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1
Scope

The present document identifies the Mobile‑services Switching Centre/Interworking Functions (MSC/IWFs) and requirements to support interworking between:

a)
PLMN and PSTN;

b)
PLMN and ISDN;

for circuit switched services in the PLMN. It is not possible to treat ISDN and PSTN as one type of network, even when both ISDN and PSTN subscribers are served by the same exchange because of the limitations of the PSTN subscribers access i.e. analogue connection without D‑channel signalling.

Within the present document, the requirements for voice and non‑voice (data) calls are considered separately.

From R99 onwards the following services are no longer required by a PLMN:

-
the dual Bearer Services "alternate speech/data" (BS 61) and "speech followed by data" (BS 81);

-
the dedicated services for PAD (BS 4x) and Packet access (BS 5x);

-
the single asynchronous and synchronous Bearer Services (BS 21..26, BS 31..34).

From Rel-4 onwards the following services are no longer required by a PLMN:

-
the synchronous Bearer Service non-transparent (BS 30 NT).

-
the Basic Packet access

-
Non-transparent facsimile (TS 61/62 NT) for the A/Gb mode and GERAN Iu mode.

If a PLMN still provides these services it shall fulfil the specification of former releases.

The present document is valid for a PLMN in A/Gb mode as well as in Iu mode. If text applies only for one of these systems it is explicitly mentioned by using the terms "A/Gb mode" and "Iu mode". If text applies to both of the systems, but a distinction between the ISDN/PSTN and the PLMN is necessary, the term "PLMN" is used. Please note, that the Gb interface does not play any role in the scope of this document although the term "A/Gb mode" is used.

Next section modified

3
Definitions and abbreviations

Use is made of the following terms within the present document. These terms refer to information requirements necessary to support interworking functions, some of these terms will be identifiable with their use in other 3GPP specifications.

bearer capability information: specific information defining the lower layer characteristics required within the network.

low layer compatibility information: information defining the lower layer characteristics of the terminal.

high layer compatibility information: information defining the higher layer characteristics of the terminal.

compatibility information: this term subsumes the entirety of Bearer Capability, Low Layer Compatibility, High Layer Compatibility, Progress Indicator and Address Information conveyed out‑of‑band prior to call establishment for the support of compatibility checking and terminal/function/service selection at the ISDN‑type user‑network interface.

protocol identifier: information defining the specific protocols utilized for the support of data transfer by a terminal.

progress indicator: information supplied to indicate to the terminal that network interworking has taken place.

out‑of‑band parameter exchange: information exchanged via an associated or non‑associated signalling link e.g. SS No 7.

PSTN: subscriber to network interface supports only analogue terminals.

ISDN: subscriber to network interface supports digital or analogue terminals, plus a standardized user to network associated signalling system and a standardized internetwork signalling system.

autobauding type 1: this information element value may be contained in the setup or call confirm messages from the UE in association with a non transparent data service. This implies that the MSC/IWF may select any speed and modem type according to what it can negotiate with the remote modem on the PSTN/ISDN. The parameters User Rate and FNUR (Fixed Network User Rate), if present, has no meaning when Modem Type is autobauding type 1.

multi self selecting speed modem: this term applies to V series modems capable of handling one or more lower speeds as a fall back position. When such a modem is requested in the call setup or call confirm message from the UE in association with a non transparent service, the MSC/IWF may select any of the speeds supported according to the negotiation with the remote modem on the PSTN/ISDN. The parameters User Rate and FNUR (Fixed Network User Rate), if present, has no meaning when Modem Type is autobauding type 1.

unrestricted 64 kbit/s network: a digital network which has 64 kbit/s octet-structured Information Transfer Capability (ITC) with no restrictions on the contents of each octet.

restricted 64 kbit/s network: ITU-T I.464 defines '"restricted 64 kbit/s transfer capability" as "64 kbit/s octet‑structured capability with the exception that an all-zero octet is not permitted". In the present document, the term "restricted 64 kbit/s network" refers not only to networks with the I.464 restriction but also to those in which the 8th bit of each octet is unusable for data transmission.

directly connected restricted 64 kbit/s network: restricted 64 kbit/s network which is connected directly to the MSC/IWF.

indirectly connected restricted 64 kbit/s network: restricted 64 kbit/s network which is connected to the MSC/IWF via an unrestricted 64 kbit/s network.

EDGE channel: general term referring to channels based on 8PSK modulation; i.e. TCH/F28.8, TCH/F32.0, and TCH/F43.2. 

A/Gb mode: A system or a subsystem operates in A/Gb mode if an A or Gb interface is used between the radio access network and the core network. 

Iu mode: A system or a subsystem operates in Iu mode if an Iu-CS or Iu-PS interface is used between the radio access network and the core network. It operates in UTRAN Iu mode if UTRAN is used as radio access network. It operates in GERAN Iu mode if GERAN is used as radio access network.
Next section modified

7
Interworking classifications

7.1
Service interworking

Service interworking is required when the Teleservices at the calling and called terminals are different. No service interworking, except for facsimile group 3 (Teleservice 61 or 62 interworking with standard facsimile group 3 service), has been identified as a requirement of the PLMN system for PSTN/ISDN network based services.

7.2
Network interworking

Network interworking is required whenever a PLMN and a non‑PLMN together are involved to provide an end to end connection and may be required in instances of PLMN to PLMN connections.

The concept of Bearer Services was developed for the ISDN and has been extended to the PLMN. A bearer service is defined (in 3GPP TS 22.001) as.

