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1. Introduction 

At the moment in Rel-6, there are two more spare values left in the IE “Frequency Band” in the IE “UE radio access capability extension”.  At RAN Plenary #25, addition of two frequency bands was discussed.  Although only one of them is a work item, RRC protocol will be out of spare values for frequency bands when these two bands were added.  As addition of more frequency bands are expected in the future, the purpose of this paper is to discuss the new mechanism for allowing further addition of frequency bands.

2. Discussion

2.1. UE radio access capability

When the frequency bands are added, some of the capabilities need to be set per frequency bands.  TR25.921 states that if more spare values are needed than spare values included in previous version, the very last spare value can be replaced with the special value.  However, due to the structure of the UE Radio Access Capability Extension, using the method described in TR25.921 will make the signalling less intuitive.  Additionally, making the straightforward addition will results in less number of bits, because the UE does not need to send Radio Frequency Band twice for the UE capabilities for Band VIII onward (one time to signal the special value, one time to signal the Band VIII to Band XIV).   Therefore, it is proposed to make a straightforward correction, as shown below:

	UE-RadioAccessCapabBandFDDList2 ::=
SEQUENCE (SIZE (1..maxFreqBandsFDD)) OF












UE-RadioAccessCapabBandFDD2
UE-RadioAccessCapabBandFDD2 ::=
SEQUENCE{


radioFrequencyBandFDD2



RadioFrequencyBandFDD2,


fddRF-Capability




SEQUENCE {



ue-PowerClass





UE-PowerClassExt,



txRxFrequencySeparation



TxRxFrequencySeparation


}















OPTIONAL,


measurementCapability2



MeasurementCapabilityExt2
}
RadioFrequencyBandFDD2 ::=


ENUMERATED {

-- Band IX is written as a place-holder











bandIX,











spare7, spare6, spare5, spare4, spare3, spare2, spare1 
}
MeasurementCapabilityExt2 ::= 

SEQUENCE{


compressedModeMeasCapabFDDList

CompressedModeMeasCapabFDDList2,


compressedModeMeasCapabTDDList

CompressedModeMeasCapabTDDList
OPTIONAL,


compressedModeMeasCapabGSMList

CompressedModeMeasCapabGSMList
OPTIONAL,


compressedModeMeasCapabMC


CompressedModeMeasCapabMC

OPTIONAL

}
CompressedModeMeasCapabFDDList2 ::=
SEQUENCE (SIZE (1..maxFreqBandsFDD)) OF











CompressedModeMeasCapabFDD2
CompressedModeMeasCapabFDD2 ::=

SEQUENCE {
--UE may omit both IEs if this IE indicates the compressed mode capability within
--the same frequency band.  Otherwise, the UE shall include either one of the following OPTIONAL IEs.
radioFrequencyBandFDD



RadioFrequencyBandFDD
OPTIONAL,

radioFrequencyBandFDD2



RadioFrequencyBandFDD2
OPTIONAL,


dl-MeasurementsFDD




BOOLEAN,


ul-MeasurementsFDD




BOOLEAN

}
--This IE represents the compressed mode capabilities for Band I -  VIII.

--This IE signals the necessity of the compressed mode in case of performing
--the measurements in between any of the Band I-VIII and any one of the Band IX-XVI.
UE-RadioAccessCapabBandFDDList-ext ::= SEQUENCE (SIZE (1..maxFreqBandsFDD)) OF {










UE-RadioAccessCapabBandFDD-ext
UE-RadioAccessCapabBandFDD-ext ::= SEQUENCE {
radioFrequencyBandFDD               RadioFrequencyBandFDD,

compressedModeMeasCapabFDDList-ext CompressedModeMeasCapabFDDList-ext
}

CompressedModeMeasCapabFDDList-ext ::= SEQUENCE (SIZE (1..maxFreqBandsFDD)) OF

CompressedModeMeasCapabFDD-ext
CompressedModeMeasCapabFDD-ext ::=

SEQUENCE {

radioFrequencyBandFDD2



RadioFrequencyBandFDD2,


dl-MeasurementsFDD




BOOLEAN,


ul-MeasurementsFDD




BOOLEAN

}



Please note that what’s written above is the exact copy of the current ASN.1 definitions for the IE “UE radio access capability extension”, except for few naming and “RadioFrequencyBandFDD2”.  Also, there is an additional IE to indicate the necessity of compressed mode when performing inter-frequency measurement in between any of the bands defined in “RadioFrequencyBandFDD” and any of the bands defined in “RadioFrequencyBandFDD2”, for the measurement capability for the bands defined in “RadioFrequncyBandFDD”.

