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4.2
Operational and Functional aspects

4.2.1
Iu UP protocol modes of operation

The Iu UP protocol operates in mode according to the concept described in earlier section.

Modes of operation of the protocol are defined:

1)
Transparent mode (TrM)

2)
Support mode for predefined SDU size (SMpSDU)

Determination of the Iu UP protocol instance mode of operation is a CN decision taken at RAB establishment based on e.g. the RAB characteristics. It is signalled in the Radio Network layer control plane at RAB asiggnment and relocation for each RAB. It is internally indicated to the Iu UP protocol layer at user plane establishment. 

The choice of a mode is bound to the nature of the associated RAB and cannot be changed unless the RAB is changed.

4.2.2
Transparent mode (TrM)

The transparent mode is intended for those RABs that do not require any particular feature from the Iu UP protocol other than transfer of user data.

The following figure illustrates the transparent mode of operation of the Iu UP protocol layer:
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Figure 2: Iu UP protocol layer in transparent occurrence over Iu interface

In this mode, the Iu UP protocol instance does not perform any Iu UP protocol information exchange with its peer over the Iu interface: no Iu frame is sent. The Iu UP protocol layer is crossed through by PDUs being exchnaged between upper layers and transport network layer.

For instance, the transfer of GTP-U PDUs could utilise the transparent mode of the Iu UP protocol.

4.2.3
Support mode

The support modes are intended for those RABs that do require particular features from the Iu UP protocol in addition to transfer of user data. When operating in a support mode, the peer Iu UP protocol instances exchange Iu UP frames whereas in transparent mode, no Iu UP frames are generated.

The following figure illustrates the functional model of the Iu UP protocol layer in support mode of operation:
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Figure 3: Iu UP protocol layer in support mode occurrence over Iu interface

Some RABs requesting Iu UP protocol support, constrain the Iu UP protocol and possibly the radio interface protocols in specific ways. For instance, certain RABs can have variable predefined rates while other RABs can have totally variable rates within a range, as signalled in the RNL control plane.

The Iu UP support and the usage of the radio interface protocols for these kinds of RABs differ significantly. Consequently, the Iu UP support mode is prepared to support variations.

The only suport mode defined here is the:

1)
Support mode for predefined SDU size (SMpSDU).

For instance, the transfer of AMR speech PDUs would utilise the support mode for predefined SDU size of the Iu UP protocol because it requires some procedure control functions and some data streams specific functions while the sizes of the user data being transferred can vary in a predefined manner.

The choice of a support mode is bound to the nature of the associated RAB and cannot be changed unless the RAB is changed.

6.4.3
Procedure Control functions

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

Namely, these procedures are:

-
Rate Control: is the procedure which controls over the Iu UP the set of permitted downlink rates among the rates that can be controled by UTRAN. The set of rates is represented by  RFCI indicators and (when applicable) downlink send intervals. The function controlling this procedure interacts with functions outside of the Iu UP protocol layer.

-
Initialisation: is the procedure which controls the exchange of initialisation information that is required for operation in support mode for predefined SDU size. Such information can contain the RFCI Set to be used until termination of the connection or until the next initialisation procedure.  

-
Time Alignment (FFS): is the procedure that controls the information exchanged over the Iu related to the sending time of Iu UP frames. The function controlling this procedure interacts with functions outside of the Iu UP protocol layer. 

-
Handling of Abnormal Event (TBD): 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 protocol layer.

6.5.4
Iu Downlink Rate Control procedure

6.5.4.1
Successful operation

The purpose of the rate control procedure is to signal in the uplink direction to the peer Iu UP protocol layer the permitted rate(s) over Iu in the downlink direction. 

The rate control procedure over Iu UP is controlled by the entity controlling the rate control over UTRAN i.e. SRNC.

The Iu downlink rate control procedure is invoked whenever the SRNC decides that the set of downlink permitted rates over Iu shall be modified. This set can be made of only one permitted rate among the rates that are permitted for rate control or several rates among the rates that can be rate controlled by the SRNC.

The rates that can be controlled by the SRNC are indicated to the Iu UP at establishment in addition to the rates that cannot be controlled by the RNC e.g. such as DTX rates for certain RABs.

The procedure can be signalled at any time when transfer of user data is not suspended by another control procedure.

The Procedure control function upon request of upper layer prepares the Rate control frame payload containing  the downlink permitted rates. The permitted rate is given as RFCI indicators and (when applicable) the downlink send intervals.
The frame handler function calculates the frame CRC, formats the frame header into the appropriate PDU Type and sends the Iu UP frame PDU to the lower layers for trasnfer across the Iu interface.

Upon reception of a rate control frame, the Iu UP protocol layer checks the consistency of the Iu UP frame as follows:

-
The Frame handler checks the consistency of the frame header and associated CRC. If correct, the frame handler passes procedure control part to the procedure control functions.