A type of telecommunication service that provides the capability for the transmission of signals between user‑network interfaces.

Bearer services are described by a number of attributes, where an attribute is defined as a specified characteristic of an object or element whose values distinguish that object or element from others.

For the purpose of the present document, a PSTN is assumed to provide a bearer service which equates to an ISDN 3,1 kHz audio bearer service.

Refer to 3GPP TS 22.002 for complete list of bearer services. Refer to 3GPP TS 24.008 for coding of Bearer Capabilities. Refer to 3GPP TS 27.001 for the allowed combinations of parameter value settings.

Table 3: Bearer Service Interworking

	Bearer service category in PLMN
	Bearer Service in PLMN
	Bearer service in ISDN
	Service in PSTN

	Circuit mode unstructured with unrestricted digital capability
	Asynchronous Data general
	
	

	Transparent and Non-transparent
	
	Cct mode structured 
	Not Applicable

	Circuit mode unstructured with unrestricted digital capability Transparent
	Synchronous Data general
	64 kbit/s unrestricted
	

	3,1 kHz Audio Ex PLMN 
	Asynchronous Data general
	
	

	Transparent and Non‑transparent
	
	Cct Mode
	Cct Mode 

	3,1 kHz Audio Ex PLMN
	Synchronous Data general
	3,1 kHz Audio
	3,1 kHz Audio

	Transparent
	
	
	


Table 4: Network interworking of Teleservices

	Teleservice in 
PLMN
	Lower layer capabilities
addressed in the PLMN Bearer
Capabilities IE
	Bearer service
in ISDN
	Service
in PSTN

	Telephony
	Unstructured with speech capability
	Speech or Cct mode 
	Cct Mode

	Emergency calls 
	Unstructured with speech capability
	3,1 kHz audio
	3,1 kHz audio

	Alternate speech/
facsimile group 3
	Data Cct duplex synchronous (A/Gb mode) / asynchronous (UTRAN Iu mode) access
alternate speech
group 3 fax
	Cct mode 3,1 kHz 
audio
	Cct mode 3,1 kHz 
audio

	Automatic 
Facsimile group 3
	Data Cct duplex synchronous (A/Gb mode) / asynchronous (UTRAN Iu mode) access
group 3 fax
	Cct mode 3,1 kHz 
audio
	


This table does not identify any relationship between Teleservices in the PLMN with those in the ISDN/PSTN, it is merely to identify the interworking of the lower network layers of that teleservice with the network layers i.e. bearer service in the ISDN/PSTN.
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9.2.1.2
Modem Selection

In general terms the indication of the bearer capability parameter "Information Transfer Capability" will be utilized in the call set‑up message to determine when the modem should be selected in the call.

In case of single calls, the modem function shall operate in the calling mode in case of mobile originated calls and in the answering mode in case of mobile terminated calls.

In case of dual data calls (alternate speech/facsimile group 3) the operation mode of the modem (working in calling or answering mode) depend on the initial call setup direction and on the optional parameter "Reverse Call Setup Direction" information element of the MODIFY message. If this information element is omitted the direction is derived from the initial call setup direction, i.e. the mode is the same as in case of single calls.

For the attribute value "3,1 kHz audio Ex PLMN" and "facsimile group 3", the modem will be selected immediately. The line procedure according to V.25 will then be carried out using the appropriate modem functions.

For the Teleservice 61 "Alternate speech/facsimile group 3", (if speech is selected as the first service), the modem is made available but not selected until the subscriber indicates the change of service request (see subclause 9.3).

For "alternate speech/facsimile group 3" calls refer to 3GPP TS 43.045 (A/Gb mode) and 3GPP TS 23.146 (UTRAN Iu mode).

Next section modified

9.2.3
Transparent service support

The protocol stacks for transparent services are specified in 3GPP TR 43.010 and in 3GPP TR 23.910.

In Iu mode, the transparent services are based in the Iu User Plane protocol specified in 3GPP TS 25.415.

In A/Gb mode the rate adaptation scheme shall be utilized on the RAN to MSC link as identified in 3GPP TS 48.020. The transcoding function will generate the 64 kbit/s rate adapted format utilizing the 8 and 16 kbit/s intermediate data rates. The MSC to MSC/IWF link (e.g. in the case of handover) will utilize the same 64 kbit/s rate adaptation scheme as that indicated in 3GPP TS 48.020.

For the transparent service support the MSC/IWF will select the modem and speed based on the Compatibility information contained in either the call set‑up or call confirmed message reference subclause 9.2.1 and 9.2.2. Where the modem type indicated is one of the multi‑speed versions, e.g. V.32, then the MSC/IWF will restrict the modem to the speed indicated in the call set‑up and call confirmed message, respectively, i.e. will inhibit the modem from changing speed, irrespective of the conditions, error rate, encountered on the PSTN link. This scenario is also applicable for the use of "autobauding" modems, in that only the specifically requested modem type and speed will be selected at the MSC/IWF (however Facsimile Group 3 can use channel mode modify).
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9.2.4
Non‑transparent service support

The protocol stacks for non-transparent services are specified in 3GPP TR 43.010 and in 3GPP TR 23.910. Both of the systems use the Radio Link Protocol (RLP) specified in 3GPP TS 24.022.

In Iu mode, the non-transparent services are based in the Iu User Plane protocol specified in 3GPP TS 25.415.

