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1
Introduction
With more and more UMTS 3GPP releases, the existing asn1 is becoming more and more difficult to maintain, partly due to the way in which messages are extended. This is resulting in a higher risk of errors, especially when extensive changes are being agreed to frozen releases long after the release has been frozen and asn1 has been reviewed. 
In this paper we discuss potential ways in which the extension mechanism for new releases can be improved, and also some potential improvements to the way in which changes are implemented and checked.

2
Discussion
2.1 
Extension mechanism

Messages in asn1 can be groups into 2 main types, when considering the way in which extensions are made. 

1. Message using critical extensions + non-critical extensions.
This is basically all DL DCCH messages. Critical extension is used to create a new asn1 branch for any new release, and this branch contains the critical information related to configuration and control of any new feature in that release. Non-critical extension is used to extend this critical branch after the release is frozen. 

2. Message using non-critical extension only. 

This is all broadcast (BCCH) messages and all UL messages. We can only extend these messages with non-critical extensions, because the message needs to be decoded at the target independent of release. Broadcast messages need to be decoded by all UE, and since the NW does not have a release, the extensions need to be made by non-critical extension in order that any parts not implemented by the NW can be discarded. 

2.1.1 Current DL-DCCH message extension mechanism
With the current method of extending DL-DCCH message using critical extensions, for every new release we create a new asn1 branch which is nested in every DL message. For example: 