Another concern here is the number of spare values.  In the above example, same number of spare values are prepared as R99, but it needs to be discussed whether this is sufficient or not.

2.2. Frequency Band Indicator

This feature is added from Rel-6, to allow the UE to differentiate multiple frequency bands whose frequencies are overlapping.  Since SIB5bis is already being used in Band IV, we cannot use “new SIB” approach to differentiate existing band and new frequency bands.  Therefore, it is proposed to simply add a non-critical extension to SIB5, SIB5bis, and SIB6, as follows.  Note that the proposal below is applicable to extending the value as described in TR25.921, as well as section 2.1 of this discussion paper.  

	SysInfoType5 ::=




SEQUENCE {



sib6indicator




BOOLEAN,


-- Physical channel IEs



pich-PowerOffset



PICH-PowerOffset,



modeSpecificInfo



CHOICE {




fdd







SEQUENCE {





aich-PowerOffset



AICH-PowerOffset




},




tdd







SEQUENCE {


-- If PDSCH/PUSCH is configured for 1.28Mcps TDD, the following IEs should be absent


--   and the info included in the tdd128SpecificInfo instead.


-- If PDSCH/PUSCH is configured for 3.84Mcps TDD in R5, HCR-r5-SpecificInfo should also be 


-- included. 





pusch-SysInfoList-SFN


PUSCH-SysInfoList-SFN

OPTIONAL,





pdsch-SysInfoList-SFN


PDSCH-SysInfoList-SFN

OPTIONAL,





openLoopPowerControl-TDD

OpenLoopPowerControl-TDD




}



},



primaryCCPCH-Info



PrimaryCCPCH-Info




OPTIONAL,



prach-SystemInformationList

PRACH-SystemInformationList,



sCCPCH-SystemInformationList
SCCPCH-SystemInformationList,



-- cbs-DRX-Level1Information is conditional on any of the CTCH indicator IEs in



-- sCCPCH-SystemInformationList



cbs-DRX-Level1Information

CBS-DRX-Level1Information


OPTIONAL,


-- Extension mechanism for non- release99 information



v4b0NonCriticalExtensions

SEQUENCE {



sysInfoType5-v4b0ext


SysInfoType5-v4b0ext-IEs

OPTIONAL,



-- Extension mechanism for non- rel-4 information




v590NonCriticalExtensions
SEQUENCE {




sysInfoType5-v590ext


SysInfoType5-v590ext-IEs

OPTIONAL,




v5xyNonCriticalExtensions

SEQUENCE {





sysInfoType5-v5xyext


SysInfoType5-v5xyext-IEs

OPTIONAL,





nonCriticalExtensions


SEQUENCE {}





OPTIONAL




}






OPTIONAL



}






OPTIONAL


}






OPTIONAL

}

SysInfoType5-v4b0ext-IEs ::= SEQUENCE {


--The following IE PNBSCH-Allocation-r4 shall be used for 3.84Mcps TDD only.


pNBSCH-Allocation-r4 


PNBSCH-Allocation-r4


OPTIONAL,


-- In case of TDD, the following IE is included instead of the


-- IE up-IPDL-Parameter in up-OTDOA-AssistanceData.


openLoopPowerControl-IPDL-TDD
OpenLoopPowerControl-IPDL-TDD-r4
OPTIONAL,

-- If SysInfoType5 is sent to describe a 1.28Mcps TDD cell, the IE PRACH-RACH-Info included in

-- PRACH-SystemInformationList shall be ignored, the IE PRACH-Partitioning and the 

-- IE rach-TransportFormatSet shall be absent and the corresponding IE in the following 