In A/Gb mode the corresponding necessary support concerning the rate adaptation scheme shall be utilized on the RAN‑MSC link as identified in 3GPP TS 48.020.

For the non-transparent service support the MSC/IWF will select the modem and speed based on the Compatibility information contained in either the call set‑up or call confirmed message, reference subclauses 9.2.1 and 9.2.2. Where the Modem Type indicated is autobauding type 1, the MSC/IWF may select any speed and modem type according to what it can negotiate with the remote modem. In this case User Rate and Fixed Network User Rate, if present, has no meaning.
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9.2.4.12
Service level up and down grading

Service level up and down grading is only applicable for A/Gb mode and GERAN Iu mode. If the value of the RLP parameter "UP signalling" is negotiated to 1, the IWF shall send a suggestion to the UE to initiate an upgrading whenever the following condition holds:

The IWF:

1)
is receiving user data from the fixed network side at a higher rate than the current AIUR; or

2)
in symmetrical calls only, can send user data towards the fixed network side at a higher rate than the current AIUR.

When the above condition does not hold, the IWF sets the value of the UP bit continuously to 0. When the condition above does hold, the IWF indicates the number of traffic channels to upgrade by, by sending that number of 1s between two consecutive 0s in the UP bit sequence. This indication is not repeated since the FCS protects it. For instance, if the current number of traffic channels is two and an upgrading to four traffic channels is suggested, the UP bit sequence shall be ..01100... How the IWF detects the condition and additional details for setting and resetting of the UP bit, e.g., hysteresis levels, may depend on implementation. NOTE: From MSC/IWF's perspective a TCH/F28.8 or TCH/F43.2 EDGE configuration is identical to a multislot 2(TCH/F14.4 or 3(TCH/F14.4 configuration. In this case, rather than suggesting the number of channels to add, the IWF suggests a number of 14.4 substreams to add and therefore a factor of 1/2 or 1/3 shall be applied to the suggested increase when the assigned up link channel is TCH/F28.8 or TCH/F43.2 respectively. 
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9.3
Interworking Alternate Speech / Facsimile Group 3 Calls

9.3.1
General

The procedure for the alternate speech/facsimile group 3 services is invoked at UE‑MSC link during the call set‑up phase. This service is invoked by indication of repeated bearer capability information elements in the setup message and/or call confirmed message respectively (preceded by a repeat indicator "circular"), one indicating speech and the other indicating facsimile group 3. The facsimile service requested will be indicated by the information transfer capability "facsimile group 3", as for a normal single call. The bearer capability first indicated i.e. speech or facsimile group 3 determines the first selection required of the network by the subscriber. Depending on the type of service requested and direction of call establishment (M0/MT, see relevant clauses of 3GPP TS 27 series) low layer and high layer capabilities may also be included. The MSC/IWF will perform both compatibility checking and subscription checking on both sets of capabilities as for normal data calls. If either the subscription check or the compatibility check fails then the call will be rejected. The only exception to this is when TS61/TS62 negotiation takes place, see 3GPP TS 27.001.

The applicable rules for provision of supplementary services are laid down in 3GPP TS 22.004.

The "speech" phase of the call, when invoked is handled by the transcoder and will utilize normal telephony teleservice interworking requirements and mobile network capabilities. This includes any requirements for echo cancellers etc. as indicated in subclause 9.1. The "facsimile group 3" phase of the call, when invoked, shall utilize the appropriate data interworking capability (IWF including modem) and shall use the transparent mobile network capability in A/Gb mode or the non‑transparent mobile network capability in UTRAN Iu mode.

The network shall provide, for service and operational reasons, a rapid and reliable changeover of capability upon request from the mobile user. This changeover may involve the disabling, by‑passing or introduction of particular network functions (e.g. speech coder, modem etc.) and change of the channel configuration on the radio interface. This changeover is initiated on the receipt of the "MODIFY" message (see 3GPP TS 24.008) from the UE. The network itself will not initiate a changeover.
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10.2.3
Transparent service support

The protocol stacks for transparent services are specified in 3GPP TR 43.010 and in 3GPP TR 23.910.

In Iu mode, the transparent services are based in the Iu User Plane protocol specified in 3GPP TS 25.415.

In A/Gb mode identifies the rate adaptation scheme shall be utilized on the RAN to MSC link as identified in 3GPP TS 48.020. The transcoding function will generate the 64 kbit/s rate adapted format utilizing the 8 and 16 kbit/s intermediate data rates. The MSC ‑ MSC/IWF will utilize the same rate adaptation scheme as that indicated in 3GPP TS 48.020, i.e. adapted to 64 kbit/s.
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10.2.4
Non‑transparent service support

The protocol stacks for non-transparent services are specified in 3GPP TR 43.010 and in 3GPP TR 23.910. Both of the systems use the Radio Link Protocol (RLP) specified in 3GPP TS 24.022.

In Iu mode, the non-transparent services are based in the Iu User Plane protocol specified in 3GPP TS 25.415.

In A/Gb mode the corresponding necessary support concerning the rate adaptation scheme shall be utilized on the RAN‑MSC link as identified in 3GPP TS 48.020.

For the non-transparent service support the MSC/IWF will select the modem and speed based on the Compatibility information contained in either the call set‑up or call confirmed message, reference subclauses 9.2.1 and 9.2.2. Where the Modem Type indicated is autobauding type 1, the MSC/IWF may select any speed and modem type according to what it can negotiate with the remote modem. In this case User Rate and Fixed Network User Rate, if present, has no meaning.