-
The procedure control functions check that the new downlink permitted rate(s) are consistent with the RFCI set received at initialisation. They also verify that non-rate controllable rates are still permitted. If the whole rate control information is correct, the procedure control functions passes the rate control information to the NAS Data Streams specific functions.

-
The NAS data streams specific functions forward to the rate control information in a Iu-UP-Status indication primitive.
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Figure 10: Successful Rate Control

6.5.4.2
Unsuccessful operation

If the Iu UP in the SRNC detects that the rate control command has not been correctly interpreted or received (e.g. the downlink rate is outside the set of permitted downlink rate), the Iu UP shall retrigger a rate control procedure. If after “m” repetitions, the error situation persists, the Iu UP informs the upper layers with an Iu-UP-Status-Indication indicating Abnormal event.

If the Iu UP protocol layer receives a rate control frame that is badly formatted or corrupted, it shall ignore the rate control frame.
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Figure 11: Unsuccessful Transfers of rate control: 1) Frame loss 2) Corrupted Frame

6.6.1.3.4
Procedures Coding

6.6.1.3.4.1
Initialization

The figure below specifies how the initialization procedure is coded.

Bits


Number of Octets

7
6
5
4
3
2
1
0


PDU Type (=15)
Ack/Nack
PDU Type 15 Frame Number
1
Frame Control Part

Spare
Procedure Indicator (=0)
1


PDU type 15 payload CRC
PDU type15 header CRC
2
Frame Checksum part

PDU type15 payload CRC



Spare
Number of subflows (N)
Chain ind
1
Frame payload part

Spare
LI
1st RFCI
1


Data of length of subflow 1 for RFCI
1 or 2 (dep. LI)


Data of length of subflow 2 to N for RFCI
(N-1)x(1 or 2)


Spare
LI
2nd RFCI
1


Data of length of subflow 1 for RFCI
1 or 2 (dep. LI)


Data of length of subflow 2 to N for RFCI
(N-1)x(1 or 2)


…



Figure 18: Iu UP PDU Type 15 used for Initialization
6.6.1.3.4.2
Rate Control

The Figure below specifies how the rate control procedure is coded when the rate control uses only RFCI indicators.
Bits


Number of Octets

7
6
5
4
3
2
1
0


PDU Type (=14)
Ack/Nack (=0, i.e. Procedure)
PDU Type 14 Frame Number
1
Frame Control Part

Spare
Procedure Indicator (=1)
1


Header CRC
Payload CRC
1
Frame Checksum Part

Payload CRC
1


Spare
Rate control type (=0)
Number of RFCIs (N)
1
Frame payload part

RFCI 0 Ind.
RFCI 1 Ind
…
RFCI N-1 Ind

0–N/8


Figure 19: Iu UP PDU Type 14 Format used for Rate Control
The Figure below specifies how the rate control procedure is coded when both RFCI indicators and Downlink send intervals are used.

















































Bits


Number of Octets

7
6
5
4
3
2
1
0


PDU Type (=14)
Ack/Nack (=0)
PDU Type 14 Frame Number
1
Frame Control Part

Spare
Procedure Indicator (=1)
1


Header CRC
Payload CRC
1
Frame Checksum Part

Payload CRC
1


Spare
Rate Contr. Type (=1)
Number of RFCI Indicators (N)
1
Frame payload part

RFCI 0 Ind.
Downlink send interval (for RFCI 0)
RFCI 1 Ind.
Downlink send interval (for RFCI 1)
0–N/2


…
…
RFCI N-2 Ind
Downlink send interval (for RFCI N-2)



 RFCI N-1 Ind.
Downlink send interval (for RFCI N-1)




Figure 19: Iu UP PDU Type 14 Format used for Rate Control
6.6.2.15
Number of RFCI Indicators
Number of RFCI Indicators indicates the number of RFCI Indicators present in the control procedure frame.

Number of RFCI Indicators can range from 0 to 63.





6.6.2.17
Frame Quality Classification (FQC)

Frame Quality Classification is used to classify the Iu UP frames depending on whether errors have occurred in the frame or not. Frame Quality Classification is dependent on the RAB attribute ‘Delivery of erroneous SDUs’.

The meaning of the FQC field is specified below:

FQC Value
Definition

0
Frame good

1
Frame bad

2
Spare

3
Spare

6.6.2.18
Cause Indicator

Cause field is used to indicate the reason for the control procedure execution.

The meaning of the Cause Indicator is given in the table below.

Value
Definition

0
Reserved

1
Frame Format Error

2-15
Spare

16
Unknown field

17-31
Spare

32-255
Spare

6.6.2.19

Rate Control Type

Description: Specifies the type of Rate control the current frame relates to. There are two types of Rate control:

· Rate control for fixed periodicity services. Only RFCI indicators present.
· Rate control for services with varying periodicity. RFCI indicators and Downlink send interval present. 
Value range: {0=Rate control using only RFCI indicators, 1=Rate control including both RFCI indicators and Downlink send interval}

Field length: 1 bit
6.6.2.20

RFCI n Indicator

Description: RFCI n Indicator points to an RFCI number e.g. RFCI 0 Indicator points to RFCI 0, RFCI 1 Indicator points to RFCI 1.

