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Abstract: This paper presents the up-to-date ITU-T activity on the standardization of the next generation networks by the work of the Study group 13 on the Project NGN 2004. The starting point in the examination of the NGN architecture represents the new functional referent model of the manageable NGN network. The essential element in this model is the Access gateway – AGW. This paper explains the functional characteristics of the AGW and the examples of the practical use are given in it.
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1 Introduction
As the needs for new network technologies increase, packet networks become more and more popular. NGN (Next Generation Network) is a common name for those advanced technologies networks that are mostly based on packet networks: IP or ATM. If those networks are planned to be in the wide use, they have to be standardized. That is why ITU-T has already started and continues to start new projects in order to make standards and implement those networks.
The NGN concept is the result of the changes in the dynamic telecommunication market that are caused by several factors: open competition of the telecom operators which is the consequence of the deregulation in telecommunications, the expansion of the digital traffic as a consequence of the growing use of Internet, as well as increased user demands for the multimedia services and general mobility.
In 1995 ITU-T started with the GII (Global Information Infrastructure) project that had to solve the problem of the implementation guidelines and standards for the NGN realization and resulted with a number of Recommendations from the Y series. At the beginning of this year ITU-T started the new project with the goal of the NGN standards implementation called NGN 2004 project.
As the most significant matter, this project should make the convergence of networks and services easier. In other words, it should provide concrete realization of the concept defined by the GII project.

Consequently, by the end of the year 2004 ITU-T would have to define the first recommendations in this field.

ITU-T works on standardization through technical Study groups that consist of ITU-T members from different telecommunication areas. Study group 13 is occupied with IP based networks and networks based on different protocols. One of the projects this group is concerned with is NGN 2004 project.
On the last meeting in Geneva in January this year Study group 13 made the temporary document NDN-TD-22 as the basis for future recommendations [1]. This document contains draft versions of future Y recommendations which will define different NGN segments as:
· NGN services requirements,

· General referent NGN model,
· Functional NGN requirements and NGN architecture,
· Considering of the NGN regulation,
· Requirements and architecture of the NGN mobile management,
· Bases of the manageable IP network,
· QoS architecture for Ethernet-based IP access networks,
· End-to-end QoS architecture for IP/MPLS networks.

In this paper will be used parts of next segments: general referent NGN model and functional NGN requirements and NGN architecture.
2 New functional referent model of the manageable NGN network
The functional referent model of the manageable IP - NGN network is suggested in the NGN-TD-22 document (picture 1) [1].
User-network interface (UNI) and interface between network nodes are defined by the management point of view.
Interface functions are defined on the user (U), control (C) and management (M) plane. Several UNI interfaces can be comparable to R, S and T ISDN user access interfaces.

UNI interface for cable distributive systems that is behind CMTS must be specified to provide the distribution of the broadband services. Access gateway is on the demarcated point between the user and the network.
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Picture 1: Functional referent model of the manageable NGN. 
In the functional architectural NGN model wire and wireless user access, optical user interfaces in FTTH and FTTO systems are to be considered, as well as the integration of duplex telecom and simplex broadcast systems. That is the reason why ITU-T members from Korea suggest the functional architectural model of the different UNI interfaces (picture 2) [2].

The network backbone consists of 3 layer models (U, C and M plane). Networks with different characteristics (switched leased line, broadcast/distribution, manageable MPLS, best effort IP) can be integrated on the U plane. The network backbone has to be physicly and logically integrated, as it includes the existing telephone, IP and broadband networks. 
The functional referent NGN model on the user plane is shown in the picture 3 [2]. The access gateway (AGW) is placed between the user and the network, i.e. on the demarcated place between two interface types. Different kinds of access have to be observed on the user network interface, as cable, wireless, SONET/TDM, ATM/FR and Ethernet. A number of different gateways are needed in order to support the existing applications.
At the UNI, the AGW is used to configure the end-to-end connectivity with acceptable QoS levels. The Control-plane functions can be applied to the AGW at the UNI in order to negotiate the relevant service profiles. There is also a number of servers and gateways at the Control-plane such as AAA, DNS, HA/FA, and signaling/media gateways.
It is important to take care of the optimum in solutions presented in ITU documents, because the lack of some devices would decrease the functionality and capabilities of the system, and on the other hand, the overbalance of them would overweight the system. The typical example would be the stand-alone softswitch possibility of servicing only one or several media gateways.
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Picture 2: Functional architectural NGN model [2].
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Picture 3: Functional referent NGN model on the user plane [2].
3 Functional AGW characteristics
AGW provides user’s access to the packet switching network (the transfer mode which is the basic characteristic of the NGN).

As it is shown in the picture 3, there are 5 different kinds of the user access:

- TDM access for POTS and ISDN users (BRI or PRI),

- wireless,

- cable,

- АТМ/FR,

- Ethernet.