Next section modified

10.3
Interworking Alternate speech facsimile group 3 calls

10.3.1
Alternate speech data bearer interworking

10.3.1.1
General

The procedure for the alternate speech/facsimile group 3 service is invoked at the UE‑MSC link during the call set‑up phase. This service is invoked by indication of repeated bearer capability information elements in the setup message and/or call confirmed message, respectively (preceded by a repeat indicator "circular"), one indicating speech and the other indicating "facsimile group 3" plus user rate etc., as for normal single calls. The bearer capability first indicated i.e. speech or facsimile determines the first selection required of the network by the subscriber. Depending on the type of service requested and direction of call establishment (M0/MT, see relevant clauses of the 3GPP TS 27 series) low layer and high layer capabilities may also be included. The MSC/IWF will perform both compatibility checking and subscription checking for mobile originated calls and optionally for mobile terminated calls (single numbering scheme) on both sets of capabilities as for normal data calls. If either the subscription check or the compatibility check fails then the call shall be rejected. The only exception to this is when TS61/TS62 negotiation takes place, see 3GPP TS 27.001.

As regards the supplementary services the application rules are laid down in 3GPP TS 22.004.

The speech phase of the call, when invoked, is handled by the transcoder and will utilize the normal telephony teleservice interworking requirements and mobile network capabilities. The Facsimile group 3 phase of the call, when invoked, shall utilize the appropriate data interworking capability (e.g. IWF) and shall use the transparent mobile network capability in A/Gb mode or the non‑transparent mobile network capability in UTRAN Iu mode.

The network shall provide, for service and operational reasons, a rapid and reliable changeover of capability upon request from the mobile user. This changeover may involve the disabling, by‑passing or introduction of particular network functions (e.g. speech coder, modem etc.) and change of the channel configuration on the radio interface. This changeover is initiated on the receipt of the "MODIFY" message (see 3GPP TS 24.008) from the UE. The network itself will not initiate a changeover.
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11
Interworking between A/Gb mode MSC and Iu mode MSC

11.1
Handover from Iu mode MSC to A/Gb mode MSC

After a handover from an Iu mode MSC to an A/Gb mode MSC the user plane between the anchor MSC and the visited MSC shall comply to the standard A-interface protocols, i.e:

-
A-TRAU or modified V.110 frames as defined in 3GPP TS 44.021 [27] and 3GPP TS 48.020 [28];

-
up to four 16kbit/s substreams are multiplexed in one 64kbit/s channel (Split/Combine function and Multiplexing function as defined in 3GPP TS 44.021 [27] and 3GPP TS 48.020 [28]).

11.2
Handover from A/Gb mode MSC to UTRAN Iu mode MSC

After a handover from an A/Gb mode MSC to an UTRAN Iu mode MSC the user plane between the anchor MSC and the visited MSC shall comply to the A-TRAU' protocol except for FNUR = 56 kbit/s (ITC=RDI) and FNUR = 64 kbit/s (ITC=UDI). For both exceptions a plain 64 kbit/s channel is used between the MSCs.

The A-TRAU' protocol is defined as follows:

-
A-TRAU' frames are transmitted in regular intervals of 10ms;

-
an A-TRAU' frame consists of two consecutive A-TRAU frames (as defined in 3GPP TS 48.020 [28]) each with a length of 320 bit;

-
the A-TRAU' protocol is used on a plain 64 kbit/s channel without substreams;

-
the same A-TRAU' format is used for the transparent and non-transparent transmission mode;

-
in transparent mode the number of data bits in an A-TRAU' frame depend on the user rate only, each user rate corresponds to a fixed number of data bits (see below);

-
in non-transparent mode A-TRAU' frames contain always complete RLP frames, rate adaptation is performed by means of the M2 bit;

-
the M1-bit is used to identify 1st and 2nd frame in both transmission modes.

11.2.1
Frame layout for the different transparent user rates

The number of data bits in an A-TRAU' frame depend on the user rate only, each user rate corresponds to a fixed number of data bits in an A-TRAU' frame.

Table 10: A-TRAU' frame layout for transparent user rate

	Date Rate
	Number of data bits per A-TRAU' frame

	33.6 kbit/s
	336

	28.8 kbit/s
	288


The data bits are inserted in the A-TRAU' frame starting with D1 of Data field 1 of the first A-TRAU frame. The unused bits are filled with binary '1'.

11.2.2
A-TRAU' frame format

One A-TRAU' frame consists of two consecutive A-TRAU frames. Figure 15 shows the format of one A‑TRAU frame.

	
	bit number
	

	Octet number
	0
	1
	2
	3
	4
	5
	6
	7
	


	0
	0
	0
	0
	0
	0
	0
	0
	
	

