and protection


Completion of details concerning submarine systems employing optical amplifiers


Optimising aspects of forward-error correction codes


Compatibility of submarine and terrestrial systems


Movement of submarine systems to higher bit-rates, including the effects of chromatic dispersion, polarisation-mode dispersion, and optical fibre nonlinearities


Adoption of wavelength-division multiplexing/demultiplexing techniques


Potential introduction of other types of fibre amplifiers or semiconductor amplifiers operating at different wavelengths


Use of branching devices in submarine networks.

	Specific tasks and deadlines



Modify G.971 and G.972; as required


Complete G.OSS3, particularly with respect to tests on repeaters, 
terminal transmission equipment, power feeding equipment, and the link; by 1997


Revise G.973; as required


Revise G.975; as required


Continue and complete the work begun on G.OASS; by 2000


Continue developing the Annex/G.971 regarding data on cable 
ships and submersible equipments; as required.

	Relationships



Other relevant Questions of SG 15 on optical systems


ITU-T SG 6 on other types of underwater cables


ITU-T SG 13 on error performance


IEC SC86 on fibre reliability and on underwater cables

	Question 19/15 - Reliability and availability of optical systems


	Background and justification


This Question is responsible for the following draft or published Recommendations:

G.911: Parameters and calculation methodologies for reliability and availability of fibre optic systems

G.mda: Methodology for deriving fibre optic reliability objectives

As fibre optic transmission systems become more pervasive, and as the transmission rates continue to increase, a failure within a network becomes more expensive. The development of reliability tools and the collection of system/network reliability information saves unnecessary expense for all parties involved — manufacturers, network operators, and customers by providing a common reference point and understanding. Such reliability work stabilizes expectations, especially as fibre optic systems penetrate further out into the access network where components and equipment may be exposed to more hostile environments and more frequent handling. In particular, it is critical to have robust methods for anticipating the reliability of future transport systems and networks for all situations.

Items that have been considered so far include: 


Parameters related to reliability and availability of:

– the system
– active and passive devices
– fibre and cable


Steady-state reliability prediction and calculation methodologies of the above, with and without line protection


An allocation methodology for downtimes based on end-to-end availability, for both objectives-setting and design guidance purposes.

	Study Items


Fibre optic systems are taking advantage of new technologies, but these add to the complexity of the networks. The focus of this Question is on optical systems, but in all types of networks including hybrid fibre/copper architectures. Reliability data on network and system performance is desired to help move G.mda forward, although it is not planned for this work to produce a database for general use. Component reliability is important where such components are used directly in the network (such as fibre optic branching devices in passive optical networks). Note: General reliability issues for components are expected to be addressed by the IEC.

Some issues to be considered with respect to reliability and availability are: 


The influence and application of generic transport network topological forms, such as rings, in reliability models


Evolution of local access network architectures


The influence of transport technology (such as hybrid fibre/coax networks and optical networking)


Definition of transport availability in the context of multiple services, including multimedia


Downtime allocation methodology


Collection of information on fibre optic system and network reliability

	Specific tasks and deadlines



Revise G.911; as required


Complete G.mda; by 1998


Gather background information on current network/system reliability performance; as required

	Relationships



Other relevant Questions of SG 15 on optical systems


ITU-T SG 6 on optical cable maintenance


ITU-T SG 13 on network considerations of availability


IEC SC86 on optical systems

	Question 20/15 - Characteristics of optical networking


	Preamble


The fully optical network will become reality in the near future. This new Question is viewed by SG 15 as covering a broad range of topics that are currently distributed among multiple Working Parties and Study Groups. At this early stage of study, it would be desirable for this work to be done under a single organisation. SG 15 would propose to take the initial lead in these efforts. It is envisioned that ITU-T will move relevant pieces of the work proposed here to other Questions in the appropriate WPs and SGs, as the work is better defined.