-- ***************************************************

--

-- RADIO BEARER SETUP

--

-- ***************************************************

RadioBearerSetup ::= CHOICE {


r3







SEQUENCE {



radioBearerSetup-r3



RadioBearerSetup-r3-IEs,



v3a0NonCriticalExtensions

SEQUENCE {




radioBearerSetup-v3a0ext

RadioBearerSetup-v3a0ext,




laterNonCriticalExtensions

SEQUENCE {





-- Container for additional R99 extensions





radioBearerSetup-r3-add-ext

BIT STRING

OPTIONAL,





v4b0NonCriticalExtensions

SEQUENCE {






radioBearerSetup-v4b0ext

RadioBearerSetup-v4b0ext-IEs,






v590NonCriticalExtensions

SEQUENCE {







radioBearerSetup-v590ext

RadioBearerSetup-v590ext-IEs,







v5d0NonCriticalExtenstions

SEQUENCE {








radioBearerSetup-v5d0ext

RadioBearerSetup-v5d0ext-IEs,








v690NonCriticalExtensions

SEQUENCE {








radioBearerSetup-v690ext

RadioBearerSetup-v690ext-IEs,








nonCriticalExtensions


SEQUENCE {} OPTIONAL








}
OPTIONAL






}
OPTIONAL





}
OPTIONAL





}
OPTIONAL




}
OPTIONAL



}
OPTIONAL


},


later-than-r3




SEQUENCE {



rrc-TransactionIdentifier

RRC-TransactionIdentifier,



criticalExtensions



CHOICE {




r4







SEQUENCE {





radioBearerSetup-r4



RadioBearerSetup-r4-IEs,





v4d0NonCriticalExtensions


SEQUENCE {






-- Container for adding non critical extensions after freezing REL-5






radioBearerSetup-r4-add-ext

BIT STRING

OPTIONAL,






v590NonCriticalExtensions

SEQUENCE {







radioBearerSetup-v590ext

RadioBearerSetup-v590ext-IEs,







v5d0NonCriticalExtenstions

SEQUENCE {








radioBearerSetup-v5d0ext

RadioBearerSetup-v5d0ext-IEs,








v690NonCriticalExtensions

SEQUENCE {








radioBearerSetup-v690ext

RadioBearerSetup-v690ext-IEs,








nonCriticalExtensions


SEQUENCE {}

OPTIONAL








}
OPTIONAL






}
OPTIONAL





}
OPTIONAL





}
OPTIONAL




},




criticalExtensions



CHOICE {





r5







SEQUENCE {






radioBearerSetup-r5



RadioBearerSetup-r5-IEs,






-- Container for adding non critical extensions after freezing REL-6






radioBearerSetup-r5-add-ext

BIT STRING

OPTIONAL,






v5d0NonCriticalExtenstions

SEQUENCE {







radioBearerSetup-v5d0ext

RadioBearerSetup-v5d0ext-IEs,







v690NonCriticalExtensions

SEQUENCE {







radioBearerSetup-v690ext

RadioBearerSetup-v690ext-IEs,







nonCriticalExtensions


SEQUENCE {}

OPTIONAL







}
OPTIONAL





}
OPTIONAL




},





criticalExtensions



CHOICE {






r6







SEQUENCE {







radioBearerSetup-r6



RadioBearerSetup-r6-IEs,







-- Container for adding non critical extensions after freezing REL-7







radioBearerSetup-r6-add-ext

BIT STRING

OPTIONAL,







v6b0NonCriticalExtensions

SEQUENCE {







radioBearerSetup-v6b0ext

RadioBearerSetup-v6b0ext-IEs,







nonCriticalExtensions


SEQUENCE {}

OPTIONAL







}
OPTIONAL





},






criticalExtensions



CHOICE {







r7







SEQUENCE {








radioBearerSetup-r7



RadioBearerSetup-r7-IEs,








-- Container for adding non critical extensions after freezing REL-8








radioBearerSetup-r7-add-ext

BIT STRING











(CONTAINING RadioBearerSetup-r7-add-ext-IEs)
OPTIONAL,







v780NonCriticalExtensions

SEQUENCE {









radioBearerSetup-v780ext

RadioBearerSetup-v780ext-IEs,









v820NonCriticalExtensions

SEQUENCE {










radioBearerSetup-v820ext

RadioBearerSetup-v820ext-IEs,










nonCriticalExtensions


SEQUENCE {}

OPTIONAL









}
OPTIONAL








}
OPTIONAL







},







criticalExtensions



CHOICE {








r8







SEQUENCE {









radioBearerSetup-r8



RadioBearerSetup-r8-IEs,









-- Container for adding non critical extensions after freezing REL-9









radioBearerSetup-r8-add-ext

BIT STRING

OPTIONAL,









v7d0NonCriticalExtensions

SEQUENCE {









radioBearerSetup-v7d0ext

RadioBearerSetup-v7d0ext-IEs,










v7f0NonCriticalExtensions

SEQUENCE {











radioBearerSetup-v7f0ext
RadioBearerSetup-v7f0ext-IEs,











v890NonCriticalExtensions

SEQUENCE {












radioBearerSetup-v890ext


















RadioBearerSetup-v890ext-IEs,












nonCriticalExtensions


SEQUENCE {}

OPTIONAL










}
OPTIONAL










}
OPTIONAL









}
OPTIONAL







},








criticalExtensions



CHOICE {









r9







SEQUENCE {










radioBearerSetup-r9



RadioBearerSetup-r9-IEs,










-- Container for adding non critical extensions after 










-- freezing REL-10










radioBearerSetup-r9-add-ext

BIT STRING

OPTIONAL,










nonCriticalExtensions


SEQUENCE {}

OPTIONAL








},









criticalExtensions



SEQUENCE {}








}







}






}





}




}



}


}

}

In the above example, when we add new IEs to be used for a Rel-10 feature, this will be done by creating yet another nested branch (by modifying the last part in red above). 

It has the following issues: 

1. Nesting level becomes larger and larger - eventually we could encounter the problem found in [2]
2. Due to the larger nesting level, we need to consume more and more bits when sending a message from a later release.

In the above example, in order to send a Rel-10 message we need to contract the following message: 

DL-DCCH-MessageType->RadioBearerSetup-> later-than-r3-> criticalExtensions(r4)-> criticalExtensions(r5)-> criticalExtensions(r6)-> criticalExtensions(r7)-> criticalExtensions (r8)-> criticalExtensions (r9)-> criticalExtensions (r10)-> radioBearerSetup-r10
This results in 8 bits being used before we can even start to decode the actual message content. For each new release we add 1 bit.
3. When extending to include the new release, we need to take care not to cause problems with legacy releases (i.e. because we need to extend each and every top-level RRC message - if this is not done correctly then a backwards compatibility problem can be introduced. This is generally checked and taken care of in the asn1 review when the release is frozen. 