	1
	0
	0
	0
	0
	0
	0
	0
	0
	

	2
	1
	C1
	C2
	C3
	C4
	C5
	M1
	M2
	

	3
	Z1
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	

	4
	D8
	D9
	D10
	D11
	D12
	D13
	D14
	D15
	36 bit data field 1

	5
	D16
	D17
	D18
	D19
	D20
	D21
	D22
	D23
	

	6
	D24
	D25
	D26
	D27
	D28
	D29
	D30
	D31
	

	7
	D32
	D33
	D34
	D35
	D36
	Z2
	D1
	D2
	

	8
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	D10
	

	9
	D11
	D12
	D13
	D14
	D15
	D16
	D17
	D18
	36 bit data field 2

	10
	D19
	D20
	D21
	D22
	D23
	D24
	D25
	D26
	

	11
	D27
	D28
	D29
	D30
	D31
	D32
	D33
	D34
	

	12
	D35
	D36
	Z3
	D1
	D2
	D3
	D4
	D5
	

	13
	D6
	D7
	D8
	D9
	D10
	D11
	D12
	D13
	

	14
	D14
	D15
	D16
	D17
	D18
	D19
	D20
	D21
	36 bit data field 3

	15
	D22
	D23
	D24
	D25
	D26
	D27
	D28
	D29
	

	16
	D30
	D31
	D32
	D33
	D34
	D35
	D36
	Z4
	

	17
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	

	18
	D9
	D10
	D11
	D12
	D13
	D14
	D15
	D16
	36 bit data field 4

	19
	D17
	D18
	D19
	D20
	D21
	D22
	D23
	D24
	

	20
	D25
	D26
	D27
	D28
	D29
	D30
	D31
	D32
	

	21
	D33
	D34
	D35
	D36
	Z5
	D1
	D2
	D3
	

	22
	D4
	D5
	D6
	D7
	D8
	D9
	D10
	D11
	

	23
	D12
	D13
	D14
	D15
	D16
	D17
	D18
	D19
	36 bit data field 5

	24
	D20
	D21
	D22
	D23
	D24
	D25
	D26
	D27
	

	25
	D28
	D29
	D30
	D31
	D32
	D33
	D34
	D35
	

	26
	D36
	Z6
	D1
	D2
	D3
	D4
	D5
	D6
	

	27
	D7
	D8
	D9
	D10
	D11
	D12
	D13
	D14
	

	28
	D15
	D16
	D17
	D18
	D19
	D20
	D21
	D22
	36 bit data field 6

	29
	D23
	D24
	D25
	D26
	D27
	D28
	D29
	D30
	

	30
	D31
	D32
	D33
	D34
	D35
	D36
	Z7
	D1
	

	31
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	

	32
	D10
	D11
	D12
	D13
	D14
	D15
	D16
	D17
	

	33
	D18
	D19
	D20
	D21
	D22
	D23
	D24
	D25
	36 bit data field 7

	34
	D26
	D27
	D28
	D29
	D30
	D31
	D32
	D33
	

	35
	D34
	D35
	D36
	Z8
	D1
	D2
	D3
	D4
	

	36
	D5
	D6
	D7
	D8
	D9
	D10
	D11
	D12
	

	37
	D13
	D14
	D15
	D16
	D17
	D18
	D19
	D20
	36 bit data field 8

	38
	D21
	D22
	D23
	D24
	D25
	D26
	D27
	D28
	

	39
	D29
	D30
	D31
	D32
	D33
	D34
	D35
	D36
	


Figure 15: A-TRAU 320 bit frame

Data Bits (Dxx):

The 288 data bits of an A-TRAU frame are divided in eight fields of 36 bits.

Control bits (C Bits):

C1 to C4:

The Control bits C1 to C4 define the used data rate. C1 to C4 in the first A-TRAU frame indicate the data rate in send direction.

C1 to C4 in the second A-TRAU frame indicate the used data rate in backward direction. This is required for Rate Control that is required in uplink direction. For details on Rate Control see 3GPP TS 25.415 [42].

Table 11: A-TRAU' control bits

	C1
	C2
	C3
	C4
	Radio Interface User Rate

	1
	0
	1
	1
	57,6 kbit/s

	1
	0
	1
	0
	33,6 kbit/s

	1
	0
	0
	0
	28,8 kbit/s

	0
	1
	1
	1
	14,4 kbit/s


C5:

C5 is not used, it is set to binary '1'.

Bit M1:

An A-TRAU' frame is made of two consecutive A-TRAU which build the transport container for 576 data bits. Bit M1 is used to determine the order of the A-TRAU frames within an A-TRAU' frame.

The two M1 bits are referred to as the Frame Start Identifier. The FSI value is 01. These values are assigned to the M1 bit as shown below:

Table 12: Frame Start Identifier

	
	M1 bit

	First A-TRAU frame
	0

	Second A-TRAU frame
	1


Bit M2:

The M2 bit is used to indicate 'valid' A-TRAU' frames. The M2 bit in both of the two consecutive A-TRAU frames relating to an A-TRAU' frame shall have the same value.

Transparent mode:

In transparent mode M2 is clamped to binary '0'.

Non-transparent mode:
In non-transparent mode M2 is used for DTX. If DTX is applied, M2 is set to binary '1'. If DTX is not to be applied, M2 bit is set to binary '0'. The DTX handling is used in both directions for rate adaptation purpose. This means that the sending entity will insert 'fill RLP-frames' with DTX set to binary '1' in case no RLP-frame is available.

Fill frames are also sent in order to adapt the RLP transmission frequency to the AIUR. The ratio between RLP frames and ‘fill’ RLP frames is defined in the following table:

Table 13: RLP transmission frequency

	AIUR
	Ratio between RLP and ‘fill’ RLP frames

	57.6 kbit/s
	Only valid frames

	28.8 kbit/s 
	1 valid frame followed by 1 ‘fill’ frame

	14.4 kbit/s
	1 valid frame followed by 3 ‘fill’ frames


Z bits:
The bits Zi are used for Framing Pattern Substitution mechanism. This mechanism is defined in 3GPP TS 48.020 [28]. 

