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1 Introduction

In the current 25.415 specification the evolution of Iu user plane (UP) protocol is not defined. This contribution addresses the question how Iu user plane (UP) protocol should be evolved within release 99 and after release 99. 

2 Discussion

2.1 General

In order to enable smooth protocol evolution in terms of not requiring a new version of the protocol it is important to take into account the following, e.g. when a new feature is added:

· backward and forward compatibility of the new feature

· how a receiver reacts when it does not understand the new feature 

This contribution addresses the following issues regarding the Iu UP protocol evolution:

· adding a new value in an existing field

· adding a new field in an existing frame 

· adding a new PDU type

· protocol version handling

2.2 New value for a field

2.2.1 Description

Fields in the Iu UP protocol have a specified value range. Some values of a field have been assigned a specific meaning while other values can be reserved for future use or marked as spare values. When a UP protocol entity receives an unknown field value, it can react differently depending whether the unknown value is reserved for future use or if it is a spare value. The following principles are proposed for receiver reactions :

· If a spare value is used by the sender, but not understood by the receiver, there should be a default action for the receiver. This default action should be defined on a field basis

· If a value that is reserved for future use is used by the sender, but not understood by the receiver, the value should be rejected by the receiver. This should be done by sending a Negative Acknowledgement to the peer entity, if possible. Otherwise an Abnormal Event should be generated in order to inform the upper layers and the peer entity

· A received Abnormal Event message shall not trigger another Abnormal Event message back to the sender, even though e.g. the Cause value in the received Abnormal Event message would not be understood 

In the following the recommended actions of the receiver are handled field by field when an unknown value is received

PDU Type 

Value range: {0-1 in use, 2-13 reserved for future use, 14 in use, 15 reserved for future use}

Proposed action if reserved values used: Generate Abnormal Event, i.e. the upper layers and the peer entity are informed about the abnormal event with Cause : Unknown PDU Type

FQC 

Value range: {0-1 in use, 2-3 spare}

Proposed action if spare values used: Ignore the field and pass it onwards

ACK/NACK 

Value range: {0-2 in use, 3 reserved}

Proposed action if reserved values used: Generate an Abnormal Event, i.e. the upper layers and the peer entity are informed about the abnormal event with Cause : Unknown reserved value

Procedure Indicator 

Value range: {0-3 in use, 4-15 reserved} Proposed action if reserved values used: Generate an Abnormal Event, i.e. the upper layers and the peer entity are informed about the abnormal event with Cause : Unknown procedure 

Cause Indicator 

Value range: {0 reserved, 1, 16 in use, 2-15 and 17-255 spare} 

Proposed action if reserved values used: Generate Abnormal Event, i.e. the upper layers and the peer entity are informed about the abnormal event with Cause : Unknown reserved value

Proposed action if spare values used: Ignore the field and pass it onwards

2.3 New field in an existing frame

2.3.1 GeneraI

In the future, the Iu UP protocol may evolve so that there is a need to add a new field into an existing frame . This new field should be included into an existing frame in a compatible way, whenever possible.

2.3.2 New field in the header

A new field cannot be added to the header part of an existing frame since the PDU type defines the header mask and hence a new field in the header would require a new PDU type.

2.3.3 New field in the payload 

When a new field is added to the payload part of a control frame, the presence of the new field needs to be indicated to the receiver. There are several ways to do the indication.

The most straightforward way would be to simply not indicate the presence of the new field in the header. Instead, it would be left for the receiver to detect the new field in the payload part and possibly ignore it, if it is not understood.

This alternative would not work in a compatible way. The reason for this is that an older implementation would not detect the presence of the new field and would not find its place, since we have not specified any field indicators for the fields in the payload. Hence the whole frame might be interpreted incorrectly.

Another way could be to use the spare bits of the header as an indicator of the new field in the payload. 

This alternative would not work either. The first reason is that the spare bits of the header cannot be taken into use, since this would be a violation of the header mask. The second reason is that an older implementation does not check the spare fields and hence it does not know the presence of the new field and the whole frame might be interpreted incorrectly. And, even though an older implementation would check the spare bits, the place of the new field could not be found due to lack of field indicators, and hence the frame might be interpreted incorrectly.

However, a spare field, i.e. a field in the payload that consists of spare bits, could be used to carry a new field in the payload. This field would not be evaluated by an older implementation, so there would be no risk of misinterpreting the field. 

The conclusion of this is that a new field cannot be added in a compatible way to a payload part of an existing control frame, but a spare field can be replaced by a new field in the payload part.

