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1
Introduction

Current structure of the major RRC reconfiguration messages follows somewhat non-optimal approach when a each RRC message container has all the configuration IEs right on the top level without grouping them into logical containers. Since quite many configurations IEs are the same across several RRC messages, it inevitable leads to a more complex ASN.1 structure which is more complex to maintain, update, and review.

In this discussion paper we suggest a set of optimizations into the structure of the RRC messages. They do not change anything in the current functionality, but rather allows to structure configuration IEs to ease subsequent ASN.1 changes and the maintenance process.    

2
ASN.1 optimizations

2.1
General description

Most of the  RRC re-configuration messages, such as RADIO BEARER RECONFIGURATION and PHYSICAL CHANNEL RECONFIGURATION, do not group IEs into logical containers (e.g. based on their functional purposes), but rather have all IEs on the top level inside the reconfiguration message. For the sake of clarity, we present below an excerpt of the ASN.1 code for the RADIO BEARER RECONIFGURATION container IE.

RadioBearerReconfiguration-r13-IEs ::= SEQUENCE {


-- User equipment IEs



integrityProtectionModeInfo

IntegrityProtectionModeInfo-r7



OPTIONAL,



cipheringModeInfo



CipheringModeInfo-r7





OPTIONAL,



activationTime




ActivationTime







OPTIONAL,



dynamicActivationTime


DynamicActivationTime





OPTIONAL,



delayRestrictionFlag


DelayRestrictionFlag





OPTIONAL,



new-U-RNTI





U-RNTI









OPTIONAL,



new-C-RNTI





C-RNTI









OPTIONAL,



-- The IE "new-DSCH-RNTI" should not be included in FDD mode,



-- and if received the UE behaviour is unspecified



new-DSCH-RNTI




DSCH-RNTI








OPTIONAL,



new-H-RNTI





H-RNTI









OPTIONAL,



newPrimary-E-RNTI



E-RNTI









OPTIONAL,



newSecondary-E-RNTI


E-RNTI









OPTIONAL,


uraPCHWithSeamlessTransitionRNTIHandlingMode
ENUMERATED { true }
OPTIONAL,


rrc-StateIndicator



RRC-StateIndicator,



ueMobilityStateIndicator

High-MobilityDetected





OPTIONAL,



utran-DRX-CycleLengthCoeff

UTRAN-DRX-CycleLengthCoefficient-r7


OPTIONAL,



accessGroupIdentity



AccessGroupIdentity






OPTIONAL,


-- Core network IEs



cn-InformationInfo



CN-InformationInfo-r6





OPTIONAL,


-- UTRAN mobility IEs



ura-Identity




URA-Identity







OPTIONAL,



supportForChangeOfUE-Capability
BOOLEAN









OPTIONAL,



responseToChangeOfUE-Capability
ENUMERATED { true }






OPTIONAL,


-- Specification mode information



defaultConfigForCellFACH

DefaultConfigForCellFACH




OPTIONAL,



specificationMode



CHOICE {




complete





SEQUENCE {




-- Radio bearer IEs





rab-InformationReconfigList

RAB-InformationReconfigList-r8

OPTIONAL,





rab-InformationMBMSPtpList

RAB-InformationMBMSPtpList


OPTIONAL,





rb-InformationReconfigList

RB-InformationReconfigList-r11

OPTIONAL,





rb-InformationAffectedList

RB-InformationAffectedList-r8

OPTIONAL,





rb-PDCPContextRelocationList
RB-PDCPContextRelocationList

OPTIONAL,





pdcp-ROHC-TargetMode


PDCP-ROHC-TargetMode



OPTIONAL,





umRlc-ReEstablishmentRBList

RB-IdentityList





OPTIONAL,




otherStateConfig



OtherStateConfig




OPTIONAL,



-- Transport channel IEs





ul-CommonTransChInfo


UL-CommonTransChInfo-r12



OPTIONAL,





ul-deletedTransChInfoList

UL-DeletedTransChInfoList-r6

OPTIONAL,





ul-AddReconfTransChInfoList

UL-AddReconfTransChInfoList-r8

OPTIONAL,





dl-CommonTransChInfo


DL-CommonTransChInfo-r4



OPTIONAL,





dl-DeletedTransChInfoList

DL-DeletedTransChInfoList-r7

OPTIONAL,





dl-AddReconfTransChInfoList
DL-AddReconfTransChInfoList-r13

OPTIONAL,



-- Retrievable configuration




retrievableConfigInfo


RetrievableConfigInfo



OPTIONAL




},




preconfiguration



SEQUENCE {




-- All IEs that include an FDD/TDD choice are split in two IEs for this message,




-- one for the FDD only elements and one for the TDD only elements, so that one




-- FDD/TDD choice in this level is sufficient.