Mapping of A-TRAU’ frames to PCM time slots:

A-TRAU’ frames shall be mapped octet aligned to PCM time slots. I.e. bit number 0 to 7 of each octet of an A-TRAU’ frame shall be mapped to bit number 0 to 7 of the PCM time slot.
11.3
Handover from A/Gb mode MSC to GERAN Iu mode MSC

11.3.1
User plane for transparent services

After a handover from a GERAN A/Gb mode MSC to a GERAN Iu mode MSC the user plane between the anchor MSC and the visited MSC shall be identical to the A-TRAU’ protocol except for FNUR = 32 kbit/s (ITC = UDI), FNUR = 56 kbit/s (ITC=RDI) and FNUR = 64 kbit/s (ITC = UDI). For these exceptions a plain 64 kbit/s channel is used between the MSCs. The rate adaptation between 64 kbit/s and 32 kbit/s is based on ITU-T I.460.

11.3.2.
User plane for non-transparent services

For the handover scenario from GERAN A/Gb mode MSC to a GERAN Iu mode MSC, the existing A-TRAU’ frame format will be extended to support the new defined RAB subflow data rates of the GERAN Iu mode.

For the RAB subflows with 12 kbit/s, 24 kbit/s, 36 kbit/s and 48 kbit/s the RLP frame length of 240 bit is used. For the transfer of this RLP frame length to A-TRAU’ protocol is modified. The A-TRAU’’ protocol is introduced. An A-TRAU’’ frame has the same layout as the A-TRAU’ frame and contains two A-TRAU frames.

One RLP frame with the length of 240 bit is contained in one A-TRAU frame. The A-TRAU’’ protocol is only used for the non-transparent services.

In figure 15a, the format of the A-TRAU frame for the RLP frame length of 240 is shown.

	
	Bit number
	

	Octet number
	0
	1
	2
	3
	4
	5
	6
	7
	


	0
	0
	0
	0
	0
	0
	0
	0
	
	

	1
	0
	0
	0
	0
	0
	0
	0
	0
	

	2
	1
	C1
	C2
	C3
	C4
	C5
	M1
	M2
	

	3
	Z1
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	

	4
	D8
	D9
	D10
	D11
	D12
	D13
	D14
	D15
	36 bit data field 1

	5
	D16
	D17
	D18
	D19
	D20
	D21
	D22
	D23
	

	6
	D24
	D25
	D26
	D27
	D28
	D29
	D30
	D31
	

	7
	D32
	D33
	D34
	D35
	D36
	Z2
	D1
	D2
	

	8
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	D10
	

	9
	D11
	D12
	D13
	D14
	D15
	D16
	D17
	D18
	36 bit data field 2

	10
	D19
	D20
	D21
	D22
	D23
	D24
	D25
	D26
	

	11
	D27
	D28
	D29
	D30
	D31
	D32
	D33
	D34
	

	12
	D35
	D36
	Z3
	D1
	D2
	D3
	D4
	D5
	

	13
	D6
	D7
	D8
	D9
	D10
	D11
	D12
	D13
	

	14
	D14
	D15
	D16
	D17
	D18
	D19
	D20
	D21
	36 bit data field 3

	15
	D22
	D23
	D24
	D25
	D26
	D27
	D28
	D29
	

	16
	D30
	D31
	D32
	D33
	D34
	D35
	D36
	Z4
	

	17
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	

	18
	D9
	D10
	D11
	D12
	D13
	D14
	D15
	D16
	36 bit data field 4

	19
	D17
	D18
	D19
	D20
	D21
	D22
	D23
	D24
	

	20
	D25
	D26
	D27
	D28
	D29
	D30
	D31
	D32
	

	21
	D33
	D34
	D35
	D36
	Z5
	D1
	D2
	D3
	

	22
	D4
	D5
	D6
	D7
	D8
	D9
	D10
	D11
	

	23
	D12
	D13
	D14
	D15
	D16
	D17
	D18
	D19
	36 bit data field 5

	24
	D20
	D21
	D22
	D23
	D24
	D25
	D26
	D27
	

	25
	D28
	D29
	D30
	D31
	D32
	D33
	D34
	D35
	

	26
	D36
	Z6
	D1
	D2
	D3
	D4
	D5
	D6
	

	27
	D7
	D8
	D9
	D10
	D11
	D12
	D13
	D14
	

	28
	D15
	D16
	D17
	D18
	D19
	D20
	D21
	D22
	36 bit data field 6

	29
	D23
	D24
	D25
	D26
	D27
	D28
	D29
	D30
	

	30
	D31
	D32
	D33
	D34
	D35
	D36
	Z7
	D1
	

	31
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	

	32
	D10
	D11
	D12
	D13
	D14
	D15
	D16
	D17
	

	33
	D18
	D19
	D20
	D21
	D22
	D23
	D24
	D25
	36 bit data field 7

	34
	D26
	D27
	D28
	D29
	D30
	D31
	D32
	D33
	

	35
	D34
	D35
	D36
	Z8
	D1
	D2
	D3
	D4
	

	36
	D5
	D6
	D7
	D8
	D9
	D10
	D11
	D12
	

	37
	D13
	D14
	D15
	D16
	D17
	D18
	D19
	D20
	36 bit data field 8

	38
	D21
	D22
	D23
	D24
	D25
	D26
	D27
	D28
	

	39
	D29
	D30
	D31
	D32
	D33
	D34
	D35
	D36
	


Figure 15a: Use of A-TRAU frame for RLP frame size of 240 bits

Data Bits (Dxx):

The 288 data bits of an A-TRAU frame are divided in eight fields of 36 bits.