Instead, a principle could be introduced that the Procedure Indicator defines the fields that should be in a control frame. If a new field needs to be introduced to a procedure, a new Procedure Indicator value should be allocated and hence a new procedure should be created, unless the new feature can introduced by replacing a spare field with the new field. Therefore, there should be only one Procedure Indicator for each procedure. 

To be able to introduce more new procedures in the future, the Procedure Indicator field could be increased by the expense of the four spare bits in the PDU type 14 header. This can be done, since the spare bits of the header cannot be taken into use to evolve the protocol after release 99 is completed, as was described above, and also since no other use is foreseen for the spare bits before release 99 is completed.

To enable simple protocol evolution, if we need to introduce a new field in an existing procedure (i.e. existing procedure that is defined in an existing UP version), we need to create a new procedure. However, a spare field in the payload part can be replaced by a new field without creating a new procedure.

Also to enable simple protocol evolution, when a new Procedure Indicator would be introduced, the new frame would include both the new fields and the fields of the old frame. 
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Figure: The new frame includes both the old and new fields

When an older implementation would receive an unknown Procedure Indicator it should response with an Abnormal Event message with Cause : Unknown procedure. This may indicate to the sender that the procedure was not understood and it may try with an older procedure. 

2.4 New PDU type

In the future, the Iu UP protocol may evolve so that there is a need to add a new PDU type. The criteria for introducing a new PDU type could be e.g.:

· The Procedure Indicators may run out and there is a need to have more

· There is a need to change the header mask, e.g. the Frame Number field may need to be increased or the CRC field needs to be modified

The actions of the receiver when it receives an unknown PDU type value were defined earlier in chapter 2.2.1.

While the PDU type 15 is reserved for future PDU type extensions, there may be ‘subtypes’ under PDU type 15 in the future and there also may be new procedures in these ‘subtypes’.

Thus it has to be made sure that if the same Procedure Indicator value is used under several PDU types, it should be made clear in the Abnormal Event cause element, which PDU type it concerns.

2.5 Protocol version handling

2.5.1 Description

Currently there is no version number defined for the Iu UP protocol. In the future, new versions of the Iu UP protocol may be needed. A reason for a new version of the protocol could be, e.g. 

· The earlier introduced new features or functions are required to be mandatory in the new version

· Due to technical development, the new version of the protocol could be totally different (and incompatible) from the earlier version

Based, e.g. on the arguments listed above, there seems to be a need to introduce version numbers to Iu UP protocol. It also seems reasonable to be able to negotiate the protocol version at user plane establishment.

Since the Iu UP protocol consists of different operation modes and only one mode of the UP protocol is used at a time, it is proposed to have independent version numbers for each mode. This implies that the UP modes are also able to evolve independently of each other. It may also be possible to introduce additional modes of operation. For example, release 99 of Iu UP protocol could include the following modes and versions 

· Transparent Mode (TrM) (version1)

· Support Mode for predefined SDU sizes (SMpSDU) (version1)

Whereas e.g. release 2000 could include the following modes and versions

· Transparent Mode (TrM) (version1)

· Support Mode for predefined SDU sizes (SMpSDU) (version2)

· Support Mode for variable SDU sizes (SMvSDU) (version1)

This idea is illustrated in the figure below.
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Figure: Example of different versions and modes in different releases

It should be noted that version number of a mode could also be unchanged between the releases, e.g. which could be the case with the Transparent Mode.

Since modes would have independent version numbers and there could exist several versions of a specific mode, the version number of the CN selected mode should be negotiated during the user plane establishment. I.e., first the CN selects the mode to be used and then the version of this mode is negotiated. This negotiation could be done so that the CN lists those versions of the mode that support the requested service and CN sends this list to UTRAN. UTRAN then chooses a version from the list that it can support (probably the highest possible) and responds to the CN.

This proposed negotiation procedure requires modifications to the following messages: RAB Assignment Request, RAB Assignment Response, Relocation Request, Relocation Request Acknowledge. These modifications are proposed in a separate contribution [3].

3 Proposals

· It is proposed to increase the Procedure Indicator field in the PDU type 14 header with four spare bits. The change text is proposed is an associated CR [4].

· It is proposed to change the ‘spare’ values of ACK/NACK field and Procedure Indicator field to ‘reserved’ values. The change text is proposed is an associated CR [4].

· It is proposed to introduce the described Iu UP protocol evolution principles to 25.415 v 3.0.0 [2]. The proposed principle text itself is delivered in an associated CR [4]. 

· It is proposed to introduce the described Iu UP version negotiation mechanism to 25.413v 1.4.1 [1]. The proposed text itself is delivered in a separate contribution [3]. 
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