TSG-RAN Working Group 3 meeting #3
TSGW3#3 99-281
Kawasaki, Japan 26th - 30th  April 1999




(Resubmission of TSGW3#2 99-194)

Agenda Item:
11.1

Source: 
Ericsson

Title: 
Iu User Plane protocol towards the PSTN/ISDN Domain
Document for:


1. Introduction

The purpose of this contribution is to propose an introduction to the Iu User plane protocol towards the PSTN/ISDN domain (referenced as Iu UP CS in this contribution). This covers the protocol architecture, the main functions of the protocol for the Transcoded speech RAB, the Iu UP Frame format and associated information elements and coding..

The protocol that should be part of [2] is intended to cover user plane towards the PSTN/ISDN domain but also towards the IP domain.

Only the aspects related to the user plane towards the PSTN/ISDN domain are addressed with focus on the RAB for coded speech are proposed in this contribution. Other aspects of the protocol such as Data and IP domain aspects are not in the scope of this contribution.

This proposal is based on the working assumption that the transcoder is situated in the NAS-part of the CN. More precisely, the protocol assumes that the source coding function (speech coding here) is outside the Access Stratum while the channel coding and other radio related function are confined within the Access Stratum.. 

A general objective of this protocol is to offer a flexible mechanism to transport block of data to/from the NAS over the Iu UP CS interface. Those blocks of data (speech or data) are referred to as Iu UP CS Data Streams. As for the UTRAN L1/L2 interactions modelling, the protocol is articulated around the concept of transport format that comprises provisions for block size and other essential attributes, eventually bit classes for FEC usage. With this approach, only transport formats are visible for a given RAB service. Therefore in the case of a speech RAB, the type of transcoders being used remain transparent to the Access Stratum.

The protocol also offers functions to control a number of procedures ranging from time alignment to RAB format selection and handling of abnormal events. The actual detail of every elementary procedure will be given in separate contributions. Another major objective of the protocol is to bear enough flexibility so that it can incorporate new procedures, offer service for new RABs without compromising the functional split between Non Access Stratum and Access Stratum.

As proposed in this document, the protocol is symmetrical so that it will facilitate in the long term, not only tandem free operation, but also transcoder free operation for mobile to mobile calls.

2. Background

The need from the transcoder has to be matched with the mechanisms available in the radio interface to transfer the transcoded speech.

In general, the data stream produced from the transcoder has the following characteristics:

- Data is delivered periodically (e.g. every 20 ms)

- In each interval, a variable size data block is delivered. The size (number of bits) can be selected from a set of predefined sizes. The predefined sizes could e.g. correspond to the bit rate of the active modes of the transcoder, and for DTX the size is zero.

In the radio interface, the need from the transcoder is matched very well by the characteristics of the Dedicated transport channel (DCH) offered by L1. Thus, the RLC will operate in transparent mode and the MAC will always use the DCH. The characteristics of a DCH are described in UMTS S2.02.  The Transmission Time Interval corresponds to the delivery interval of the transcoder. The Transport Format Set defined for the DCH corresponds to the set of predefined data block sizes generated by the transcoder (called here Iu Data Stream block).

Since the L1 includes mechanisms to transfer the used transport format to the receiver, this can be used to implicitly detect the current codec mode. Alternatively, a codec mode indication may additionally be included inband (not detected by UTRAN).

Additional parameters may of course be needed for this type of RAB, e.g. maximum delay (to select interleaving depth in L1).

For congestion control, there should be a possibility for UTRAN to control the maximum allowed bit rate at each time instance. Since the RAB is defined with a set of RAB formats, rather than explicit codec modes, it should be possible to limit the bit rate by indicating the maximum Iu Data Stream block size allowed. This would then implicitly lead to a codec mode switch in the transcoder if needed. 

Unequal Error Protection is an issue that needs further study, not depending on transcoder location, but rather with regards to the services offered by L1. Three alternatives could be seen:

1. Service specific coding. Mentioned in L1 documentation, but not described

2. UEP is performed at the coding source (CODEC) and no additional forward error correction is specifically needed

3. General solution, where the definition of a transport format includes a number of bits for each protection class (e.g. 1/3, 1/2, 1/1 coding).