Only 240 data bits will be used. The data bits D25 … D 26 of the data field 7 and the data bits D1 … D36 of the data field 8 are set to ‘1’ in of transfer of 240 bit long RLP frames.

Control bits (C Bits):

C1 to C4:

The Control bits C1 to C4 define the used data rate. C1 to C4 in the first A-TRAU frame indicate the data rate in send direction.

C1 to C4 in the second A-TRAU frame indicate the used data rate in backward direction. This is required for Rate Control in uplink direction. 

Table 14: A-TRAU control bits for A-TRAU”
	C1
	C2
	C3
	C4
	Radio Interface User Rate

	1
	0
	1
	1
	57,6 bit/s

	1
	0
	0
	0
	28,8 kbit/s

	0
	1
	1
	1
	14,4 kbit/s

	0
	1
	1
	0
	38,4 kbti/s

	0
	1
	0
	1
	19,2 kbit/s

	0
	1
	0
	0
	9,6 kbit/s


C5:

The C5 bit indicates that the A-TRAU’’ protocol is used and one A-TRAU frame contains one RLP frame with the length of 240 bit. In this case C5 is set binary ‘0’. 

Bit M1:

For A-TRAU’’ the M1 bit in each A-TRAU frame is always set to 1. 

Bit M2:

A-TRAU’’ protocol is only used in non-transparent mode.

The M2 is used for DTX. If DTX is applied, M2 is set to binary '1'. If DTX is not to be applied, M2 bit is set to binary '0'. The DTX handling is used in both directions for rate adaptation purpose. This means that the sending entity will insert 'fill RLP-frames' with DTX set to binary '1' in case no RLP-frame is available.

Fill frames are also sent in order to adapt the RLP transmission frequency to the AIUR. The ratio between RLP frames and ‘fill’ RLP frames is defined in the following table for the A-TRAU’’ protocol:

Table 15: RLP transmission frequency
	AIUR
	Ratio between RLP and ‘fill’ RLP frames

	38,4 kbit/s
	Each A-TRAU frame is valid

	28,8 kbit/s
	An A-TRAU’’ frame with two valid frames is followed by an A-TRAU’’ frame containing one valid frame and one fill frame.

	19,2 kbit/s
	Each A-TRAU’’ frame contains one valid frame and one fill frame.

	9,6 kbit/s
	An A-TRAU’’ frame with  one valid frame and one fill frame is follows by an A-TRAU’’ frame containing two fill frames


Z bits:
The bits Zi are used for Framing Pattern Substitution mechanism. This mechanism is defined in 3GPP TS 48.020. 

Mapping of A-TRAU’ frames to PCM time slots:

A-TRAU’’ frames shall be mapped octet aligned to PCM time slots. I.e. bit number 0 to 7 of each octet of an A-TRAU’ frame shall be mapped to bit number 0 to 7 of the PCM time slot.

11.4
Handover within Iu mode PLMNs

After a handover from an Iu mode MSC to a UTRAN Iu mode MSC the user plane between the anchor MSC or MGW and the visited MSC or MGW shall comply to:

-
the Iu UP protocol if both MSC are connected via an ATM interface;

-
the A-TRAU' protocol if both MSCs are connected via a TDM interface except for the transparent case FNUR = 32 kbit/s (ITC = UDI or RDI), FNUR = 56 kbit/s (ITC=RDI) and FNUR = 64 kbit/s (ITC=UDI). For these  exceptions a plain 64 kbit/s channel is used between the MSCs. The rate adaptation between 64 kbit/s and 32 kbit/s is based on ITU-T I.460 [2].

-
the Nb UP protocol if both MGWs are connected via an ATM interface or IP interface. The NbUP shall be configured in support mode, the data is transported in a 64 kbit/s bit stream, formatted in SDUs of 40 octets and transmitted every 5 ms, in accordance with Annex P of ITU-T I.366.2 [81]. PDU type 0 is used, i.e., payload CRC is applied. This is needed for the framing to be handled the same for all transports but the Frame Quality Classification control shall be ignored (3GUP property Delivery Of Erroneous SDUs = yes) and therefore interim nodes shall only pass on the CRC. The data is encoded between MSC-B/MGW-B (non-Anchor) and MSC-A/MGW-A (Anchor) as for the TDM case (A-TRAU’ protocol or plain 64kbits/s).

After a handover from an Iu mode MSC to a GERAN Iu mode MSC the user plane between the anchor MSC or MGW and the visited MSC or MGW shall comply to 

-
the Iu UP protocol if both MSC are connected via an ATM interface.

-
the A-TRAU’ and A-TRAU” protocol if both MSC are connected via a TDM interface except for the transparent cases FNUR = 32 kbit/s (ITC = UDI), FNUR = 56 kbit/s (ITC=RDI) and FNUR = 64 kbit/s (ITC=UDI). For these exceptions a plain 64 kbit/s channel is used between the MSCs. The rate adaptation between 64kbit/s and 32kbit/s is based on ITU-T I.460.
-
the Nb UP protocol if both MGWs are connected via an ATM interface or IP interface. The NbUP shall be configured in support mode, the data is transported in a 64 kbit/s bit stream, formatted in SDUs of 40 octets and transmitted every 5 ms, in accordance with Annex P of ITU-T I.366.2 [81]. PDU type 0 is used, i.e., payload CRC is applied. This is needed for the framing to be handled the same for all transports but the Frame Quality Classification control shall be ignored (3GUP property Delivery Of Erroneous SDUs = yes) and therefore interim nodes shall only pass on the CRC. The data is encoded between MSC-B/MGW-B (non-Anchor) and MSC-A/MGW-A (Anchor) as for the TDM case (A-TRAU’ protocol or plain 64kbits/s).
11.5
Handover for 56kbit/s

