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1	Introduction
LTE RRC has almost never used critical extensions of messages to avoid the complexities of dealing with UEs that support different versions of the messages. However, since NR has some different use cases which may require optimization (e.g. below 6 GHz vs. above 6 GHz bands, NR vs. LTE-NR), this could be further discussed.
2	Critical extensions in RRC
2.1	LTE RRC message extensions 
For extendibility purposed, LTE RRC has prepared for critical extensions of almost any messages, as shown by the example of RRCConnectionReconfiguration -message below (only the basic structure shown):
	CounterCheck message
-- ASN1START

RRCConnectionReconfiguration ::=	SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		c1									CHOICE{
			rrcConnectionReconfiguration-r8		RRCConnectionReconfiguration-r8-IEs,
			spare7 NULL,
			spare6 NULL, spare5 NULL, spare4 NULL,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

-- ASN1STOP


Table 1. Basic structure of RRCConnectionReconfiguration message in LTE

There are two levels to the critical extensions: Having the first level of CHOICE to extensions by just defining meaning of a spare, and an “empty SEQUENCE” to allow extending the number of messages in case the spare-values run out. However, looking at the current LTE, critical extensions have been used very rarely (MobilityFromEUTRACommand seems to be the only dedicated message with a critical extension), yet many messages have (likely due to the UMTS legacy) allowed many spare values for critical extensions. While the overhead is not large, this also unnecessarily complicated the message structure, and the spare bits have so far been wasted.
Observation 1: LTE has rarely used critical extensions of dedicated messages.
Similarly, the broadcast messages (e.g. DCCH, CCCH) naturally allow (critical) extensions since they define the actual messages that need to be sent to UEs. These have been used quite much and are very much necessary – otherwise new logical channels would need to be created every time a new message is needed, which seems unnecessary. However, the exceptions to these is BCH, which sends MIB: It is not possible to branch out MIB without creating a new upper level BCCH message type (as was done for Rel-14 dedicated MBMS carrier).  
	[bookmark: _Toc487673442]–	BCCH-BCH-Message
The BCCH-BCH-Message class is the set of RRC messages that may be sent from the E‑UTRAN to the UE via BCH on the BCCH logical channel.
-- ASN1START

BCCH-BCH-Message ::= SEQUENCE {
	message					BCCH-BCH-MessageType
}

BCCH-BCH-MessageType ::=						MasterInformationBlock

-- ASN1STOP


Table 2. BCCH-BCH-Message (containing MIB) in LTE
Observation 2: LTE MIB doesn’t allow critical extensions – new BCCH message would need to be created instead.
2.2	NR RRC dedicated messages 
Since LTE RRC has shown that crtitical extensions shouldn’t normally happen, it seems natural to consider that would be the commonplace also for NR RRC. Hence, the ASN.1 could, from start, assume that critical extensions can be avoided. That is not to say that critical extensions should be disallowed, but simply the number of spare values should be minimized. One possibility for this is shown below in Table 3.
	–	RRCReconfiguration
-- ASN1START
-- TAG_RRCRECONFIGURATION_START

RRCReconfiguration ::=	SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		rrcReconfiguration					RRCReconfiguration-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

-- TAG_RRCRECONFIGURATION_STOP
-- ASN1STOP


Table 3. Possible structure of NR RRCReconfiguration
This would still allow critical extensions, but they would have to be using the criticalExtensionsFuture instead of already defined spare values. Alternatively, for dedicated messages a new message (type) could even be created within DCCH structure, e.g. as shown in Table 4 below (adapted from the proposal shown in R2-1707827).