preConfigMode




CHOICE {






predefinedConfigIdentity

PredefinedConfigIdentity,






defaultConfig




SEQUENCE {







defaultConfigMode



DefaultConfigMode,







defaultConfigIdentity 


DefaultConfigIdentity-r6






}





}




}



},


-- Physical channel IEs



frequencyInfo




FrequencyInfo







OPTIONAL,



multi-frequencyInfo


Multi-frequencyInfo-LCR-r7




OPTIONAL,



dtx-drx-TimingInfo



DTX-DRX-TimingInfo-r7





OPTIONAL,



dtx-drx-Info




DTX-DRX-Info-r12







OPTIONAL,



hs-scch-LessInfo



HS-SCCH-LessInfo-r7






OPTIONAL,



mimoParameters




MIMO-Parameters-r9






OPTIONAL,



mimo4x4Parameters



MIMO4x4-Parameters






OPTIONAL,


dch-Enhancements-Info-FDD

DCH-Enhancements-Info-FDD




OPTIONAL,


maxAllowedUL-TX-Power


MaxAllowedUL-TX-Power





OPTIONAL,



ul-DPCH-Info




UL-DPCH-Info-r11






OPTIONAL,



ul-EDCH-Information


UL-EDCH-Information-r11





OPTIONAL,



ul-SecondaryCellInfoFDD

UL-SecondaryCellInfoFDD-r13




OPTIONAL,



ul-MulticarrierEDCHInfo-TDD128
UL-MulticarrierEDCHInfo-TDD128



OPTIONAL,



ul-CLTD-InfoFDD



UL-CLTD-InfoFDD







OPTIONAL,



ul-OLTD-InfoFDD



UL-OLTD-InfoFDD







OPTIONAL,



ul-OtherTTIConfiguration-Info
UL-OtherTTIConfiguration-Information

OPTIONAL,



filteredUPHReportInfo


FilteredUEPowerHeadroomReportInfo


OPTIONAL,



dl-HSPDSCH-Information

DL-HSPDSCH-Information-r12




OPTIONAL,



dl-CommonInformation


DL-CommonInformation-r12




OPTIONAL,



dl-InformationPerRL-List

DL-InformationPerRL-List-r13



OPTIONAL,



dl-SecondaryCellInfoFDD

DL-SecondaryCellInfoFDD-r11




OPTIONAL,



additionalDLSecCellInfoListFDD
AdditionalDLSecCellInfoListFDD-r11


OPTIONAL,



additionalDLSecCellInfoListFDD2
AdditionalDLSecCellInfoListFDD2



OPTIONAL,



commonERGCHInfoFDD



CommonERGCHInfoFDD






OPTIONAL,



dPCCH2InfoFDD




DPCCH2InfoFDD







OPTIONAL,



controlChannelDRXInfo-TDD128
ControlChannelDRXInfo-TDD128-r8



OPTIONAL,



sps-Information-TDD128

SPS-Information-TDD128-r8




OPTIONAL,



mu-MIMO-Info-TDD128


MU-MIMO-Info-TDD128






OPTIONAL,



nonrectResAllocInd-TDD128

Non-rectResAllocInd-TDD128




OPTIONAL,



nonrectResSpecTSset-TDD128
Non-rectResSpecTSset-TDD128




OPTIONAL,


-- MBMS IEs



mbms-PL-ServiceRestrictInfo
MBMS-PL-ServiceRestrictInfo-r6



OPTIONAL,


-- Measurement IEs for LCR



cellDCHMeasOccasionInfo-TDD128
CellDCHMeasOccasionInfo-TDD128-r9


OPTIONAL

}

As one can see, that RADIO BEARER RECONFIGURATION container has a number of different IEs, most of which are duplicated in other reconfiguration messages. For instance, physical channel IEs are also present in PHYSICAL CHANNEL RECONFIGURATION message, and user equipment IEs are present in almost all the RRC messages. As a result, every time 3GPP introduces a new feature or functionality, same changes use to propagate through the number of RRC messages. 