RAB parameters

The RAB used for transcoded speech should be based on the parameters conceptually similar to those describing the DCH (transmission time interval, transport format set): RAB Format, SDU periodicity, RAB Format Set.

A starting point for RAB parameters for Transcoded Speech could be:

- SDU Periodicity (10, 20, 40, 80 ms)

- SDU sizes

- Forward Error Correction classes and associated number of bits

- Peak Bit Rate

- Average Bit Rate

- Time Alignment Y/N

- Source Traffic Descriptor: Speech or Data

Other parameters could also be included.

Signalling aspects

The following illustrates one scenario of establishment signalling sequence for the Radio Network Control Plane, Transport Network Control Plane and Iu User Plane CS. It also indicates the mapping functions that need to be invoked in order to set up the RAB for transcoded speech. 
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Figure 1: RAB establishment signalling sequence over 

Iu for

Speech Service

 CN and UE negotiates Speech Service on the NAS messages such as SETUP/Call Proceeding/Call Confirmed. CN also generates RAB QoS parameters associated to the Speech Service.
Parameters: UE Supported Codecs, CN allowed Codec modes, Initial Codec Mode (?) 

2. CN initiates establishment of the radio access bearer for Transcoded Speech with RANAP message RANAP RAB Assignment Request.  RNC maps the RAB QoS parameters onto the AAL2 link Characteristics (ALC) and generates the RAB Format Set for the associated Iu UP CS protocol entity.
Parameters: RAB QoS parameters.

3. SRNC initiates set-up of Iu Data Transport bearer using ALCAP protocol: qaal2 Establish Request. This request contains the link characteristics of the AAL2 connection. 

Parameters: ALC parameter 

4. CN acknowledges the Iu Data Transport establishment using the qaal2 Establish Confirm.
5. SRNC sends RANAP message RAB Assignment Complete to CN.
6. SRNC initialises the Iu UP CS protocol peer entity in CN. It passes the RAB Format Set and the initial RAB Format in Iu UP Control Frame. 
Parameters: RAB Format Set, Initial RAB Format.

Speech payload is exchanged between the CN and the SRNS in Iu UP Speech Frame and between the SRNS and the UE. Over Iu, the Iu UP CS frames may contain both payload and procedure control information.

3. Discussion

3.1.
Architecture

From an architectural perspective, the Iu UP CS protocol is present in the Iu User plane towards the PSTN/ISDN domain at the interface access points.  The following figure illustrates  the logical placement of the Iu UP CS protocol layer and the placement of the source coding function outside of the Access Stratum. The two strata communicate through a Service Access Point for Transcoded Speech.
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Figure 2: Iu UP CS protocol layer and Source Coding function placement 

3.2
Interfaces of the Iu CS UP protocol layer

As part of the Access Stratum responsibility, the Iu UP CS protocol layer provides the services and functions that are necessary to offer the transcoded speech and data radio access bearers. The Iu User Plane (UP) CS protocol layer is providing these services to the User Plane upper layers in the PSTN/ISDN CN domain through a Dedicated Sevice Access Point used for Information Transfer as specified in [3].

The Iu CS User Plane (UP) CS protocol layer is using services of the Transport layers in order to transfer information payload from the User Plane upper layers and also protocol information for control of the Iu UP CS procedures.  
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Figure 3: Iu UP CS Protocol Architecture

3.3
Functions of the Iu UP CS protocol layer

The Iu UP CS protocol layer is made of a number of functions such as Procedure Control functions, Frame Handler function and RAB specific functions (speech or data).

Frame Handler function: This function is responsible for framing and de-framing the different parts of an Iu UP CS protocol frame. This function takes the different part of the Iu UP CS protocol frame and set the control part field to the correct values. It also ensures that the frame control part is semantically correct. This function is also responsible for interacting with the Transport layers. This function is also responsible for the CRC check of the Iu UP frame header. 