	–	DL-DCCH-Message
The DL-DCCH-Message class is the set of RRC messages that may be sent from the NG-RAN to the UE on the downlink DCCH logical channel.
-- ASN1START
-- TAG_DL-DCCH-MESSAGE_START

DL-DCCH-Message ::= SEQUENCE {
	message					DL-DCCH-MessageType
}

DL-DCCH-MessageType ::= CHOICE {
	nasMessageDL							NASMessageDownlink,
	rrcReconfiguration						RRCReconfiguration,
	rrcRelease								RRCRelease,
	securityCommand							SecurityCommand,
	ueCapabilityRequest						UECapabilityRequest,
	rrcResume								RRCResume, 
	messageClassExtension	newMessages-r20SEQUENCE {}
}

newMessages-r20 ::= SEQUENCE {
	rrcReconfiguration2-r20					RRCReconfiguration2-r20,
	messageClassExtension	SEQUENCE {}
}
-- TAG_DL-DCCH-MESSAGE_STOP
-- ASN1STOP

–	RRCReconfiguration2
-- ASN1START
-- TAG_RRCRECONFIGURATION2_START

RRCReconfiguration2-r20 ::=	SEQUENCE {
	rrc-TransactionIdentifier-20		RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		rrcReconfiguration2-r20				RRCReconfiguration2-IEs-r20,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

-- TAG_RRCRECONFIGURATION2_STOP
-- ASN1STOP



Proposal 1: Discuss how it should be possible to critically extend RRC dedicated messages in NR.
Further, the specific case of RRCReconfiguration will be used for several different use cases: RRC parameter reconfiguration, handovers and NR part of EN-DC reconfiguration (via SCG SRB). Once the structure of these messages is known, one solution to differentiate these could be to use separate parts for each functionality. This would also have the added benefit that since the EN-DC will be frozen before stand-alone NR, the content of the NR-specific reconfiguration could still be modified even after EN-DC completion.
Observation 3: Separating RRCReconfiguration for EN-DC and NR facilitates separate ASN.1 freezing of Rel-15.
Proposal 2: Consider using critical extensions of RRCReconfiguration to differentiate EN-DC reconfigurations and stand-alone NR reconfigurations.
2.2	NR RRC broadcast messages 
As noted in earlier section, other than MIB, broadcast messages are critically extendible. This is because some parts of the SFN is partly defined via blind-decoding, so any extension would have to preserve that. Similar mechanisms are expected to be used in NR as well, but there are additional complexities: For example, the different frequency ranges (e.g. below/above 6 GHz) are expected to have different kinds of analog beamforming possibilities. Therefore, e.g. the number of beams (i.e. SS-block timing) could have different ranges in MIB, and for the higher frequencies it is also much more necessary to really optimize the MIB size (because of the broadcasting problems with massive beamforming). 
Observation 4: Below and above 6 GHz could require different MIB content.
Naturally, CHOICE and generic optional fields could be used to pinpoint the differences, but this might have Therefore, a natural solution could be to simply branch out the MIB for the different frequency ranges: The content of the MIB could depend on the frequency band, and this could be realized via critical extension of MIB (or via two different MIB messages, even).
Proposal 3: It should be possible to have critical extension to MIB in NR RRC.
3	Conclusions
We have discussed the critical extensions of RRC messages in NR and observed the following:
Observation 1: LTE has rarely used critical extensions of dedicated messages.
Observation 2: LTE MIB doesn’t allow critical extensions – new BCCH message would need to be created instead.
Observation 3: Separating RRCReconfiguration for EN-DC and NR facilitates separate ASN.1 freezing of Rel-15.
Observation 4: Below and above 6 GHz could require different MIB content.
Based on these, we propose the following:
Proposal 1: Discuss how it should be possible to critically extend RRC dedicated messages in NR.
Proposal 2: Consider using critical extensions of RRCReconfiguration to differentiate EN-DC reconfigurations and stand-alone NR reconfigurations.
Proposal 3: It should be possible to have critical extension to MIB in NR RRC.
The necessary changes to account for the critical extensions could be adopted on top of the TP shown in R2-1707827.
NOTE: We would like to note that the examples in this document all use the “empty SEQUENCE” extension mechanism, but as already discussed in earlier RAN2 meetings (and agreed to be captured in the NR RRC guidelines), more ASN.1 standard-compatible mechanisms should be preferred. The examples here are using this mechanism simply to ease the comparison with related LTE message parts.