	Background and justification


A number of technological developments promise to further enhance the cost-effective capabilities of fibre optic telecommunications systems worldwide. Wavelength-division multiplexing (WDM) or optical frequency-division multiplexing, in particular, add features to optical networking. Some of these features include channel capacity enhancement, node processing improvement, reconfigurability including wavelength adding/dropping, optical protection, flexible service provisioning, and potential transparency to optical signal bit-rate and format. These will build upon a number of existing and draft new Recommendations in various areas, as outlined in the table below, many of which might have an impact on Optical Networking.

	Topic
	PDH
	SDH
	ATM
	Optical Networking

	Components & Sub-systems
	G.661, G.662, G.663, G.671
	G.661, G.662, G.663, G.671
	 
	G.661, G.662, G.663, G.671

	Functional Characteristics
	G.706, G.73x, G.74x, G.75x, G.821, G.822, G.823, G.824, G.826
	G.783, G.784, G.813, G.825, G.826, G.828, G.829, G.958
	I.731, I.732
	G.681

	Physical-Layer Aspects
	G.703
	G.703, G.957, G.691
	G.703, G.957, I.432
	G.691, G.692

	Architectural Aspects
	 
	G.803, G.805
	G.805, I.326
	 

	Structures & Mapping
	G.704, G.73x, G.74x, G.75x,
	G.707, G.832
	I.361, I.362, I.363, I.610
	 

	Management Aspects
	 
	G.774-x, G.784, G.831
	I.751
	 


Many questions arise concerning the effects of architectural design, the needed components and network equipment, and the area of operations, administration, and management (OAM) functionality and interfaces. Seven of the listed Recommendations presently begin to cover optical networking issues:

G.661: Definition and test methods for the relevant generic parameters of optical fiber amplifiers

G.662: Generic characteristics of optical fibre amplifier devices and sub-systems

G.663: Application Related Aspects of Optical Fibre Amplifier Devices and Sub-systems

G.671: Transmission characteristics of passive optical components

G.681: Functional characteristics of interoffice and long-haul line systems using optical amplifiers, including optical multiplexers

G.691: Optical interfaces for single channel systems with optical amplifiers

G.692: Optical interfaces for multichannel systems with optical amplifiers

It is to be emphasized that, on account of the largely analogue nature of optical networking, considerable feedback is to be expected from the physical layer to architectural aspects. It is also clear that many existing Recommendations will need enhancements and some completely new Recommendations will need to be developed.

One particular promising application of optical networking concerns the possibility to transport IP packets over the OTN (including WDM), namely the so-called "IP over WDM". In this context it is to be stressed that: 


during the last few years an explosion in demand for data traffic has occurred in some countries;


IP is now considered a common layer 3 protocol for data transport (thus requiring OSI layers 1 and 2 mechanisms);


data networking equipment (router and switches) are now available with high speed interfaces (bit rates of 2.5 Gbit/s are already available and bit rates of 10 Gbit/s are foreseen in the near future);


WDM systems allow an efficient use of optical fibres, providing the transport of several high bit rate channels for each fibre pair.

As a consequence, some operators are now interested in considering network optimised for the transport of IP traffic, where IP routers are directly connected to an OTN in order to reduce the number and type of equipment terminals in the network and therefore the complexity in terms of management. 

At present, the transport of IP traffic is generally based on the use of Frame Relay and/or ATM, typically mapped on SDH signals. In order to improve the efficiency in the use of transmission capacity, recently a direct mapping of IP over SDH is being developed, and now the possible solution of "IP over WDM" has been proposed, through the definition of some optimised adaptation functions that could be different from SDH.

While a final implementation of "IP over WDM" could be considered for long term applications through the definition of new optimised adaptation functions of IP to the optical signal (implying the allocation of existing or new transport functions either to the IP layer or to the OTN layers), other short term solutions can be envisaged. Two possible short term solutions could be the following:

1. the IP routers can be connected to the OTN through integrated SDH (STM-16/STM-64) interfaces, without involving any other SDH equipment in the network;

2. the IP router can be connected to the OTN through other types of physical interfaces, originally specified for different applications, e.g. with lower costs (gigabit ethernet, for instance).