Value range: {0=RFCI allowed, 1=RFCI barred}

Field length: 1 bit
6.6.2.21

Downlink send interval

Description: Specifies the Interval the downlink frames should be sent.

Value range: {0=10ms, 1=20ms, 2=40ms, 3–7= Spare}

Field length: 3 bit

6.6.3
Timers

T INIT

This Timer is used to supervise the reception of the initialisation acknowledgement frame from the peer Iu UP instance. This Timer is set by O&M.

6.7
Handling of unknown, unforeseen and erroneous protocol data

TBD.

7
Communication Primitives for the Iu UP protocol layer

7.1
Modelling Principle

The principle illustrated by the figure below is used for modelling the primitives towards the protocol layer:


[image: image8.wmf]REQUEST

INDICATION

Protocol Layer


7.2
Primitives towards the upper layers at the RNL SAP

7.2.1
General

The Iu UP protocol layer interacts with upper layers as illustrated in the figure above. The interactions with the upper layers are shown in terms of primitives where the primitives represent the logical exchange of information and control between the upper layer and the Iu UP protocol layer. They do not specify or constraint implementations.

The following primitives are defined:

-
Iu-UP-DATA

-
Iu-UP-STATUS

-
Iu-UP-UNIT-DATA

Table 1: Iu UP protocol layer service primitives towards the upper layer at the RNL SAP

Primitive
Type
Parameters
Comments

Iu-UP-DATA
Request
Iu-UP-payload




Iu-UP-control
RFCI


Indication
Iu-UP-payload




Iu-UP-control
RFCI




FQC

Iu-UP-Status
Indication
Iu-UP-Procedure-Control
Abnormal Event (TBD)




Initialisation




RFCI indicators,

Downlink send intervals (when applicable)




Time Alignment (FFS Note 1)


Request
Iu-UP-Procedure-Control
Abnormal Event




RFCI indicators,
Downlink send intervals (when applicable)


Iu-UP-UNIT-DATA
Request
Iu-UP-payload



Indication
Iu-UP-payload


Primitive usage is function of the mode of operation of the Iu UP protocol. The following table provides the association between Iu UP primitives towards the upper layers and the Iu UP mode of operation:

Table 2: Iu UP protocol layer service primitives related to the Iu UP mode of operation and function within the mode of operation

Primitive
Type
Mode of Operation

Iu-UP-DATA
Request
SMpSDU


Indication
SMpSDU

Iu-UP-Status
Request
SMpSDU


Indication
SMpSDU

Iu-UP-UNIT-DATA
Request
TrM


Indication
TrM

7.2.2
Iu-UP-DATA-REQUEST

This primitive is used as a request from the upper layer Iu NAS Data Stream entity to send a RAB SDU on the established transport connection. This primitive also includes the RFCI of the payload information included in the primitive.

The Iu UP Frame protocol layer forms the Iu UP data frame, the Iu Data Stream DU being the payload of the Iu UP frame, and transfers the frame by means of the lower layer services.

7.2.3
Iu-UP-DATA-INDICATION

This primitive is used as an indication to the upper layer entity to pass the Iu NAS Data Stream User Plane information of a received Iu UP frame.

This primitive also includes the RFCI of the payload information included in the primitive.

At the RNL-SAP, this primitive may include an Frame Quality Classification indication.

This primitive may also include information aiming at informing the upper layers of a faulty situation that relates to the payload included in the primitive.

NOTE 1:
Time Alignment is FFS.

7.2.4
Iu-UP-STATUS-REQUEST

This primitive is used to pass down to the Iu UP, the rate control information necessary for changing the permitted downlink rate(s) over Iu. The rate control information consists of RFCIindicators and (when applicable) downlink send intervals.

7.2.5
Iu-UP-STATUS-INDICATION

This primitive is used to report to the upper layer entity that a fault has been detected. The information concerning that fault is characterised by the Abnormal event information passed to the upper layer.

This primitive is also used in the context of the initialisation control procedure to pass to the upper Iu DS layer e.g. the RFC set and the associated RFCIs to be used in the communication phase.

This primitive is used to indicate to the upper layers the set of permitted rate(s) in the downlink direction over Iu. The set of permitted rate(s) is represented by RFCI indicators and (when applicable) downlink send intervals.

This primitive is also used to indicate when a frame has been dropped as a result of frame quality classification handling.

7.2.6
Iu-UP-UNIT-DATA-REQUEST

This primitive is used as a request from the upper layer to send an Iu UP payloadon the established transport connection.

The Iu UP protocol layer transfers the Iu Data Stream DU by means of the lower layer services without adding any protocol header overhead.

7.2.7
Iu-UP-UNIT-DATA-INDICATION

This primitive is used as an indication to the upper layer entity to pass the Iu UP payload.
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