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1. Background
This paper discusses the need for adding late non-critical extensions in the RRC spec.
2	Review of the usage of late non-critical extensions in LTE and NR RRC
This section gives several examples on late non-critical extension has been done in the legacy, for both LTE and NR RRC spec. 
2.1	Example 1 in LTE RRCConnectionReconfiguration
In LTE RRC message RRCConnectionReconfiguration, the following has been done for R12 when a late non-critical extension for the first time at the time of R10 for the R8 spec of the version v8.m.0, when the field antennaInfoDedicatedPCell-v10i0 was added. It can be observed that the following has been done
· Since there was no field for late non-critical extension defined in R8 spec, a non-critical extension has been defined which includes a field for late non-critical extension, as can be seen in green
· For the introduction of the field antennaInfoDedicatedPCell-v10i0, 
· a container for late non-critical extension before the RRC version before R10 was introduced as in cyan in RRCConnectionReconfiguration-v8m0. Note that the field antennaInfoDedicatedPCell-v10i0 was not added to RRCConnectionReconfiguration-v8m0. 
· the field antennaInfoDedicatedPCell-v10i0 is added to the spec via non-critical extension as in yellow.
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Observation1: The issue in Example1 is that it is not clear why we need to add an inter-mediate container RRCConnectionReconfiguration-v8m0 for adding the R10 field antennaInfoDedicatedPCell-v10i0.
2.2	Example 2 in LTE RRCConnectionRelease
Another example in the LTE RRC is for the case of RRC message RRCConnectionRelease. Similar to the case of RRCConnectionReconfiguration, a late non-critical extension container was defined by a non-critical extension. But the difference is that there is no container defined for late non-critical extension before the RRC version v9.e.0 was introduced
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Observation2: The issue in the example2 is that there is no container defined for late non-critical extension before the RRC version v9.e.0 was introduced

