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1	Introduction
Different implementations of the response-driven paging have been proposed in [1][2]. In this contribution, we discuss the required ASN.1 modifications for supporting response-driven paging with least amount of specification effort and in a future proof manner.
2	Discussion
The ASN.1 encoding of the paging message carrying the truncated S-TMSI and I-RNTI for RRC idle and inactive UEs is discussed in [3]. As the UE-ID may comprise some identifiers that are common for many UEs, e.g., MME Code (MMEC) in case of S-TMSI and node ID in case of I-RNTI, the truncated UE-ID should be derived from unique part of UE-ID: For RRC idle UEs, the truncated UE-ID is derived from the MME Mobile Subscriber Identity (M-TMSI) whereas for RRC inactive UEs, the truncated I-RNTI is derived from UE identifier part. Thus, the truncated UE-ID contained in the paging message consists of N Lowest Significant Bits (LSBs) of S-TMSI or I-RNTI for RRC idle and inactive, respectively, where N is configurable by the network and encoded in the paging message, see [3] .
Proposal 1: The truncated UE-ID for RRC idle UEs consists of N LSBs of M-TMSI where N is configured by the network and encoded in the paging message.
Proposal 2: The truncated UE-ID for RRC inactive UEs consists of N LSBs of I-RNTI (UE identifier part) where N is configured by the network and encoded in the paging message.
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Figure 1: Paging RRC idle and RRC inactive UEs using truncated S-TMSI and I-RNTI, respectively.

The paging procedure for RRC idle and RRC inactive UEs using truncated S-TMSI and I-RNTI, respectively, is shown in Fig. 1. Having received the paging message from the gNB, the UE checks if it has a matching truncated UE-ID. In case of matching, the UE performs RACH access and sends RRC Setup/Resume Request which already contains the UE-ID (S-TMSI or I-RNTI). Using the provided full UE ID, the network can know if the UE is truly paged or not. For truly-paged UEs, the network replies with RRC Setup/Resume and for false-paged UEs the network sends an RRC Reject message.
To support response-driven paging for both RRC idle and RRC inactive UEs, the required ASN.1 modifications are shown in the Appendix for RRC Setup Request, RRC Resume Request and RRC Reject messages. The modifications are briefly summarized in the following:
· RRC Setup Request and RRC Resume Request are extended to carry a new establishment cause: PagingResponse. The new cause is needed since the network does not need to check if the provided UE ID is listed in the paging record in case the UE is performing a mobile-originated access, for instance.

· The RejectWaitTime is modified from mandatory to optional Information Element (IE) or false-paged UEs could ignore the field. This is because false-paged UEs do not have to wait for re-sending an RRC Setup or Resume Request in case of mobile-originated access, for instance.
Proposal 3: A new establishment cause, Paging Response, is introduced in RRC Setup Request. The new establishment cause is used by an RRC idle UE having a matching truncated S-TMSI in the paging message.
Proposal 4: A new establishment cause, Paging Response, is introduced in RRC Resume Request. The new establishment cause is used by an RRC inactive UE having a matching truncated I-RNTI in the paging message.
Proposal 5: The RejectWaitTime IE of RRC Reject is set to optional instead of mandatory or could be ignored by false-paged UEs
As shown above, the modifications to RRC signalling messages are minimal and can be specified without high effort. 
3	Conclusion
In this contribution, we have described the necessary ASN.1 modifications to RRC signalling message for enabling response-driven paging using truncated UE-ID. The proposals are summarized in the following.
Proposal 1: The truncated UE-ID for RRC idle UEs consists of N LSBs of M-TMSI where N is configured by the network and encoded in the paging message.
Proposal 2: The truncated UE-ID for RRC inactive UEs consists of N LSBs of UE identifier where N is configured by the network and encoded in the paging message.
Proposal 3: A new establishment cause, Paging Response, is introduced in RRC Setup Request. The new establishment cause is used by an RRC idle UE having a matching truncated S-TMSI in the paging message.
Proposal 4: A new establishment cause, Paging Response, is introduced in RRC Resume Request. The new establishment cause is used by an RRC inactive UE having a matching truncated I-RNTI in the paging message.
Proposal 5: The RejectWaitTime IE of RRC Reject is set to optional instead of mandatory or could be ignored by false-paged UEs
4	Appendix
To support response-driven paging for both RRC idle and RRC inactive UEs, the following modifications highlighted in red are introduced for RRC Setup Request, RRC Resume Request and RRC Reject messages.
· A new establishment cause, Paging Response, is introduced in RRC Setup Request.
RRCSetupRequest
The RRCSetupRequest message is used to request the establishment of an RRC connection.
Signalling radio bearer: SRB0
RLC-SAP: TM
Logical channel: CCCH
Direction: UE to Network
RRCSetupRequest message
-- ASN1START
-- TAG-RRCSETUPREQUEST-START