Procedure Control functions: This set of functions offers the control of a number of procedures handled at the Iu UP CS protocol level. These functions are responsible for the procedure control part of the Iu UP frames.

Namely, these procedures are:

· RAB Format selection: is the procedure which controls over Iu UP CS the maximum rate among the RAB Formats negotiated for the established RAB service. The function controlling this procedure interacts with functions outside of the Iu UP CS protocol layer.

· Initialisation: is the procedure which controls the exchange of initialisation information that may be required for certain RAB such as Speech. Such information can contain the RAB Format Set to be used until termination of the connection or until the next initialisation procedure.  

· Time Alignment: is the procedure that controls the information exchanged over the Iu related to the sending time of transport blocks. The function controlling this procedure interacts with functions outside of the Iu UP CS protocol layer. 

· Handling of Abnormal Event: is the procedure that controls the information exchanged over the Iu related to detection of a fault situation. The function controlling this procedure interacts with functions outside of the Iu UP CS protocol layer.

Speech RAB specific function(s): These functions are responsible for a “limited” manipulation” of the payload and the consistency check of the frame number. If a frame loss is detected due a gap in the sequence of the received frame numbers, this shall be reported to the procedure control function. These functions are responsible for the CRC check and calculation of the Iu UP frame payload part.

These functions interact with the upper layers through a SAP by exchanging Iu data stream blocks of Iu UP frame payload.

These functions interact with the procedure control function for handling the RAB format selection procedure data (RFN, Iu Data Stream Block size, etc..).

These functions may provide service access to the upper layers for the procedure control functions.
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Figure 4: Functional model of the Iu UP CS protocol layer for transcoded speech RAB 

4. Elements of the Iu UP CS communication

This sub-clause describes the information passed at the CS-TL SAP by the Iu UP CS protocol layer to the transport layers.

Note of the editor: This sub-clause contains a proposal that must be seen as a starting point. It is not bit optimized and the functionality associated to certain fields needs further work. Bits and bytes organisation hereafter is indicative only of a possible layout of the frame. At this point it shall be considered informative only.

1.1 Iu UP Frame Format and Content definition

The following shows the Iu frame structure of the Iu UP CS protocol at the SAP towards the transport layers:

Bits


7
6
5
4
3
2
1
0


Frame Type
Frame Number
M
1
Bytes
Frame Control Part

PME
Procedure Control Bitmap
M
2

Frame Procedure Control Part

PCE
RAB Format Selection Control Field
O
3



PCE
Time Alignment Control Field
O
4



PCE
Abnormal Event Control Field
O
5



PCE
Initialisation Control Field
O
6



Frame Payload Check Sum
Frame Header Check Sum
M
7

Frame Check Sum Part

Payload Fields
C
8-n

Payload part

C: Conditional

M: Mandatory

O: Optional

The Iu UP protocol frames are made of four parts:

1) Iu UP Control part

2) Iu UP Frame Procedure Control part

3) Iu UP Frame Check Sum

4) Iu UP Payload part

The Iu UP Frame Control Part, the Iu UP Frame Procedure Control Part and the Iu UP Frame Check Sum constitute the Iu UP Frame Header.

The Iu UP Frame Control part is mandatory and shall always be sent when an Iu UP frame is sent.

The Iu UP Procedure Control part is mandatory. At the minimum, it can be limited to the Procedure Control map only with all bits indicating no procedure is being activated.

The Iu UP Frame Header Check Sum is mandatory. The Iu Frame Payload Check Sum is conditional to the presence of a payload field. When not present, the Frame Payload Check Sum is turned to spare.

The Iu UP Payload is conditional. When a data stream is received from the upper layer, it is mandatory to send it in the payload of the earliest Iu UP frame possible.

The Iu UP frames described in this specification shall be transmitted starting with octet 1.

The most significant bit of an octet in Iu UP frame is bit 7.

The maximum number of bytes n is depending on the underlying transport layer.

Spare bits take the binary value “0”.