In solution 1 the role of SDH is limited to point-to-point transmission and therefore a number of SDH functions (such as the synchronisation), originally defined for networking can be redundant and could be removed. 

In solution 2 the transport of non-SDH optical signals on WDM systems requires the specification of an adapter (e.g. a transponder) that is either specific to these signals or is able to accept different bit rates and frame structure. In this case, the realisation of required OAM, could also be considered.

	Study Items


Some issues to be considered are the optical and transmission aspects of: 


Components and sub-systems [Q. 17/15]

– wavelength-tunable devices
– wavelength/frequency transponders or converters
– optical circulators, optical modulators, and optical cross-connect components
– optical nonlinearities and crosstalk


Functional characteristics [Q. 9/15]

– optical protection switching and optical path protection
– optical cross-connects and add/drop multiplexers (implementation Issues)
– defects and consequent actions

- "IP over WDM": definition of adaptation functions and associated supervision processes; survivability capability and strategies for multilayer survivability functions; synchronisation layer functions.


Physical layer aspects [Q. 16/15]

– reference circuits from a transmission viewpoint
– terminations and reference points
– physical interfaces
– wavelength/frequency hierarchies for local access, interoffice and long-haul networks
– crosstalk
– power level management
– optical reference frequency aspects
– channel groupings
– physical carriers for different kinds of OAM signals
– wavelength monitoring and control (physical implementation)
– supervisory channel on dedicated wavelength, or frame overhead, or SCM
– systems aspects of optical nonlinearities, crosstalk, & soliton transmission
[with Q.15/15]

- "IP over WDM": physical interface characteristics (line code, optical parameters, performance characteristics of suitable transponders, etc.).

– specifications for transverse compatible optical networking


Network architectural aspects of ITU-T SG 13 [Q.19/13]

– network layer structure (circuit, electrical, optical, physical media)
– network layer functions (wavelength routing, wavelength re-use, wavelength translation, path cross-connection)
– network capacity and scalability
– network transparency
– network restoration and optical protection switching
– WDM ring topologies and interconnections

- "IP over WDM": optimized architectural solutions for backbone, regional, metropolitan networks.


Structures and mapping [Q. 11/15]

– overhead functions and definitions
– network node interface (NNI)

- "IP over WDM": client adaptation and transport signal structure.


Network management aspects [Q. 13/15 & Q. 14/15]

– user interfaces
– optical path/channel management
– add/drop multiplexing
– wavelength administration

- "IP over WDM": Management function for the interworking of WDM with IP router, including functions of adaptation, fault, performance monitoring and protection switching (Q.13/15); Management information model for the interworking of WDM with IP router (Q.14/15).

	Specific tasks and deadlines



Develop a baseline work plan that establishes a framework for all major activities; by 1999


Produce and accelerate the availability of recommendations to address the above, and other items that may be identified; as required

	Relationships



Other relevant Questions of SG 15 on optical systems and transmission network management


ITU-T SG 13 on media dependent network architecture


Other SGs as subsequently identified


IETF Transport Area

	Question 21/15 - Transport Network Equipment for Interconnecting GSTN and IP Networks


	Background and justification


Voice and voice-band traffic in international networks has traditionally been transported by circuit switched systems and equipment. With the advent of the IP-based networks, and as a result of its considerable growth and pervasive nature, more and more speech traffic is expected to be carried over transport networks optimized for IP traffic.

There is recognition that IP-based transport of speech signals is a rapidly growing area of network development. For the next several years, much of this voice transport related to IP will pass through equipment interconnecting GSTN and IP networks. GSTN in the context of this Question is the General Switched Telephone Network and refers to PSTN, N-ISDN, B-ISDN, and mobile networks. IP in the context of this Question is the Internet Protocol and IP networks in this context are networks optimized for the transport of IP.