Current working procedure is that whenever a new ASN.1 release is created, we copy/paste the whole container of the corresponding message with all the IEs, and update those IEs (in most cases just several ones) where the changes are. Such an approach usually results in quite big CRs because we have to copy/paste containers of all the impacted RRC messages; furthermore, the whole tabular definition of a message must be also included into a CR. In the past, there were cases when 3GPP unintentionally introduced ASN.1 inconsistencies during those copy/paste operations and/or when not all the RRC message were updated properly. 

There can be better structure of the RRC messages, as described below:

1. Group IEs into separate containers based on their functional properties, e.g. physical channel IEs, transport channel IEs, radio bearer IEs etc.

2. Update the structure of the RRC messages so that they use the corresponding logical containers.

The outcome of that optimization is that every time we change/add something in configuration IEs, i.e. a physical channel IE, we will have to update the corresponding logical container, which will automatically become “available” for all the RRC messages that use the same container. 

To illustrate how it works, suppose that the proposed enhancement is adopted already in Rel-13 ASN.1. Then, the RADIO BEARER RECONFIGURATION and PHYSICAL CHANNEL RECONFIGURATION containers may look as follows. It should be noted that these messages will share most of the logical containers (but the exact set of containers will be anyway different).

PhysicalChannelReconfiguration-r13-IEs ::= SEQUENCE {


-- User equipment IEs



userEquipment
UserEquipment-r13


OPTIONAL,


-- Core network IEs



coreNetwork

CoreNetwork-r13



OPTIONAL,


-- UTRAN mobility IEs



utranMobility
UtranMobility-r13


OPTIONAL,


.................................


-- Physical channel IEs



physicalChannel
PhysicalChannel-r13


OPTIONAL,


-- MBMS IEs



mbms


MBMS-r13




OPTIONAL,


-- Measurement IEs for LCR



measurementLCR
MeasurementLCR-r13


OPTIONAL

}

RadioBearerReconfiguration-r13-IEs ::= SEQUENCE {


-- User equipment IEs



userEquipment
UserEquipment-r13


OPTIONAL,


-- Core network IEs



coreNetwork

CoreNetwork-r13



OPTIONAL,


-- UTRAN mobility IEs



utranMobility
UtranMobility-r13


OPTIONAL,


.................................