1.2 Iu UP Frame Control part

This part contains the information necessary to perform the control of the Iu UP frames exchange over the Iu.

1.2.1 Frame Number

The Iu UP frame numbering is handled by a Frame Number. The purpose of the Frame Number is to provide the receiving entity with a mechanism to keep track of lost Iu UP speech or data frames.

For a given user data connection, there is no relations between the frame numbers of frames sent in the downlink direction and the frame numbers of frames sent in the uplink direction.

Speech/Data frame numbers range from 1 to 15, while control frames have always a frame number value of 0.

1.2.2 Frame Type

The Frame type indicates whether the Iu UP frame contains control only information or also Iu user data information: speech or data.

Control frames are intended for the procedure control of abnormal event and for RAB specific procedures such as the initialisation procedure. The sending of payload in control frames is FFS.

1.3 Iu UP Frame Procedure Control part

The part contains the protocol information necessary for Iu UP Frame procedures control:

· RAB Format Selection

· Time Alignment Control

· Abnormal Event

· Initialisation

1.3.1 Procedure Control bitmap

This is a bitmap field indicating what procedure control fields follow in the Iu Frame Procedure Control Part. When a bit is set to 1 then a corresponding Procedure Control field will follow, if the bit is set to zero then no corresponding procedure control field will sequentially appear in the Frame Control Procedure part of the Iu UP protocol frame.

If there are several bits active in Procedure Map, then the parameters sequentially follow the order given by the bits, starting from the least significant bit.

The procedure control bitmap is always present.

1.3.2 Procedure Control fields

There can be zero or more Procedure Control fields in the Procedure Control Part. How the Procedure Control fields are to be translated is specified in the Procedure Control Bitmap.
Any procedure control field can be extended by a PCE flag. The purpose of the PCE bit is to allow for future extension within control procedures over the Iu.
The appearance of the procedure control data in this part is controlled as follows:

1. The corresponding bit in the procedure control bitmap is set to active

2. The Procedure Control extension bit of the last data octet of the Procedure Control preceding in the order of appearance is set to “not extended”.

1.3.3 Iu UP Frame Header Check Sum

This field contains the check sum of all fields in Frame Header, except the Frame Check Sum part.

1.3.4 Iu UP Frame Payload Check Sum

This field contains the check sum of all fields in the Frame Payload.

1.3.5 Iu UP Payload part

Payload varies according to Frame Type: speech, data.

In the case of control frames, no payload is included after the Iu UP Frame Control Procedure part.

1.4 Frame coding

1.4.1 Frame Number

Value
Definition

0-15
Frame number

1.4.2 Frame Type

Value
Definition

0
Speech

1
Data

2
Control

3-15
Reserved

1.4.3 Frame Procedure Control bitmap

Bit
Definition

0
RAB Format Selection (RFS)

1
Time Alignment Control (TA)

2
Abnormal Event (AE)

3
Initialisation

4-6
Reserved

A bit value of “0” indicates that the corresponding Frame Procedure control is not active in the sending entity and that no associated procedure control field is present in the Frame Procedure Control part.

A bit value of “1” indicates that the corresponding Frame Procedure control is active in the sending entity and that associated procedure control field shall be present in the Frame Procedure Control part.

1.4.4 Frame Procedure control bitMap Extension bit (PME)

Value
Definition

0
Not extended

1
Extended

When the Frame procedure Control bitmap is extended, it is extended by one bitmap byte having a PME most significant bit. The coding of the rest of the extended bitmap is reserved for future use.

1.4.5 Frame Procedure Control Extension bit (PCE)

Value
Definition

0
Not extended

1
Extended

When a Frame procedure Control field is extended, it is extended by a byte having a PCE as most significant bit. The coding of the rest of the extended byte is reserved for future use.

1.4.6 Time Alignment procedure control field

Value
Definition

0
No change

1
Delay by one TA time step

2
Delay by two TA time steps

…


n
Delay by n TA time steps

…


127
Advance by one TA time step

Note: These values are informative only and the granularity of the time alignment is TBD (e.g. 125 (s).