2.3	Exmaple 3 in NR UE MR-DC-Capability
In this example, we see a similar case in example 1 that a container for the late non-critical extension for the RRC versions before the late non-critical extension was introduced, as in cyan. 
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2.4	Example 4 in UE-NR-capability
In this example. For the first extension in the type UE-NR-Capability-v15c0 for adding the field nrdc-Parameters-v15c0 and partialFR2-FallbackRX-Req, the extension was added without a container for the RRC releases before v15.c.0. Then, in the late non-critical extension in UE-NR-Capability-v15j0, a container was added for Rel-15 late non-critical extension. But it should be noted that this container cannot cover for the late non-critical extensions before RRC version v15.g.0.
From our point of view, this example is problematic in the sense that if a late non-critical extension for the RRC version before v15.g.0, it cannot be done. 
[image: ]
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Observation3: The same issue as in Example2 applies for Example4 that if a late non-critical extension for the RRC version before v15.g.0, it cannot be done
3	Discussions
Based on the examples above, it can be seen that there is a lack of consistency within the way that late non-critical extension is added. The main issues in the current spec (LTE and NR) are as follows:
· Issue#1: A container is not reserved for the RRC Releases earlier than the version where late non-critical extension is made, as in Example2, 3 and 4
· Issue#2: An itermediate container was introduced in v8.m.0 as in Example1. But it is not clear why this is needed
Currently, the description for the usage of late-non-critical extension is missing in the section of general guideline for ASN.1. However, in R18 or in the future release, late non-critical exntesion might appear more often when the ASN1 for the legacy R15-R17 releases need to be extended.
Proposal: Add guideline for late non-critical extension in RRC by TEI18. Agree to the CR in the Annex A.
· Do not add intermediate container when the late non-critical extension is first introduced
· Reserve a container for the RRC releases earlier that the version when the late non-critical extension is introduced
Proposal2: RAN2 to discuss whether and how to address the issue in the current spec that container for late non-critical extension has not been reserved for the earlier RRC releases when late non-critical extension is introduced.
4	Conclusions
The following observation are made for the examples in the current LTE and NR RRC specs:
Observation1: The issue in Example1 is that it is not clear why we need to add an inter-mediate container RRCConnectionReconfiguration-v8m0 for adding the R10 field antennaInfoDedicatedPCell-v10i0.
Observation2: The issue in the example2 is that there is no container defined for late non-critical extension before the RRC version v9.e.0 was introduced
Observation3: The same issue as in Example2 applies for Example4 that if a late non-critical extension for the RRC version before v15.g.0, it cannot be done
The following proposal is made with the discussions above.
Proposal1: Add guideline for late non-critical extension in RRC by TEI18. Agree to the CR in the Annex A.
· Do not add intermediate container when the late noncritical extension is first introduced
· Reserve a container for the RRC releases earlier that the version when the late non-critical extension is introduced
Proposal2: RAN2 to discuss whether and how to address the issue in the current spec that container for late non-critical extension has not been reserved for the earlier RRC releases when late non-critical extension is introduced.
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[bookmark: _Toc60777669][bookmark: _Toc156130987]================================================CHANGE BEGINS==============================================================
A.4.3	Non-critical extension of messages
[bookmark: _Toc60777670][bookmark: _Toc156130988]A.4.3.1	General principles
The mechanisms to extend a message in a non-critical manner are defined in A.3.3. W.r.t. the use of extension markers, the following additional guidelines apply:
-	When further non-critical extensions are added to a message that has been critically extended, the inclusion of these non-critical extensions in earlier critical branches of the message should be avoided when possible.
-	The extension marker ("...") is the primary non-critical extension mechanism that is used but empty sequences may be used if length determinant is not required. Examples of cases where a length determinant is not required:
-	at the end of a message;
-	at the end of a structure contained in a BIT STRING or OCTET STRING.
-	When an extension marker is available, non-critical extensions are preferably placed at the location (e.g. the IE) where the concerned parameter belongs from a logical/ functional perspective (referred to as the 'default extension location').
-	It is desirable to aggregate extensions of the same release or version of the specification into a group, which should be placed at the lowest possible level.
-	In specific cases it may be preferable to place extensions elsewhere (referred to as the 'actual extension location') e.g. when it is possible to aggregate several extensions in a group. In such a case, the group should be placed at the lowest suitable level in the message.
-	In case placement at the default extension location affects earlier critical branches of the message, locating the extension at a following higher level in the message should be considered.
-	In case an extension is not placed at the default extension location, an IE should be defined. The IE's ASN.1 definition should be placed in the same ASN.1 clause as the default extension location. In case there are intermediate levels in-between the actual and the default extension location, an IE may be defined for each level. Intermediate levels are primarily introduced for readability and overview. Hence intermediate levels need not always be introduced e.g. they may not be needed when the default and the actual extension location are within the same ASN.1 clause.
-	In case a type needs to be extended, but the release or version of the new field is earlier than the latest existing extension via non-critical extension, the new field should be added via late non-critical extension.
===============================================NEXT CHANGE==================================================================
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Further to the general principles defined in the previous clause, the following additional guidelines apply regarding the use of extension markers:
-	Extension markers within SEQUENCE
-	Extension markers are primarily, but not exclusively, introduced at the higher nesting levels
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]-	Extension markers are introduced for a SEQUENCE comprising several fields as well as for information elements whose extension would result in complex structures without it (e.g. re-introducing another list)
-	Extension markers are introduced to make it possible to maintain important information structures e.g. parameters relevant for one particular RAT
-	Extension markers are also used for size critical messages (i.e. messages on BCCH, BR-BCCH, PCCH and CCCH), although introduced somewhat more carefully
-	The extension fields introduced (or frozen) in a specific version of the specification are grouped together using double brackets.
-	Extension markers within ENUMERATED
-	Spare values are used until the number of values reaches the next power of 2, while the extension marker caters for extension beyond that limit
-	A suffix of the form "vXYZ" is used for the identifier of each new value, e.g. "value-vXYZ".
-	Extension markers within CHOICE:
-	Extension markers are introduced when extension is foreseen and when comprehension is not required by the receiver i.e. behaviour is defined for the case where the receiver cannot comprehend the extended value (e.g. ignoring an optional CHOICE field). It should be noted that defining the behaviour of a receiver upon receiving a not comprehended choice value is not required if the sender is aware whether or not the receiver supports the extended value.
-	A suffix of the form "vXYZ" is used for the identifier of each new choice value, e.g. "choice-vXYZ".
Non-critical extensions at the end of a message/ of a field contained in an OCTET or BIT STRING:
-	When a nonCriticalExtension or lateNonCriticalExtension  is actually used, a "Need" statement should not be provided for the field, which always is a group including at least one extension and a field facilitating further possible extensions. For simplicity, it is recommended not to provide a "Need" statement when the field is not actually used either.
Further, more general, guidelines:
-	In case a need statement is not provided for a group, a "Need" statement is provided for all individual extension fields within the group i.e. including for fields that are not marked as OPTIONAL. The latter is to clarify the action upon absence of the whole group.
================================================NEXT CHANGE==================================================================
A.4.3.x	Example of late non-critical extensions
The following example illustrates the case when late non-critical extension should be used. 
Field extensions field5-r17 and field6-r17 are needed during the R17 discussion upon the RRC version v17.2.0 version and v17.m.0, respectively. But for typeName1-r15-IEs, an extension has already been defined upon RRC version v16.4.0 via non-critical extension in TypeName1-v1640-IEs. In this case, the following change should be made:
-	First, a new type with TypeName1-v1720-IEs needs to be defined for the late non-critical extension of the field field5-r17. Within the type, a container needs to be defined for the late non-critical extension between RRC version v15.0.0 (i.e., the initial version of the RRC spec) and version v17.2.0 (the version of the RRC specification at the time when the new field field5-r17 needs to be added)
-	Then, the new field field6-r17 shall be added by the non-critical extension of the type TypeName1-17m0 via normal non-critical extension. Within the type TypeName1-v17m0-IEs, container for the late non-critical extensions between RRC version v17.2.0 and v17.m.0 needs to be defined. Another container for late non-critical extension for future RRC releases is needed as well. 
-- /example/ ASN1START