4. When making corrections to frozen releases (via non-critical extension) we need to take care that we do not cause problems with the future release. For example, if the Rel-8 extension is not done correctly, then the Rel-9 IEs cannot be decoded correctly at the receiver, if it is based on a different version of the specification.

5. Increased maintenance effort: By extending each RRC message separately, we are creating extra work for asn1 review procedure - for all companies involved in the asn1 review process, for RAN2 secretary and specification reporters. This increases risk of human error.

2.1.2 Potential new DL-DCCH message extension mechanism

The above issues could be resolved, or at least improved, quite simply. 

Instead of extending each RRC message individually, creating a nested branch for each new release - it should be possible to utilise one of the spare values reserved in DL-DCCH-MessageType, to extend for each new release. 

DL-DCCH-MessageType ::= CHOICE {


activeSetUpdate





ActiveSetUpdate,


assistanceDataDelivery



AssistanceDataDelivery,


cellChangeOrderFromUTRAN 


CellChangeOrderFromUTRAN,


cellUpdateConfirm




CellUpdateConfirm,


counterCheck





CounterCheck,


downlinkDirectTransfer



DownlinkDirectTransfer,


handoverFromUTRANCommand-GSM

HandoverFromUTRANCommand-GSM,


handoverFromUTRANCommand-CDMA2000
HandoverFromUTRANCommand-CDMA2000,


measurementControl




MeasurementControl,


pagingType2






PagingType2,


physicalChannelReconfiguration

PhysicalChannelReconfiguration,


physicalSharedChannelAllocation

PhysicalSharedChannelAllocation,


radioBearerReconfiguration


RadioBearerReconfiguration,


radioBearerRelease




RadioBearerRelease,


radioBearerSetup




RadioBearerSetup,


rrcConnectionRelease



RRCConnectionRelease,


securityModeCommand




SecurityModeCommand,


signallingConnectionRelease


SignallingConnectionRelease,


transportChannelReconfiguration

TransportChannelReconfiguration,


transportFormatCombinationControl
TransportFormatCombinationControl,


ueCapabilityEnquiry




UECapabilityEnquiry,


ueCapabilityInformationConfirm

UECapabilityInformationConfirm,


uplinkPhysicalChannelControl

UplinkPhysicalChannelControl,


uraUpdateConfirm




URAUpdateConfirm,


utranMobilityInformation


UTRANMobilityInformation,


handoverFromUTRANCommand-GERANIu
HandoverFromUTRANCommand-GERANIu,


mbmsModifiedServicesInformation

MBMSModifiedServicesInformation,


etwsPrimaryNotificationWithSecurity
ETWSPrimaryNotificationWithSecurity,


handoverFromUTRANCommand-EUTRA

HandoverFromUTRANCommand-EUTRA,


later-than-r9





DL-DCCH-MessageType-later-than-r9,


spare2







NULL,


spare1







NULL

}

DL-DCCH-MessageType-later-than-r9 ::= CHOICE {


dL-DCCH-MessageType-r10



DL-DCCH-MessageType-r10,


spare7







NULL,


spare6







NULL,


spare5







NULL,


spare4







NULL,


spare3







NULL,


spare2







NULL,


spare1







NULL

}

DL-DCCH-MessageType-r10 ::= CHOICE {


cellUpdateConfirm




CellUpdateConfirm-r10,


measurementControl




MeasurementControl-r10,


physicalChannelReconfiguration

PhysicalChannelReconfiguration-r10,


radioBearerReconfiguration


RadioBearerReconfiguration-r10,


radioBearerRelease




RadioBearerRelease-r10,


radioBearerSetup




RadioBearerSetup-r10,


spare11







NULL,


spare10







NULL,


spare9







NULL,


spare8







NULL,


spare7







NULL,


spare6







NULL,


spare5







NULL,


spare4







NULL,


spare3







NULL,


spare2







NULL,


spare1







NULL

}

RadioBearerSetup-r10


radioBearerSetup-r10


RadioBearerSetup-r10-IEs,

-- Container for adding non critical extensions after 

-- freezing REL-11


radioBearerSetup-r10-add-ext

BIT STRING

OPTIONAL,


nonCriticalExtensions


SEQUENCE {}

OPTIONAL
}

With the above extension mechanism, we can clearly separate Rel-10 and later messages from the legacy messages. Any messages not extended in a particular release do not need to be duplicated (network can send earlier release message to the UE). The proposal does not have a backwards compatibility issue - the new message type will never be sent to a UE supporting an earlier release than release 10, and modifying the spare values does not affect the way the message looks to legacy UEs. It has the following advantages