1.4.7 RAB Format Selection procedure control field

Bit
Definition

6
RAB Format Indication/Request (RFIR)

0-5
RAB Format Number field

Note: Through the PCE extension bit, it is possible to extend the RAB Format Selection control field to indicate a RFN request for upcoming DL frames and indicate the current RFN being used for the received frame.

1.4.8 RAB Format Indication/Request bit (RFIR)

Value
Definition

0
RAB Format Indication

1
RAB Format Request

A bit value of “0” indicates that the RAB Format Number field belonging to the same RAB Format Selection procedure control field as the RFIR bit, indicates the RAB Format Number being used in the current frame by the sending entity.

A bit value of “1” indicates that the RAB Format Number field belonging to the same RAB Format Selection procedure control field as the RFIR bit, contains a request for a different RAB Format Number than the one being used by the sending entity. The RFN requested corresponds to the highest transport block size permitted within the Set of usable RAB Formats.

1.4.9 RAB Format Number field (RFN)

Note of the editor: This sub-clause needs to be aligned with the work on Speech Coding, Channel coding and RAB definition carried out by other 3GPP groups. It is submitted only for informative purposes. 

Value
Definition
Iu Data Stream Block Size (Bits)
UEP
RAB




Bits/
Class
Coding


0
RAB Format 0
No data
-
-
Speech/Data

1
RAB Format 1
248
124 (1)
124 (2)
GC
Speech

2
RAB Format 2
208
104 (1)
104 (2)
GC
Speech

3
RAB Format 3
163
114 (1)

49 (2)
GC
Speech

4
RAB Format 4
152
76 (1)

76 (2)
GC
Speech

5
RAB Format 5
138
69 (1)
69 (2)
GC
Speech

6
RAB Format 6
122
61 (1)
61 (2)
GC
Speech

7
RAB Format 7
107
65 (1)
42 (2)
GC
Speech

8
RAB Format 8
99
59 (1)
40 (2)
GC
Speech

9-15
Reserved for Speech
-
-
-
-

16
RAB Format 16
35


Speech

16-31
Reserved for Speech
-
-
-
-

32
RAB Format 32

N/A

Data

33-63
Reserved for Data
-
-
-
-

Note: Determination of the number of bits depends on the actual defintion of the RAB for Transcoded Speech and the RAB for CS data.

Note: The specification of UEP is FFS. Among the  alternatives that could be investigated, some are given:

1. The UEP is performed by the Codec: slight overhead but remains transparent to the Radio Network

2. The UEP is performed by the Node B channel coder using the Service Specific (SS) Channel Coding

3. The UEP is performed using a generic channel coder (GC) with generic classes. The number of bits for each class of protection are part of the TFN attributes (as shown in this example).

1.4.10 Initialisation control field

Bit
Definition

6
RAB Format Request (RFIR)

0-5
RAB Format Number field

The Initialisation control field can be extended through the PCE bit. All RAB Format Numbers signalled will implicitly constitute the RAB Format Set. The first RAB format to appear is the Initial RAB format (i.e. the RAB Format to be used following the initialisation procedure).

Use of the Initialisation Control field to signal whether DTX operation is allowed is FFS.

1.4.11 Abnormal Event Control field

Value
Definition

0
No traffic received

1
Invalid frame sequence

2
Too frequent frame loss

3
Fatal Time misalignment

4-15
Reserved

16
Invalid Frame Format

17
Bad Frame

17-127
Reserved

5. Proposal

It is proposed that: 

· Iu UP CS protocol described in section 4 is included in an Annex of [2] as a basis for further work

· the Architecture description of section 3.1 is included in section 5.1.1 of [2]

· the interfaces of the Iu UP CS protocol layer of section 3.2 is included in section 5.1.2 of [2]

· the functions and the functional model described of section 3.3 be included in [2], section 5.4.

It is also proposed to liase 3GPP SA/WG2 regarding the principles suggested in the Background section of this contribution for definition of a RAB for Transcoded Speech.
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Figure 1: RAB establishment signalling sequence over Iu for Speech Service
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