-- PRACH-SystemInformationList-LCR-r4 shall be used


prach-SystemInformationList-LCR-r4
PRACH-SystemInformationList-LCR-r4
OPTIONAL, 

tdd128SpecificInfo



SEQUENCE {



pusch-SysInfoList-SFN


PUSCH-SysInfoList-SFN-LCR-r4
OPTIONAL,



pdsch-SysInfoList-SFN


PDSCH-SysInfoList-SFN-LCR-r4
OPTIONAL,



pCCPCH-LCR-Extensions


PrimaryCCPCH-Info-LCR-r4-ext
OPTIONAL,



sCCPCH-LCR-ExtensionsList

SCCPCH-SystemInformationList-LCR-r4-ext


}















OPTIONAL,


frequencyBandIndicator


RadioFrequencyBandFDD


OPTIONAL

}

SysInfoType5-v590ext-IEs ::= SEQUENCE {


hcr-r5-SpecificInfo



SEQUENCE {



pusch-SysInfoList-SFN


PUSCH-SysInfoList-SFN-HCR-r5
OPTIONAL,



pdsch-SysInfoList-SFN


PDSCH-SysInfoList-SFN-HCR-r5
OPTIONAL


}
















OPTIONAL

}

SysInfoType5-v5xyext-IEs ::= SEQUENCE {


frequencyBandIndicator2


RadioFrequencyBandFDD2


OPTIONAL
}

-- SysInfoType5bis uses the same structure as SysInfoType5

SysInfoType5bis ::= SysInfoType5

SysInfoType6 ::=




SEQUENCE {


-- Physical channel IEs



pich-PowerOffset



PICH-PowerOffset,



modeSpecificInfo



CHOICE {




fdd







SEQUENCE {





aich-PowerOffset



AICH-PowerOffset,





-- dummy is not used in this version of specification, it should





-- not be sent and if received it should be ignored.





dummy






CSICH-PowerOffset


OPTIONAL




},




tdd







SEQUENCE {





-- If PDSCH/PUSCH is configured for 1.28Mcps TDD, pusch-SysInfoList-SFN,





-- pdsch-SysInfoList-SFN and openLoopPowerControl-TDD should be absent





-- and the info included in the tdd128SpecificInfo instead.





-- If PDSCH/PUSCH is configured for 3.84Mcps TDD in R5, HCR-r5-SpecificInfo should 





-- also be included.





pusch-SysInfoList-SFN


PUSCH-SysInfoList-SFN

OPTIONAL,





pdsch-SysInfoList-SFN


PDSCH-SysInfoList-SFN

OPTIONAL,





openLoopPowerControl-TDD

OpenLoopPowerControl-TDD




}



},



primaryCCPCH-Info



PrimaryCCPCH-Info




OPTIONAL,



prach-SystemInformationList

PRACH-SystemInformationList


OPTIONAL,



sCCPCH-SystemInformationList
SCCPCH-SystemInformationList

OPTIONAL,



cbs-DRX-Level1Information

CBS-DRX-Level1Information


OPTIONAL,



-- Conditional on any of the CTCH indicator IEs in



-- sCCPCH-SystemInformationList


-- Extension mechanism for non- release99 information



v4b0NonCriticalExtensions

SEQUENCE {



sysInfoType6-v4b0ext


SysInfoType6-v4b0ext-IEs

OPTIONAL,



-- Extension mechanism for non- rel-4 information




v590NonCriticalExtensions
SEQUENCE {




sysInfoType6-v590ext


SysInfoType6-v590ext-IEs

OPTIONAL,




v5xynonCriticalExtensions

SEQUENCE {






sysInfoType6-v5xyext


SysInfoType6-v5xyext-IEs

OPTIONAL,





nonCriticalExtensions


SEQUENCE {}





OPTIONAL





}






OPTIONAL



}






OPTIONAL


}






OPTIONAL

}

SysInfoType6-v4b0ext-IEs ::= SEQUENCE {


-- openLoopPowerControl-IPDL-TDD is present only if IPDLs are applied for TDD


openLoopPowerControl-IPDL-TDD
OpenLoopPowerControl-IPDL-TDD-r4
OPTIONAL,


-- If SysInfoType6 is sent to describe a 1.28Mcps TDD cell, the IE PRACH-RACH-Info included


-- in PRACH-SystemInformationList shall be ignored, the IE PRACH-Partitioning and the 


-- IE rach-TransportFormatSet shall be absent and the corresponding IEs in the following 