1. We will not encounter the problem found in [2]
2. With the extension mechanism affecting only the top level, it will result in more efficient signaling, saving bits. 
DL-DCCH-MessageType-> later-than-r9-> DL-DCCH-MessageType-r10-> RadioBearerSetup-r10
Only 2 bits are used. No new bits are needed in the future releases.

3. When extending for the new release, we only need to make a single change to the existing message structure (DL-DCCH-MessageType) which significantly reduces risk compared to modifying all individual RRC messages.

4. When making corrections (non-critical extension) to the frozen release, we do not affect the new release. 

5. When extending the new release there is only a small effort to implement and review the extension mechanism, and provides a clear separation between releases which reduces maintenance effort. It also provides the possibility, for example, to specify Rel-10 signaling in a separate section to legacy signaling. 
Proposal 1: Consider instead of extending DL-DCCH messages by adding a new critical extension branch to each individual RRC message, we use one of the spare values in the top level message DL-DCCH-MessageType.

With the above extension mechanism, we can clearly separate Rel-10 and later messages from the legacy messages, allowing the maintenance to be separated. There could be further separations that could be made in order to improve maintainability. 

One potential area to consider is the FDD / TDD split. From Rel-10 onwards it should be possible, to further separate FDD and TDD. 

For example:

DL-DCCH-MessageType-later-than-r9 ::= CHOICE {


fdd






DL-DCCH-MessageType-FDD,


tdd






DL-DCCH-MessageType-TDD

}
Or alternatively:

DL-DCCH-MessageType ::= CHOICE {


activeSetUpdate





ActiveSetUpdate,


assistanceDataDelivery



AssistanceDataDelivery,


cellChangeOrderFromUTRAN 


CellChangeOrderFromUTRAN,


cellUpdateConfirm




CellUpdateConfirm,


counterCheck





CounterCheck,


downlinkDirectTransfer



DownlinkDirectTransfer,


handoverFromUTRANCommand-GSM

HandoverFromUTRANCommand-GSM,


handoverFromUTRANCommand-CDMA2000
HandoverFromUTRANCommand-CDMA2000,


measurementControl




MeasurementControl,


pagingType2






PagingType2,


physicalChannelReconfiguration

PhysicalChannelReconfiguration,


physicalSharedChannelAllocation

PhysicalSharedChannelAllocation,


radioBearerReconfiguration


RadioBearerReconfiguration,


radioBearerRelease




RadioBearerRelease,


radioBearerSetup




RadioBearerSetup,


rrcConnectionRelease



RRCConnectionRelease,


securityModeCommand




SecurityModeCommand,


signallingConnectionRelease


SignallingConnectionRelease,


transportChannelReconfiguration

TransportChannelReconfiguration,


transportFormatCombinationControl
TransportFormatCombinationControl,


ueCapabilityEnquiry




UECapabilityEnquiry,


ueCapabilityInformationConfirm

UECapabilityInformationConfirm,


uplinkPhysicalChannelControl

UplinkPhysicalChannelControl,


uraUpdateConfirm




URAUpdateConfirm,


utranMobilityInformation


UTRANMobilityInformation,


handoverFromUTRANCommand-GERANIu
HandoverFromUTRANCommand-GERANIu,


mbmsModifiedServicesInformation

MBMSModifiedServicesInformation,


etwsPrimaryNotificationWithSecurity
ETWSPrimaryNotificationWithSecurity,


handoverFromUTRANCommand-EUTRA

HandoverFromUTRANCommand-EUTRA,


later-than-r9





DL-DCCH-MessageType-FDD-later-than-r9,


later-than-r9





DL-DCCH-MessageType-TDD-later-than-r9,


spare1







NULL

}

It means that TDD companies do not need to implement FDD specific asn1, and FDD companies do not need to implement TDD changes. In that way, there is no need any more to always include the "Mode Specific Info" switch to every message, whenever FDD or TDD specific signalling is added, and therefore does not affect the other technology. 
It also means that there will be no clashes in FDD and TDD CRs during the implementation phase, since the asn1 could be maintained separately (in separate sections potentially)

Proposal 2: Consider separating FDD and TDD asn1 streams into separate messages from Rel-10 onwards. 