-- Physical channel IEs



physicalChannel
PhysicalChannel-r13


OPTIONAL,


-- MBMS IEs



mbms


MBMS-r13




OPTIONAL,


-- Measurement IEs for LCR



measurementLCR
MeasurementLCR-r13


OPTIONAL

}

PhysicalChannel-r13 ::= SEQUENCE {


frequencyInfo




FrequencyInfo







OPTIONAL,



multi-frequencyInfo


Multi-frequencyInfo-LCR-r7




OPTIONAL,



dtx-drx-TimingInfo



DTX-DRX-TimingInfo-r7





OPTIONAL,



dtx-drx-Info




DTX-DRX-Info-r12







OPTIONAL,



hs-scch-LessInfo



HS-SCCH-LessInfo-r7






OPTIONAL,



mimoParameters




MIMO-Parameters-r9






OPTIONAL,



mimo4x4Parameters



MIMO4x4-Parameters






OPTIONAL,


dch-Enhancements-Info-FDD

DCH-Enhancements-Info-FDD




OPTIONAL,


maxAllowedUL-TX-Power


MaxAllowedUL-TX-Power





OPTIONAL,



ul-DPCH-Info




UL-DPCH-Info-r11






OPTIONAL,



ul-EDCH-Information


UL-EDCH-Information-r11





OPTIONAL,



ul-SecondaryCellInfoFDD

UL-SecondaryCellInfoFDD-r13




OPTIONAL,



ul-MulticarrierEDCHInfo-TDD128
UL-MulticarrierEDCHInfo-TDD128



OPTIONAL,



ul-CLTD-InfoFDD



UL-CLTD-InfoFDD







OPTIONAL,



ul-OLTD-InfoFDD



UL-OLTD-InfoFDD







OPTIONAL,



ul-OtherTTIConfiguration-Info
UL-OtherTTIConfiguration-Information

OPTIONAL,



filteredUPHReportInfo


FilteredUEPowerHeadroomReportInfo


OPTIONAL,



dl-HSPDSCH-Information

DL-HSPDSCH-Information-r12




OPTIONAL,



dl-CommonInformation


DL-CommonInformation-r12




OPTIONAL,



dl-InformationPerRL-List

DL-InformationPerRL-List-r13



OPTIONAL,



dl-SecondaryCellInfoFDD

DL-SecondaryCellInfoFDD-r11




OPTIONAL,



additionalDLSecCellInfoListFDD
AdditionalDLSecCellInfoListFDD-r11


OPTIONAL,



additionalDLSecCellInfoListFDD2
AdditionalDLSecCellInfoListFDD2



OPTIONAL,



commonERGCHInfoFDD



CommonERGCHInfoFDD






OPTIONAL,



dPCCH2InfoFDD




DPCCH2InfoFDD







OPTIONAL,



controlChannelDRXInfo-TDD128
ControlChannelDRXInfo-TDD128-r8



OPTIONAL,



sps-Information-TDD128

SPS-Information-TDD128-r8




OPTIONAL,



mu-MIMO-Info-TDD128


MU-MIMO-Info-TDD128






OPTIONAL,



nonrectResAllocInd-TDD128

Non-rectResAllocInd-TDD128




OPTIONAL,



nonrectResSpecTSset-TDD128
Non-rectResSpecTSset-TDD128




OPTIONAL

}

If there are changes in the physical channel parameters in Rel-14, then new updated containers will be as follows. As can be seen, we will update the container with the physical channel parameter IEs only once, and just update PHYSICAL CHANNEL RECONFIGURATION and RADIO BEARER RECONFIGURATION messages with the corresponding version of that container. 

PhysicalChannelReconfiguration-r14-IEs ::= SEQUENCE {


-- User equipment IEs



userEquipment
UserEquipment-r13


OPTIONAL,


-- Core network IEs



coreNetwork

CoreNetwork-r13



OPTIONAL,


-- UTRAN mobility IEs



utranMobility
UtranMobility-r13


OPTIONAL,


.................................


-- Physical channel IEs



physicalChannel
PhysicalChannel-r14


OPTIONAL,


-- MBMS IEs



mbms


MBMS-r13




OPTIONAL,


-- Measurement IEs for LCR



measurementLCR
MeasurementLCR-r13


OPTIONAL

}

RadioBearerReconfiguration-r14-IEs ::= SEQUENCE {


userEquipment
UserEquipment-r13


OPTIONAL,


coreNetwork

CoreNetwork-r13



OPTIONAL,


utranMobility
UtranMobility-r13


OPTIONAL,


.................................