-- PRACH-SystemInformationList-LCR-r4 shall be used


prach-SystemInformationList-LCR-r4
PRACH-SystemInformationList-LCR-r4
OPTIONAL, 

tdd128SpecificInfo



SEQUENCE {



pusch-SysInfoList-SFN


PUSCH-SysInfoList-SFN-LCR-r4
OPTIONAL,



pdsch-SysInfoList-SFN


PDSCH-SysInfoList-SFN-LCR-r4
OPTIONAL,



pCCPCH-LCR-Extensions


PrimaryCCPCH-Info-LCR-r4-ext
OPTIONAL,



sCCPCH-LCR-ExtensionsList

SCCPCH-SystemInformationList-LCR-r4-ext
OPTIONAL


}















OPTIONAL,


frequencyBandIndicator


RadioFrequencyBandFDD


OPTIONAL

}

SysInfoType6-v590ext-IEs ::= SEQUENCE {


hcr-r5-SpecificInfo



SEQUENCE {



pusch-SysInfoList-SFN


PUSCH-SysInfoList-SFN-HCR-r5
OPTIONAL,



pdsch-SysInfoList-SFN


PDSCH-SysInfoList-SFN-HCR-r5
OPTIONAL


}
















OPTIONAL

}

SysInfoType6-v5xyext-IEs ::= SEQUENCE {


frequencyBandIndicator2


RadioFrequencyBandFDD2


OPTIONAL
}




2.3. RRC Connection Setup Complete & UE Capability Information

Given the discussion in section 2.1, these two UL messages also need to be extended.  Unfortunately, it is not desirable to extend these messages with Rel-7 non-critical extensions.  First of all, it could take some time before Rel-6 ASN.1 is frozen, when stage-3 work for Rel-6 features is still in progress, and addition of new UE capabilities are expected for those features.  Also, up to Band VI, the UEs were not required to send UE capabilities for future releases, other than the spare values for frequency bands.  (For example, the UEs that support Band IV~IV were not even required to send option flag for UE capabilities for Rel-5 features.)  

One solution is to use  VLEC.  Using this method, even the UEs that primarily support R99 protocol are required to send only R99 non-critical extensions:

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

--

-- RRC CONNECTION SETUP COMPLETE

--

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

RRCConnectionSetupComplete ::= SEQUENCE {


-- TABULAR: Integrity protection shall not be performed on this message.