RRCSetupRequest ::=			SEQUENCE {
	criticalExtensions					CHOICE {
		rrcSetupRequest							RRCSetupRequest-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}


RRCSetupRequest-IEs ::=		SEQUENCE {
	ue-Identity							InitialUE-Identity,
	establishmentCause					EstablishmentCause,
	-- FFS Discuss ffsValue depending on discussions of MSG.3 size.
	spare								BIT STRING (SIZE (ffsValue)),

	lateNonCriticalExtension				OCTETSTRING															OPTIONAL,
	nonCriticalExtension					SEQUENCE{}																OPTIONAL
}
				
InitialUE-Identity ::=				CHOICE {
	ng-5g-s-tmsi						NG-5G-S-TMSI,
	-- FFS Whether ffsValueequals to 40 (as in LTE) or longer.
	randomValue							BIT STRING (SIZE (ffsValue))
}

-- FFS Which additional cause values are supported: delayTolerantAccess, MO videop, MO SMS, etc.
EstablishmentCause ::=				ENUMERATED {
										emergency, highPriorityAccess, mt-Access, mo-Signalling,
										mo-Data, mo-VoiceCall,pagingResponse,spare2, spare3,spare4, 
										spare5, spare6, spare7, spare8, spare9, spare10}

-- TAG-RRCSETUPREQUEST-STOP
-- ASN1STOP

· A new establishment cause, Paging Response, is introduced in RRC Resume Request.

–	RRCResumeRequest
The RRCResumeRequest message is used to request the resumption of a suspended RRC connection or perform an RNA update.
Signalling radio bearer: SRB0
RLC-SAP: TM
Logical channel: CCCH
Direction: UE to Network
RRCResumeRequest message
-- ASN1START
-- TAG-RRCRESUMEREQUEST-START

RRCResumeRequest ::=	SEQUENCE {
	criticalExtensions						CHOICE {
		rrcResumeRequest			RRCResumeRequest-IEs,	
		criticalExtensionsFuture				SEQUENCE {}
	}
}

RRCResumeRequest-IEs ::=		SEQUENCE {
	resumeIdentity								I-RNTI-Value,
	resumeMAC-I									BIT STRING (SIZE (ffsValue)),
	resumeCause									ResumeCause,
	spare										BIT STRING (SIZE (ffsValue))
}

-- FFS Which additional resume causes are supported: delayTolerantAccess, RNA Update, periodic RNA Update, MO video, MO SMS, etc.
ResumeCause ::=				ENUMERATED {
										emergency, highPriorityAccess, mt-Access, mo-Signalling,
										mo-Data, mo-VoiceCall, rna-Update, pagingResponse, 
										spare2, spare3, spare4, spare5, spare6, spare7, spare8,                                                    
                                        spare9}

-- TAG-RRCRESUMEREQUEST-STOP
-- ASN1STOP

· The reject wait time is set to an optional field in RRC Reject, i.e., false-paged UEs do not have to wait for re-sending an RRC Setup or Resume Request in case of mobile-originated access, for instance.

–	RRCReject
The RRCReject message is used to reject an RRC connection establishment or an RRC connection resumption.
Signalling radio bearer: SRB0
RLC-SAP: TM
Logical channel: CCCH
Direction: Network to UE
RRCReject message
-- ASN1START
-- TAG-RRCREJECT-START

RRCReject ::=				SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE {
			rrcReject				RRCReject-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCReject-IEs ::=		SEQUENCE {
	-- FFS Confirm value range as defined in LTE (16 seconds, at least for the agreed SRB0 case).
[bookmark: _GoBack]	waitTime							RejectWaitTime,    OPTIONAL

	lateNonCriticalExtension				OCTETSTRING															OPTIONAL,
	nonCriticalExtension					SEQUENCE{}																OPTIONAL
}

RejectWaitTime ::=						INTEGER (1..16)

-- TAG-RRCREJECT-STOP
-- ASN1STOP
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