physicalChannel
PhysicalChannel-r14


OPTIONAL,


mbms


MBMS-r13




OPTIONAL,


measurementLCR
MeasurementLCR-r13


OPTIONAL

}

PhysicalChannel-r14 ::= SEQUENCE {



frequencyInfo




FrequencyInfo







OPTIONAL,



multi-frequencyInfo


Multi-frequencyInfo-LCR-r7




OPTIONAL,



dtx-drx-TimingInfo



DTX-DRX-TimingInfo-r7





OPTIONAL,



dtx-drx-Info




DTX-DRX-Info-r12







OPTIONAL,



hs-scch-LessInfo



HS-SCCH-LessInfo-r7






OPTIONAL,



mimoParameters




MIMO-Parameters-r9






OPTIONAL,



mimo4x4Parameters



MIMO4x4-Parameters






OPTIONAL,


dch-Enhancements-Info-FDD

DCH-Enhancements-Info-FDD




OPTIONAL,


maxAllowedUL-TX-Power


MaxAllowedUL-TX-Power





OPTIONAL,



ul-DPCH-Info




UL-DPCH-Info-r11






OPTIONAL,



ul-EDCH-Information


UL-EDCH-Information-r11





OPTIONAL,



ul-SecondaryCellInfoFDD

UL-SecondaryCellInfoFDD-r13




OPTIONAL,



ul-MulticarrierEDCHInfo-TDD128
UL-MulticarrierEDCHInfo-TDD128



OPTIONAL,



ul-CLTD-InfoFDD



UL-CLTD-InfoFDD







OPTIONAL,



ul-OLTD-InfoFDD



UL-OLTD-InfoFDD







OPTIONAL,



ul-OtherTTIConfiguration-Info
UL-OtherTTIConfiguration-Information

OPTIONAL,



filteredUPHReportInfo


FilteredUEPowerHeadroomReportInfo


OPTIONAL,



dl-HSPDSCH-Information

DL-HSPDSCH-Information-r12




OPTIONAL,



dl-CommonInformation


DL-CommonInformation-r12




OPTIONAL,



dl-InformationPerRL-List

DL-InformationPerRL-List-r13



OPTIONAL,



dl-SecondaryCellInfoFDD

DL-SecondaryCellInfoFDD-r11




OPTIONAL,



additionalDLSecCellInfoListFDD
AdditionalDLSecCellInfoListFDD-r11


OPTIONAL,



additionalDLSecCellInfoListFDD2
AdditionalDLSecCellInfoListFDD2



OPTIONAL,



commonERGCHInfoFDD



CommonERGCHInfoFDD






OPTIONAL,



dPCCH2InfoFDD




DPCCH2InfoFDD







OPTIONAL,



controlChannelDRXInfo-TDD128
ControlChannelDRXInfo-TDD128-r8



OPTIONAL,



sps-Information-TDD128

SPS-Information-TDD128-r8




OPTIONAL,



mu-MIMO-Info-TDD128


MU-MIMO-Info-TDD128






OPTIONAL,



nonrectResAllocInd-TDD128

Non-rectResAllocInd-TDD128




OPTIONAL,



nonrectResSpecTSset-TDD128
Non-rectResSpecTSset-TDD128




OPTIONAL

}

2.2 Summary of impacted messages and new logical containers

In this section we present a quick summary of which RRC messages can be optimized, also indicating a list of new logical containers and which container will be included in which message. 

	Logical container
	PHYSICAL CHANNEL RECONFIG
	RADIO BEARER RECONFIG
	TRANSPORT CHANNEL RECONFIG
	CELL UPDATE CONFIRM
	ACTIVE SET UPDATE

	User equipment
	X
	X
	X
	X
	(X)

	Core network
	X
	X
	X
	X
	X

	UTRAN mobility
	X
	X
	X
	X
	

	Radio bearer
	(X)
	X
	(X)
	X
	

	Transport channel
	(X)
	X
	X
	X
	

	Physical channel
	X
	X
	X
	X
	X

	MBMS
	X
	X
	X
	X
	

	Measurement for LCR
	X
	X
	X
	X
	

	WLAN 
	
	
	
	X
	


There is also a way to apply some of the proposed optimizations to other RRC messages, such as RRC CONNECTION SETUP and UTRAN MOBILITY INFORMATION. However, since those messages have a number of exceptions in terms of contained IEs, it should be analysed whether it is really necessary or not.

2.3
Other considerations

Assuming that proposed optimizations are agreed amongst companies, one of the open questions is when to apply them. Ideally, it should be done already for the Rel-13 ASN.1 so that we can benefit from optimized structures while updating Rel-14 ASN.1. At the same time, proposed changes should not be done in parallel to the ongoing ASN.1 review and ideally should be based on the stable ASN.1 version. As a result, we propose the following way forward:

· Finish ongoing ASN.1 review process, so that we have a stable ASN.1 after RAN2#93 meeting;

· Bring the CR introducing proposed enhancements to RAN#93bis. Since this will be a “bis” meeting, companies will have enough time to review the CR before/during this meeting, and before RAN#94. There can be even an offline email discussion.

· Agree the CR at the RAN2#94 meeting.

The only concern with this approach is that ASN.1 will be officially frozen after the RAN plenary meeting in March, and as a result there should be no non-backward compatible ASN.1 changes. On the other hand, there have been a lot of cases in the past when we resorted to introduced non-backward compatible changes to the frozen ASN.1 right after the official freeze. 

3
Conclusion

In this discussion paper we have presented a set of optimizations to the structure of the RRC messages to group existing configuration IEs into several logical containers. Such an approach will simplify the top level structure of the RRC messages, and more importantly should ease process of extending, maintaining and reviewing ASN.1 changes. 

To avoid clashes and logical conflicts with the ongoing ASN.1 review process, we suggest to consider these changes once the ASN.1 review is over. In other words, the corresponding changes could be brought to the next 3GPP RAN2#93bis meeting.

References