-- User equipment IEs



rrc-TransactionIdentifier

RRC-TransactionIdentifier,



startList





STARTList,



ue-RadioAccessCapability

UE-RadioAccessCapability


OPTIONAL,


--
Other IEs



ue-RATSpecificCapability

InterRAT-UE-RadioAccessCapabilityList
OPTIONAL,


-- Non critical extensions



v370NonCriticalExtensions


SEQUENCE {




rrcConnectionSetupComplete-v370ext
RRCConnectionSetupComplete-v370ext,




v380NonCriticalExtensions


SEQUENCE {





rrcConnectionSetupComplete-v380ext
RRCConnectionSetupComplete-v380ext-IEs,





-- Reserved for future non critical extension





v3a0NonCriticalExtensions


SEQUENCE {






rrcConnectionSetupComplete-v3a0ext
RRCConnectionSetupComplete-v3a0ext-IEs,






laterNonCriticalExtensions


SEQUENCE {







-- Container for additional R99 extensions







rrcConnectionSetupComplete-r3-add-ext

BIT STRING









(CONTAINING RRCConnectionSetupComplete-r3-add-ext-IEs)
OPTIONAL,







v3g0NonCriticalExtensions


SEQUENCE {








rrcConnectionSetupComplete-v3g0ext
RRCConnectionSetupComplete-v3g0ext-IEs,








v4b0NonCriticalExtensions


SEQUENCE {









rrcConnectionSetupComplete-v4b0ext

















RRCConnectionSetupComplete-v4b0ext-IEs,









v590NonCriticalExtensions


SEQUENCE {










rrcConnectionSetupComplete-v590ext

















RRCConnectionSetupComplete-v590ext-IEs,










nonCriticalExtensions



SEQUENCE {}

OPTIONAL








}

OPTIONAL








}

OPTIONAL







}

OPTIONAL






}

OPTIONAL





}

OPTIONAL




}

OPTIONAL



}

OPTIONAL

}

RRCConnectionSetupComplete-r3-add-ext-IEs ::= SEQUENCE {


rrcConnectionSetupComplete-v5xyext

RRCConnectionSetupComplete-v5xyext-IEs
OPTIONAL,



nonCriticalExtensions


SEQUENCE {}

OPTIONAL
}
RRCConnectionSetupComplete-v5xyext-IEs ::= SEQUENCE {


-- User equipment IEs



ue-RadioAccessCapability-v5xyext

UE-RadioAccessCapability-v5xyext

}
UE-RadioAccessCapability-v5xyext ::=
SEQUENCE {


ue-RadioAccessCapabBandFDDList2

UE-RadioAccessCapabBandFDDList2,
-- This IE shall be included if the UE supports Band I-VIII
ue-RadioAccessCapabBandFDDList-ext  UE-RadioAccessCapabBandFDDList-ext OPTIONAL
}
-- ***************************************************

--

-- UE CAPABILITY INFORMATION

--

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

UECapabilityInformation ::= SEQUENCE {


-- User equipment IEs



rrc-TransactionIdentifier

RRC-TransactionIdentifier


OPTIONAL,



ue-RadioAccessCapability

UE-RadioAccessCapability


OPTIONAL,


-- Other IEs



ue-RATSpecificCapability

InterRAT-UE-RadioAccessCapabilityList



OPTIONAL,



v370NonCriticalExtensions


SEQUENCE {




ueCapabilityInformation-v370ext
UECapabilityInformation-v370ext,




v380NonCriticalExtensions


SEQUENCE {





ueCapabilityInformation-v380ext

UECapabilityInformation-v380ext-IEs,





v3a0NonCriticalExtensions


SEQUENCE {






ueCapabilityInformation-v3a0ext

UECapabilityInformation-v3a0ext-IEs,






laterNonCriticalExtensions


SEQUENCE {







-- Container for additional R99 extensions







ueCapabilityInformation-r3-add-ext

BIT STRING

(CONTAINING RRCConnectionSetupComplete-r3-add-ext-IEs)
OPTIONAL,







-- Reserved for future non critical extension







v4b0NonCriticalExtensions


SEQUENCE {








ueCapabilityInformation-v4b0ext

UECapabilityInformation-v4b0ext,








v590NonCriticalExtensions


SEQUENCE {









ueCapabilityInformation-v590ext

UECapabilityInformation-v590ext,









nonCriticalExtensions



SEQUENCE {}

OPTIONAL







}

OPTIONAL







}

OPTIONAL






}

OPTIONAL





}

OPTIONAL




}

OPTIONAL



}

OPTIONAL
}

UECapabilityInformation-r3-add-ext-IEs ::= SEQUENCE {



ueCapabilityInformation-v5xyext

UECapabilityInformation-v5xyext-IEs

OPTIONAL,



nonCriticalExtensions



SEQUENCE {}

OPTIONAL

}
UECapabilityInformation-v5xyext-IEs ::= SEQUENCE {



ue-RadioAccessCapability-v5xyext

UE-RadioAccessCapability-v5xyext 

}



The other way is to add this as an Rel-5 non-critical extensions.  It’s possible to say that this is in line with what was done with Frequency Band Indicator in section 2.2.

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

--

-- RRC CONNECTION SETUP COMPLETE

--

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

RRCConnectionSetupComplete ::= SEQUENCE {


-- TABULAR: Integrity protection shall not be performed on this message.