TypeName1-r15-IEs ::=           SEQUENCE {
    field1                          InformationElement1,
    field2                          InformationElement2,
    field3                          InformationElement3                                             OPTIONAL,   -- Need N
    lateNonCriticalExtension        OCTET STRING (CONTAINING TypeName1-v1720-IEs)                    OPTIONAL,
    nonCriticalExtension            TypeName1-v1640-IEs	                                            OPTIONAL
}

-- Regular non-critical extensions
TypeName1-v1640-IEs ::=         SEQUENCE {
    field4-r16                     InformationElement4-r16                                           OPTIONAL,   -- Need S
    nonCriticalExtension            SEQUENCE {}                                                      OPTIONAL
}

-- Late non-critical extensions
TypeName1-v1720-IEs ::=         SEQUENCE {
    field5-r17                           InformationElement5-r17                                     OPTIONAL,
-- The following field is used for late non-critical extensions between RRC version v15.0.0 and v17.2.0
    lateNonCriticalExtension        OCTET STRING                                                     OPTIONAL,   -- Need R
    nonCriticalExtension            TypeName1-v17m0                                                  OPTIONAL
}

TypeName1-v17m0-IEs ::=        SEQUENCE {
    field6-r17                          InformationElement6-r17                                      OPTIONAL,  -- Need R
-- The following field is used for the late non-critical extension between RRC version v17.2.0 and v17.m.0 
    lateNonCriticalExtension        OCTET STRING                                                     OPTIONAL,
-- The following field is used for the late non-critical extension after RRC version v17.m.0. NOTE: this comment needs to be removed after the following field is used for late non-critical extension
    nonCriticalExtension            SEQUENCE {}
}


-- ASN1STOP
=================================================END OF CHANGE===============================================================
image2.png
RRCConnectionRelease ::= » -+ SEQUENCE {
rro-Trenssctionldentifier » -+ - RRC-TransactionIdent:
criticalExtensions= - -+ - = CHOICE [
Sels s s s s s s s+ CHOICE(
- rrcComnectionRelease-ris - - - RRCCommectionRelease-ri-IEs,
- spare3-NULL, -spare2 -NULL, -sparel -NULL

i
criticalExtensionsFuture » = - SEQUENCE (]

}

RRCConnectionRelease-ra-IEs
5 releaseCauze - -+ - -
- redirectedCarrierl:
> idleliodeliobilityControlnfos
- nonCriticalExtension -+ -

SEQUENCE -(
- ReleaseCause,

- RedirectedCarrierInfo » + -+ - OPTIONAL, -
- IdleModeMobilityControllnfo » - OPTIONAL, -
RRCConnectionRelease-va30-TEs » = OPTIONAL

- - Need oN

Need -0F:

}

RRCConnectionRelease-va30-IEs SEQUENCE -(
- lateNonCriticalExtensiom + = OCTET -STRING- (CONTAINING RRCComnectionRelease-v9e0-IEs)
- OPTIONAL,

- nonCriticalfxtension » = - RRCComnectionRelease-v920-TEs - - OPTIONAL:

}

—— Late non critical extensions
RRCConnectionRelease-vde0-IEs ::= SEQUENCE [

- redirectedCarrierInfo-v9ed - - RedirectedCarrierInfo-vieQ= -+ - OPTIONAL, -
NeRegizect_ra,

5 idleModeliobi 1 tyControl Info-viedidl elisdeliohi1i tyControl Info-voeiOPTIONAL, 5~ Cond
IdleTnfoEUTRA:

- nonCrivicalExtension + - - SEQUENCE-(}+ » -+ = = = - OPTIONAL

}

cond





image3.png
UE-MADC-Capabilisy i SEQUENCE -(

iy PazameseroHRDC 1530 e ————— oprrouL,
e -ads- TR RDE Coporsseacs S P oprromaL,
E——— SEQUENCE (5122 (1. mexFaseurasesConbinssions]) OF FassuresesCombinssion oprrouL,
dep-azamacersiRDC- 1530 e oprrouL,
TaveionCrisicalEasension GCTET STAING. (COTATNING TE-MRDC-Capabalisy-+150) oprrouaL,