Separating these messages also provides the potential to utilise some of the optimisations used in LTE signalling, for example the (…) extension marker. It would be worth also investigating if/how UTRA could adopt these approaches + if there is a benefit of doing this.

Proposal 3: Consider whether any LTE asn1 signalling optimisations can be used in UTRA, if we separate messages from Rel-10 onwards. 
2.1.3 UL and broadcast message extension mechanism

Unfortunately due to the nature of non-critical extensions, it is not possible to completely separate new releases from the old message - since it's unknown at the transmitter what the receiver supports. New IEs added in later releases need to be discarded if not supported, so they must be nested at the end of the message. 

One potential way to extend UL DCCH messages, could be in a similar way to the above proposed method for DL DCCH messages. It would mean that the UE can only send the new message type if the NW indicates support for the optimised/new signalling - either explicitly (e.g. by a bit on BCCH) or implicitly (e.g. configuring a Rel-10 measurement + accepting a Rel-10 measurement report message type). It could be worth exploring whether this is feasible and provides benefits. 

For BCCH this won't work, the broadcast messages need to be understood by all UEs, and providing new SIBs would mean more than just a signalling change.

However, it should be possible to use the similar mechanism agreed in [2] when adding extensions for new releases. It results in the same encoding and the same care needs to be taken when implementing, reviewing and maintaining. It will have the advantage that we do not see the problem that nesting levels exceed 16 and it may make readability clearer. For example: 