-- User equipment IEs



rrc-TransactionIdentifier

RRC-TransactionIdentifier,



startList





STARTList,



ue-RadioAccessCapability

UE-RadioAccessCapability


OPTIONAL,


--
Other IEs



ue-RATSpecificCapability

InterRAT-UE-RadioAccessCapabilityList
OPTIONAL,


-- Non critical extensions



v370NonCriticalExtensions


SEQUENCE {




rrcConnectionSetupComplete-v370ext
RRCConnectionSetupComplete-v370ext,




v380NonCriticalExtensions


SEQUENCE {





rrcConnectionSetupComplete-v380ext
RRCConnectionSetupComplete-v380ext-IEs,





-- Reserved for future non critical extension





v3a0NonCriticalExtensions


SEQUENCE {






rrcConnectionSetupComplete-v3a0ext
RRCConnectionSetupComplete-v3a0ext-IEs,






laterNonCriticalExtensions


SEQUENCE {







-- Container for additional R99 extensions







rrcConnectionSetupComplete-r3-add-ext

BIT STRING

OPTIONAL,







v3g0NonCriticalExtensions


SEQUENCE {








rrcConnectionSetupComplete-v3g0ext
RRCConnectionSetupComplete-v3g0ext-IEs,








v4b0NonCriticalExtensions


SEQUENCE {









rrcConnectionSetupComplete-v4b0ext

















RRCConnectionSetupComplete-v4b0ext-IEs,









v590NonCriticalExtensions


SEQUENCE {










rrcConnectionSetupComplete-v590ext

















RRCConnectionSetupComplete-v590ext-IEs,










v5xyNonCriticalExtensions

SEQUENCE {












rrcConnectionSetupComplete-v5xyext

















RRCConnectionSetupComplete-v5xyext-IEs,












nonCriticalExtensions



SEQUENCE {}

OPTIONAL









}

OPTIONAL








}

OPTIONAL








}

OPTIONAL







}

OPTIONAL






}

OPTIONAL





}

OPTIONAL




}

OPTIONAL



}

OPTIONAL

}

RRCConnectionSetupComplete-v5xyext-IEs ::= SEQUENCE {


-- User equipment IEs



ue-RadioAccessCapability-v5xyext

UE-RadioAccessCapability-v5xyext

OPTIONAL

}
UE-RadioAccessCapability-v5xyext ::=
SEQUENCE {


ue-RadioAccessCapabBandFDDList2

UE-RadioAccessCapabBandFDDList2,
-- This IE shall be included if the UE supports Band I-VIII

ue-RadioAccessCapabBandFDDList-ext  UE-RadioAccessCapabBandFDDList-ext OPTIONAL

}
-- ***************************************************

--

-- UE CAPABILITY INFORMATION

--

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

UECapabilityInformation ::= SEQUENCE {


-- User equipment IEs



rrc-TransactionIdentifier

RRC-TransactionIdentifier


OPTIONAL,



ue-RadioAccessCapability

UE-RadioAccessCapability


OPTIONAL,


-- Other IEs



ue-RATSpecificCapability

InterRAT-UE-RadioAccessCapabilityList



OPTIONAL,



v370NonCriticalExtensions


SEQUENCE {




ueCapabilityInformation-v370ext
UECapabilityInformation-v370ext,




v380NonCriticalExtensions


SEQUENCE {





ueCapabilityInformation-v380ext

UECapabilityInformation-v380ext-IEs,





v3a0NonCriticalExtensions


SEQUENCE {






ueCapabilityInformation-v3a0ext

UECapabilityInformation-v3a0ext-IEs,






laterNonCriticalExtensions


SEQUENCE {







-- Container for additional R99 extensions







ueCapabilityInformation-r3-add-ext

BIT STRING

OPTIONAL,







-- Reserved for future non critical extension







v4b0NonCriticalExtensions


SEQUENCE {








ueCapabilityInformation-v4b0ext

UECapabilityInformation-v4b0ext,








v590NonCriticalExtensions


SEQUENCE {









ueCapabilityInformation-v590ext

UECapabilityInformation-v590ext,









v5xyNonCriticalExtensions


SEQUENCE {









ueCapabilityInformation-v5xyext

UECapabilityInformation-v5xyext,









nonCriticalExtensions



SEQUENCE {}

OPTIONAL








}

OPTIONAL







}

OPTIONAL







}

OPTIONAL






}

OPTIONAL





}

OPTIONAL




}

OPTIONAL



}

OPTIONAL
}

UECapabilityInformation-v5xyext ::= SEQUENCE {



ue-RadioAccessCapability-v5xyext

UE-RadioAccessCapability-v5xyext

OPTIONAL
}




3. Proposals
To summarize the issues to be decided:

1) When extending the UE capability, should the method described in TR25.921 be used, or straightforward correction is acceptable?

2) How many spare values should be prepared for the new IE to signal new frequency bands?
3) Should VLEC, or Rel-5 Non-critical extension be used to indicate UE capabilities for the new frequency bands?

RAN2 is kindly requested to discusses the issues above. Whatever the outcome of the discussion, NTT DoCoMo will be happy to draft the formal CR on this subject.