Given that voice and voice-band services remain a significant part of telecommunications, there is a need to ensure a high quality of service for speech carried in part or wholly via Internet Protocol. Recommendations for protocols exist or are being developed for converting and transporting GSTN originated voice and voice-band data over IP networks. The interworking of these is covered by other Recommendations. It is not the purpose of this Question to redefine these existing protocols or define new ones, but rather to have them encompassed under one equipment specification to ensure that the correct and appropriate functionality is present in this equipment.

	Study Items


1. What overall functionality should TIGIN possess?
Amongst other issues, this item will identify relevant voice coding, interface, signalling, call control, and interworking Recommendations that have been developed elsewhere within the ITU-T in the context of their operation within TIGIN.

2. What interfaces within GSTN and IP interface points should TIGIN possess?
Both physical and logical interfaces will be identified under this item. Relevant Recommendations will be referenced where applicable.

3. What protocols and Internet interworking functions are to be supported by TIGIN?
This item will identify inband speech coding, inband signalling and voice-band data protocols supported on the GSTN interface, as well as IP packet protocols that are used to interface to the IP interface.

4. What control and operation interfaces need to be specified?
This item will identify which Recommendations need to be supported within the equipment for control, configuration, and management.

5. What should be recommended for TIGIN in the areas of level offset, echo return loss and background noise?
Work here will identify and recommend specific requirements for speech, inband signalling and voiceband signals passing through TIGIN. 

6. What should be recommended in TIGIN functionality to ensure minimal end-to-end delay?
It is recognized that IP networks will often cause a longer end-to-end delay than traditional circuit switched networks. This item will investigate the impact of these delays on Signal Processing Network Equipment (SPNE) and define appropriate requirements. 

7. What are the effects of placing TIGINs in tandem and what should be recommended to minimize the impact of these effects?
Similar tests will be proposed to those currently being considered within the Questions in Study Group 15 dealing with echo control and automatic level control equipment.

8. What degradation is there when low bit rate coders and other non-linearities are present in connections incorporating TIGIN, and what should be recommended to minimize the impact of these degradations ?
This item will study the impact of speech degradation on other SPNE (e.g. DCEM, EC) caused by non-linearities present within the IP network.

9. What tests should be included to guarantee acceptable behavior with voiceband data signals, signalling tones, call-processing tones, speech, etc.?
Previous work done this area for echo canceller equipment and DCMEs will be taken into account.

10. What hardware and software tools are needed to support testing of TIGIN ?
11. What is the impact of evolving terminal equipment such as modems, fax, wireless and multimedia terminals on TIGIN?
Reference will be made to any ongoing work in other Study Groups as it pertains to TIGIN equipment requirements.

	Question


What functionality, interfaces, and functional tests need to be specified and recommended for Transport network equipment for Interconnecting GSTN and IP Networks (TIGIN) to provide good performance in the network? What impact do speech-processing issues related to this TIGIN equipment have on overall network performance.

	Specific tasks and deadlines



New Recommendation G.TIGIN (GSTN/Internet)

	Relationships



Other Questions of ITU-T SG 15 as relevant


ITU-T SG 4 on TMN aspects


ITU-T SG 7 on Lower Layer Protocols


ITU-T SG 8 on facsimile


ITU-T SG 11 on signalling issues


ITU-T SG 12 on application guidelines and subjective performance


ITU-T SG 13 as lead Study Group on overall IP issues


ITU-T SG 16 on speech coding and interworking protocols


ITU-R TG 8/1 on IMT-2000


IETF Transport Area: sigtran, megaco and iptel Working Groups


IMTC – VoIP Activity Group


ETSI TIPHON


U.S.A.ANSI T1A1 Committee