MeasurementReport ::= SEQUENCE {


-- Measurement IEs



measurementIdentity



MeasurementIdentity,



measuredResults




MeasuredResults





OPTIONAL,



measuredResultsOnRACH


MeasuredResultsOnRACH



OPTIONAL,



additionalMeasuredResults

MeasuredResultsList




OPTIONAL,



eventResults




EventResults





OPTIONAL,


-- Non-critical extensions



v390nonCriticalExtensions


SEQUENCE {




measurementReport-v390ext

MeasurementReport-v390ext,




laterNonCriticalExtensions

SEQUENCE {





-- Container for additional R99 extensions





measurementReport-r3-add-ext

BIT STRING

OPTIONAL,





v4b0NonCriticalExtensions

SEQUENCE {





measurementReport-v4b0ext

MeasurementReport-v4b0ext-IEs,






-- Extension mechanism for non-Rel4 information






v590NonCriticalExtensions
SEQUENCE {







measurementReport-v590ext

MeasurementReport-v590ext-IEs,







v5b0NonCriticalExtensions

SEQUENCE {








measurementReport-v5b0ext

MeasurementReport-v5b0ext-IEs,








v690NonCriticalExtensions


SEQUENCE {









measurementReport-v690ext

MeasurementReport-v690ext-IEs,








v770NonCriticalExtensions

SEQUENCE {










measurementReport-v770ext

MeasurementReport-v770ext-IEs,









v860NonCriticalExtensions

SEQUENCE {











measurementReport-v860ext
MeasurementReport-v860ext-IEs,











v9xyNonCriticalExtensions

SEQUENCE {












measurementReport-v9xyext
MeasurementReport-v9xyext-IEs,












nonCriticalExtensions












MeasurementReport-NonCriticalExtension-vaxyext-IEs

OPTIONAL











}
OPTIONAL










}

OPTIONAL









}

OPTIONAL








}

OPTIONAL







}

OPTIONAL






}

OPTIONAL





}

OPTIONAL



}

OPTIONAL


}

OPTIONAL

}

-- Rel 10 extensions

MeasurementReport-NonCriticalExtension-vaxyext-IEs ::= SEQUENCE {


measurementReport-va00ext
MeasurementReport-va00ext-IEs,



va10NonCriticalExtensions
SEQUENCE {




measurementReport-va10ext

MeasurementReport-va10ext-IEs,





va20NonCriticalExtensions

SEQUENCE {






measurementReport-va20ext

MeasurementReport-va20ext-IEs,







nonCriticalExtensions











MeasurementReport-NonCriticalExtension-vbxyext-IEs

OPTIONAL




} OPTIONAL



} OPTIONAL


} OPTIONAL

}

-- Rel 11 extensions

MeasurementReport-NonCriticalExtension-vbxyext-IEs ::= SEQUENCE {


measurementReport-vbxyext
MeasurementReport-vbxyext-IEs,


nonCriticalExtensions

SEQUENCE{}

OPTIONAL

}

The 2 options for making changes after freezing the next release would be either add a VLEC in every release, or to utilise the existing R99 VLEC ( in the above example this is measurementReport-r3-add-ext) 

Proposal 4: Consider separating the way non-critical extension are presented in the specification by release, in order to improve readability of asn1 and/or completely separating UL DCCH messages
2.2 
Implementation and Review Process

Unfortunately, the CR implementation and review ultimately needs to be performed by humans - this means that errors can be made, and sometimes are made. This is why we perform asn1 review at the end of each release. 

There is not much that can be done about this; however there are some measures that could potentially be taken in order to reduce the risk. 

Consideration 1: Avoid making changes to frozen asn1 releases whenever possible. Any changes made after freeze are not subject to the extensive asn1 review we perform after every release.
E.g. Could the CR in question be implemented in an alternative way, such as to Rel-9 (or now, Rel-10) + allowed to be early implementable instead of changing the frozen release? Is it a critical correction?
Consideration 2: Any CR containing asn1 changes made during the meeting or not submitted before meeting deadline - should not be agreed, without at least further time to review by email approval. Potentially all CRs containing asn1 either have an earlier submission deadline, or have an asn1 email agreement phase in order to check for correctness and clashes. This is in order that issues can be resolved by RAN2 before RAN plenary + not during implementation after RAN plenary. 
This gives the few companies who do check time to compile the asn1 and review. 
Consideration 3: Potentially all CRs impacting asn1 could be merged into 1 single asn1 CR, to be reviewed and agreed by email after the meeting

This would avoid any clashes at the implementation phase, and provides time to fix asn1 compiler errors or other implementation problems before the plenary. 
Consideration 4: Require that companies making asn1 changes check that their changes as a minimum do compile. 
E.g. could reject any CR that is found to contain compiler errors. 
Consideration 5: 4. In addition to RAN2 secretary, asn1 reporter, and 25.331 reporter review - company sourcing the CR should also check their CR has been implemented correctly. Especially if it contains extensive corrections to frozen release asn1, and especially if RAN2 secretary indicates it is clashing with other CRs (although ideally clashes should be removed before implementation). Alternatively (or additionally), there could be an additional reviewer/reporter to check that the implementation is correct. 
There may be further suggestions and improvements that could be made, not listed above, and the sourcing companies would welcome any feedback and suggestions from other companies, and support ideas that would improve the process.
Proposal 5: Consider the above and decide if any of these measures could be taken in order to improve the reliability/risk and effort in implementing and maintaining asn1. 

4
Conclusion
In this paper we have discussed potential ways to improve the asn1 extension mechanisms, and also presented a few considerations to how the overall implementation and review process could be improved. We would welcome feedback on these proposals + are happy to discuss future improvements that can be taken into use from now on. 

Proposal 1: Consider instead of extending DL-DCCH messages by adding a new critical extension branch to each individual RRC message, we use one of the spare values in the top level message DL-DCCH-MessageType.

Proposal 2: Consider separating FDD and TDD asn1 streams into separate messages from Rel-10 onwards. 

Proposal 3: Consider whether any LTE asn1 signalling optimisations can be used in UTRA, if we separate messages from Rel-10 onwards. 
Proposal 4: Consider separating the way non-critical extension are presented in the specification by release, in order to improve readability of asn1 and/or completely separating UL DCCH messages

Proposal 5: Consider the above and decide if any of these measures could be taken in order to improve the reliability/risk and effort in implementing and maintaining asn1. 
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