Classical access for analog or ISDN users using standard copper wire pair with DSS1 or V5.2 signaling was implemented in the past 20 years. During that time it became very spread and popular. Although the number of competitive user accesses (wireless or cable – coax and optical) is increasing, the classical copper wire pair access is still dominant type of access in the world. That is also the result of the use of modern xDSL technologies.
On the other hand, trends in access and transport technologies clearly show that the future belongs to the packet technologies. NGN concept itself relies on packet switching as the one and only transfer mode. That is the reason why AGW represents the key link between access and packet switching networks. One of the basic AGW functions is to provide the voice gateway for the users that are connected to the NGN using classic accesses (POTS, ISDN, xDSL) [3]. Basic AGW characteristics in the case of the voice conversion from different classic TDM accesses are shown in the table 1.
	AGW characteristics

	Standard for vocoding
	Number and type of the PSTN interfaces
	PSTN signalization
	Number and type of the IP&ATM interfaces
	NGN  signalization


Table 1: Basic AGW characteristics of the voice conversion from TDM to NGN.
In most cases AGW from the UNI interface includes: BRI-ISDN user interfaces (S0 or U0), analog user POTS interfaces and E1 interfaces for PRI-ISDN or V5.2 users. Often AGW also supports analog user signalizations (pulse, DTMF, FSK) or DSS1 on those interfaces. In most cases on the NNI side AGW includes ATM (E1/T1, DS3, STM-1/OC-3, STM-4/OC-12) or IP interfaces (10/100BaseT). The most used IP signaling types are H.323, MGCP, MEGACO and DSS1/IP.
4 Voice processing functions
Vocoding. Vocoding includes several functions. It is the basic processing function in voice packet networks, which automaticly stands for the AGW too. This function provides digital voice converting from one format to the other. It mainly stands for the modification of the PCM 64 kbps format to the lower rate signal format – so called encoding. The reverse process of the digital voice modification back to the PCM format is called decoding [4]. Decoding is used in two cases. The first one refers to the end of the trunk when the voice signal has to be converted to the analog form which can be registered by the human ear. The second one refers to the part of the transcoding process, i.e. the process of converting from the one voice format to the other. Four standards that are mostly used in packet networks are G.711, G.726, G.723.1 and G.729A. They are progressively improving by utilization of new real-time solutions [5].  These standards characteristics are shown in the table 2[6].

	Standard
	Rate kb/s
	MOS
	Encoding
	Latency

	G.711
	64
	4,1
	PCM
	0,75 ms

	G.726
	32
	3,85
	ADPCM
	1 ms

	G.729A
	8
	3,85
	CS-ACELP
	10 ms

	G.723.1
	6,3-5,3
	3,8
	ACELP – MP-MLQ
	30 ms


Table 2: Different types of encoding characteristics
It should be mentioned that there are different types of coding that are used in wireless networks: enhanced full rate - EFR, adaptive multi-rate - AMR and anhanced variable rate CODEC – EVRC.

The voice compression and rate decreasing cause, however, the degradation of the voice quality compared to the original PCM signal. The result MOS (mean opinion score) of the subjective method of the voice quality evaluation for the specified type of the equipment is shown in the table 2 [7]. The value of the MOS parameters that is between 4 and 5 stands for the toll quality, i.e. the voice quality that is expected in the classic PSTN. The value between 3 and 4 corresponds to the voice quality that is sufficient for the communication, while all values less than 3 represent the synthetic voice quality.  Requirements for the resources that are necessary for voice processing and memory capacities are also very important. For example, G.723.1 encoding enables the rate reduction with the coefficient 1:12 without significant loss of quality, but demands much bigger processing and memory capacity compared to the other encoding types. The concequence is the decrease of the port density and the increase of the costs.
In the phase of the establishing the connection AGWs communicate using MGCP (H.248) protocol and have to provide different encoding combinations depending on the network bandwidth and specified standards. That means that AGW has to be flexibile enough to support different voice encoding combinations, as well as the efficient transition from one to the other encoding type.
Finally, the component part of the standards which define encoding types is the voice activity detection – VAD. Based on the fact that the silence makes at least 50% of the voice conversation, VAD provides certain advantages in the efficient use of bandwidth. In moments when the silence is detected, encoding is not applied, and special silence descriptors with comfort noise samples are passed in lieu of vocoded payload (CNG – comfort noise generation). 

Echo cancellation. Echo cancellation is the next very important voice processing function. The effect of the echo of the own voice is caused by the signal reflection on the hybrid crossing 4 to 2-wired trunks on the classic TDM exchanges [8]. Echo can be eliminated using software buffers that memorize PCM voice data to cancell echo arriving from the opposite direction. The ammount of memorized PCM data is defined by the distance between the echo generation point and AGW (in miliseconds). Echo with the bigger latency needs more memory and more time for signal processing, which causes the decrease of the port density and the increase of the costs. There is a number of new AEC (Acoustic Echo Cancellation) algorithms which provide significant enhacement in signal quality (e.g. LMS family of algorithms ) [9].
Jitter buffer managing. The variation of the packets arrival interval is called jitter and represents important characteristic of the non-connection orriented networks which do not guarantee the bandwidth. It is possible to compensate for the jitter effect in the network by using the jitter buffer managing, the result being the increase of the costs. Efficient jitter buffer managing can be made using the adaptation of the jitter buffer capacity to the increase or decrease of the jitter with no consequences to the voice transfer. Different methods of decreasing jitter and new audio streaming tools are constantly developping [10].
Tone generation and detection. The next important AGW function in the voice processing is the tone generation and detection. Tones can be those for the communication of the equipment: DTMF (dual-tone multifrequency) for the numerical transfer from the user's device to the local exchange and for demands of the classical telephone services, MF (multifrequency) for the in-band signaling (for example fax machines and computer modems) or tones used to define call status (ringing, call on waiting...) that are not standardized in the same way worldwide. 