S o e—— seauence -
e (OCEET STAING - (COTATNING UECapabicyPaquisy-v1560-12s) oprrouL,
»
DEnMRDC-Capabeliey-r1610 1= seauence -
o ————) e ———] oprrouaL,
»
DEnMRDC-Capabesey-r1700 seauence -
»
DEnMRDC-Capabs1sey 1730 1 1= seauence -
»
DEnRC-Capabesey-r1s00 sequence -
P S — e —
By sequence ) oprrouaL:

DEnMRDC-Capabe sy r1sq0 1= seauence -
»
DEnEDC-Capabesey-r1sa0 seauence -




image4.png
UE-NR-Capability-::= ‘SEQUENCE - {¢

sccessScratumRelesse AccessStravumRelease, ¢
pacp-paranecers PDCP-Paramevers,

rle-Parameters RLC-Parametars OPTIONAL, ¢
mac-Parameters MAC-Parametars opTIONAL, ¢
Phy-Paranecers Phy-Paramevers,

-Parameters RE-Paramecers, ¢

meashndonRaranstars MeashndMonparenstars OPTIONAL, ¢
£44-Rdd-UE-NR-Capabilivies DE-NR-CapabilityAddNoD-Made opTIONAL, ¢
©dd-Rdd-UE-NR-Capabilivies DE-NR-CapabilityAddXoD-Mads OPTIONAL, ¢
£rl-Rdd-UE-NR-Capabilivies DE-NR-CapabilityAddER -Mode opTIONAL, ¢
£r2-Rdd-UE-NR-Capabilivies DB -NR-CapabilityAddER Made opTIONAL, ¢
featuresers Featuresecs OPTIONAL, ¢
featuresecCorbinavions SEQUENCE - (STZE - (1. .maxFeatureSecCorbinavions) ) -OF -FeatureSecCombinavion OPTIONAL, &

laceNonCrivicalExtension (OCTET STRING - (CONTAINING -VE-NR-Capabilicy-v1se0) opTIONAL, &
nenCriticalSxtension DE-NR-Capabilicy-v1530 oPTIONALY




image5.png
Late non-critical-Rel-15 extensions:&

DE-NR-Capabilicy-v1sed

SEQUENCE -{¢
£ Paramecers-visgd

RE-parameters-visgd

opTIONAL, &
nenCriticalSxtension DE-NR-Capabilicy-v1550 oPTIONALY
1o
UE-NR-Capability-v1si0 sim sequewce -
ollowing -field-is-only late non-crivical -extensionse

LaceNonCrivicalExtension oc1eT sTRING opTIONAL, <

nenCriticalSxtension DE-NR-Capabilicy-vlgad opTIONAL”
[




image1.png
RRCConnectionReconfiguration-rs-1gs
- measConfigs » -+ = =
mobilityControllnfos »
dedicatedInfoNRSList » -
radicResourceConfighedicated:
securityConfigho + -+ -
neRCriticalfxtension 2. 2.

SEQUENCE -(

- MeasConfigs » =+ = = - OPTIONAL,
- MobilityControllnfos = = - OPTIONAL,
SEQUENCE - (SIZE (1. .maxDRE) ) -OF:

5+ DedicaredInfoNES » = - OPTIONAL, - - -Cond nonfio:
RadioResourceConigDedicatedOPTIONAL, —- Cond HO-COEUTRA

- SecurityConfigho » = = - OPTIONAL, - - -Cond HO-COEEC
RRGCennectionReconsiquration-va30-1Es. . OPTIONAL

T
T

i

RRCConnectionReconfiguration-va90-1s - := -SEQUENCE -{

- nonCriticalExtension + - - RRCCommectionReconfiguration-v920-TEs -+ OPTIONAL

}

Late non-critical extensions:
RRCCamecrionReconSiguerion-van0- 52 - SEQUENCE |

- nonCriticalExtension + - - RRCCommectionReconfiguration-vi0i0-TEs - OPTIONAL

}

RRCConnectionReconfiguration-v10i0-Is - ;= -SEQUENCE - {
- nonCriticalExtension + - - RRCCommectionReconfiguration-v010-TEs-+ - OPTIONAL

}

RRCConnectionReconfiguration-v1010-TEs -: :=-SEQUENCE -{
- mobilityControllnfo-vi0l0 = = = MobilityControlInfo-vi0l0 » -+ - OPTIONAL,
SCellToRddModList-v010+ » ~ SCellToddModlList-vi0l0s » -+ OPTIONAL, + —— Need ON
~— Following field is only forlate non-critical extensions -from REL-10-to REL-11;
latelonCriticalExtension + & OCIEI STRING + = = & = o OPTIONAL,

nonCriticalExtension + -+ -+ RRCConnectionReconfiguration-vi2f0-IEs- - OPTIONAL