The FNUR = 56 kbit/s in transparent mode can be supported in A/Gb mode by two configurations:

1.
without IWF with the following channel codings

-
2*TCH/F32.0

-
5*TCH/F9.6

2.
with IWF with the following channel coding

-
4*TCH/F14.4

The FNUR = 56 kbit/s in transparent mode is supported in Iu mode by a configuration without IWF only. Therefore handover for 56kbit/s in transparent mode between Iu mode MSC and A/Gb mode can be supported only for configurations without IWF.

Note: Handover between configurations with and without IWF are also not supported within A/Gb mode.

11.6
Transport within the Core Network

The  Nb UP protocol is used to transport user data in the Core Network, see 3GPP TS 29.415 [80]. Figure 17 below shows different cases to consider:

1.
Transport on the access side of the IWF

2.
Transport beyond the IWF, i.e., between the IWF and the fixed network
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Figure 16: Transport of data within the Core Network

11.6.1
Transport on the access side of the IWF

This section is applicable in cases where the IWF is not interfacing an Iu UP layer protocol entity, with the exception of Inter-MSC Relocation – see 11.6.3.

11.6.1.1 Non-transparent case

The Nb UP is used in support mode. The same SDU sizes and transmission intervals that are used on the Iu interface are used over the Nb interface, see 3GPP TR 23.910 [53] and 3GPP TS 27.001 [43]. A Relay Function (see 3GPP TS 29.232 [82]) is used to relay the user data and control information (such as rate control) in MGWs between the MGW where the IWF is residing and the Iu interface. 

11.6.1.2 Transparent case

The Nb UP is used in transparent mode. The same SDU sizes and transmission intervals that are used on the Iu interface are used over the Nb interface, see 3GPP TR 23.910 [53] and 3GPP TS 27.001 [43]. The PDUs are passed unmodified through all MGWs between the MGW where the IWF is residing and the Iu interface. 

11.6.2
Transport beyond the IWF

11.6.2.1 UDI and RDI

The data is transported in a 64 kbit/s bit stream, formatted in SDUs of 40 octets and transmitted every 5 ms, in accordance with Annex P of  ITU-T I.366.2 [81]. PDU type 0 is used, i.e., payload CRC is applied. 

At the border between the CN and the fixed (ISDN) network, conversion between Nb UP and TDM shall be applied. In case of RDI interworking, the 56 kbit/s RDI bit stream is transmitted within the CN as 64 kbit/s bit stream where the last bit of each octet is ignored. For this reason the octet alignment shall be preserved in the SDUs transported in the CN.

11.6.2.2 Modem

The modem signals are PCM encoded and transported on a 64 kbit/s bit stream. The transmission is otherwise identical to the UDI/RDI case, see Section 11.6.2.1 

11.6.3 Transport between Anchor MGW and Non-Anchor MGW

The Nb UP is used in support mode; all interim Server nodes are assumed not to be aware of the relocation case – i.e. receive BICC IAM with same information as for connections beyond the IWF (clause 11.6.2). Figure 17 indicates the relevant connections, where MSC-A/MGW-A are the Anchor nodes and MSC-B/MGW-B are the Non-Anchor nodes.
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Figure 17: Bearer Independent connections for Inter-MSC SRNS Relocation

The IuUP shall be initialised on each Nb leg in a forward direction (regardless if Forward Bearer or Backward Bearer procedures are used), i.e. in the direction of the IAM. For further details see TS 23.205 [83].

11.6.3.1 Non-Transparent CSD

Table 14: Non-Transparent CSD MGW Termination Properties For Inter-MSC SRNS Relocation

	Termination

Packages/Parameters
	MSC-A
	MSC-B
	Intermediate Nodes

	
	T1
	T2
	T7
	T8
	T3, T4, T5, T6

	TMR
	-
	UDI
	UDI
	-
	UDI

	threegcsd:plmnbc
	PLMN_BC
	PLMN_BC
	-
	-
	-

	threegup:interface
	RAN
	CN
	CN
	RAN
	CN

	threegup:initdir
	IN
	OUT
	IN
	OUT
	IN

	threegup:mode
	support
	support
	support
	support
	support

	threegcsde:bitrate
	-
	-
	-
	BITRATE
	-


11.6.3.2 Transparent CSD

Table 15: Transparent CSD MGW Termination Properties For Inter-MSC SRNS Relocation

	Termination

Packages/Parameters
	MSC-A
	MSC-B
	Intermediate Nodes

	
	T1
	T2
	T7
	T8
	T3, T4, T5, T6

	TMR
	-
	UDI
	UDI
	-
	UDI

	threegcsd:plmnbc
	-
	-
	-
	-
	-

	threegup:interface
	RAN
	CN
	CN
	RAN
	CN

	threegup:mode
	transparent
	support
	support
	transparent
	support

	threegup:initdir
	-
	OUT
	IN
	-
	IN

	threegcsden:bitrate
	-
	- 
	-
	BITRATE

(note1 1)
	-

	Note 1: This is optional for the case when rate is 64kb/s then no rate adaptation is required
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