Generation and detection of the DTMF tones, as well as generation of the call status tones with the special characteristics (so called programmable generation of the call status tones) is a very important requirement of the voice processing in the AGW. 
Transfer of the modem signals. AGW has to provide the transfer of the modem signals, in the case of the fast modem signals of the call establishment and fax modem signals, as well as the slow call ID signals. Higher rate modem signals can not be encoded, ecpecially not using the low rate encoders. They have to be dealt using one of the following methods: pass-through and relay method, or call termination [4].

Pass-through is the method for detecting the modem signals transfer, avoiding the voice processing function and forwarding the signal directly to the packet switching network. All voice processing funcions are eliminated using this method, including encoding, echo cancellation etc.
The alternative method is modem relay which implies fax modem signals demodulation at the entrance of the gateway, transfer of the payload and control information through the packet switching network to the other gateway, and remodulation of the fax signal. In that way the fax relay method becomes transparent for the transmiting and receiving equipment. Additional advantage of this method compared to the previous one is the decrease of the transfer latency, which is important as the increased latency can cause the releasing of the connection. Recommendations I.366.2 and T.38 define the packet format for the fax relay.
5 Practical realizations
Several equipment manufacturers have already done practical realizations of the AGW. Although the network standardization has been planned for the end of this year, the development and implementation of the AGW have started earlier, which is usual in telecommunications practice. The comparative characteristics of the different manufacturers AGWs (Telsey, AudioCodes, Iskratel and Samsung) are shown in the table 3.
It is obvious that AGWs are to be produced for different end user capacities. They provide the connection with the classic analog PSTN or digitial ISDN devices and modern xDSL modems on the user side. NGN interfaces are mostly IP (10/100BaseT) or different ATM interfaces (E1/T1, STM1/OC-1, STM4/OC-12).  

Finaly, all AGWs provide all voice processing functions: voice encoding, echo cancellation, VAD and CNG functions, jitter buffer managing and fax relay (Recommendation T.38). 

6 Conclusion

The new functional referent model of the manageable IP - NGN network is presented. The role of the AGW is very important in the functional referent model of the manageable NGN network. The AGW represents the crucial connection between the existing access networks and the packet switching networks. The numerous voice processing functions are handled in it. Although it has been planned by the project NGN 2004 ITU-T to accept the NGN recommendations until the end of 2004, there have been the advanced practical realizations so far and have been much applied in the large capacity systems.

	Manufacturer
	Equip-

ment name
	User interfaces
	Network interfaces
	Capacity
	Vocoding
	PSTN signalization
	NGN signalization and control

	Telsey

[11]
	CPV
	ISDN/POTS
	10/100BaseT
	2 simultaneous calls
	G.711, G.723.1,

G.729a
	DSS1, DTMF,
	MGCP, H.323, SIP

	AudioCodes [12]
	MP-10x
	POTS
	10/100BaseT
	8 POTS

channels
	G.711, G.723.1,

G.726,

G.727,

G.729a
	DTMF
	MGCP, H.323, MEGACO, SIP

	Iskratel

[13]
	Mini
	ISDN/POTS


	10/100BaseT, ATM
	120 ISDN/POTS

channels
	G.711, G.723, G.729a/b
	DSS1, V5.2, DTMF, FSK, pulse
	MGCP, H.323, DSS1/IP

	
	Compact
	ISDN/POTS


	10/100BaseT, ATM
	240 ISDN/POTS channels
	G.711, G.723, G.729a/b
	DSS1, V5.2, DTMF, FSK, pulse
	MGCP, H.323, DSS1/IP

	
	Standard
	ISDN/POTS


	10/100BaseT, ATM
	640 ISDN/POTS channels
	G.711, G.723, G.729a/b
	DSS1, V5.2, DTMF, FSK, pulse
	MGCP, H.323, DSS1/IP

	Samsung

[14]
	AceMAP
	POTS,
ADSL, SHDSL,
VDSL,
Leased line (SHDSL, E1, DS3, Ethernet)
	PSTN, ATM,

100/1000BaseT
	4000 simultaneous calls
	G.711, G.723.1,

G.726, G.729a/b
	DTMF, pulse
	MGCP, MEGACO


Table 3: Comparative characteristics of the different manufacturers AGW.
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