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1. Introduction

User plane EPS optimization (solution 18) has been discussed in SA2 and RAN2 WGs as follows.
In SA2 #113 meeting, it is agreed that [1]
· if a UE has had its RRC connection suspended, the UE in the EMM-REGISTERED and ECM-IDLE state shall initiate the Connection Resume procedure instead of Service Request procedure when answering to paging from the MME or establishing the radio bearers to send uplink user data. 
In CT1 #96 meeting, stage 3 requirement to support the SA2 agreement above is agreed [2] in which
· New UE internal NAS-AS interaction to perform RRC Connection Resume procedure was provided. 
In SA2 #113 ad-hoc meeting, it was agreed in CR [3] 
· If a UE has had its RRC connection suspended, the UE in the EMM-REGISTERED and ECM-IDLE state shall initiate the Connection Resume procedure when TAU procedure is triggered as well
· CT1 agreement specified in [3] was captured and 
Observation 1: When TAU procedure is triggered, the UE suspended RRC connection shall perform RRC Connection resume procedure [3]. 

In RAN2 NB-IoT ad-hoc meeting, RAN2 agreed 

· In case of RRC resume failure, the eNB may send an RRCConnectionSetup message in immediate response to an RRC connection resume request, after which the UE does the needed NAS-AS interaction and responds  with RRCConnectionSetupComplete message including NAS PDU 

Based on the agreement, RAN2 sent LS [4] to ask CT1:
· to consider the necessary NAS-AS interactions to enable the UE to proceed with RRCConnectionSetupComplete and NAS request when the UE receives an RRCConnectionSetup message in response to an RRC connection resume request; without needing to start a new access procedure and without negative impact to the battery life and setup time due to repeating steps of the access procedure.

Observation 2: UE AS proceeds with RRCConnectionSetupComplete and NAS request when the UE receives an RRCConnectionSetup message in response to an RRC connection resume request 

Based on SA2 and RAN2 agreements above, we will analyse legacy impacts of existing UE internal NAS-AS interaction specified in [2] and propose new UE internal NAS-AS interaction having less legacy impacts. 
2. Analysis
In this section, we provide legacy NAS-AS interaction in normal LTE. Based on the legacy NAS-AS interaction, we analyse legacy impacts of existing UE internal NAS-AS interaction specified in [2] and new proposal for UE internal AS-NAS interaction. 
2.1. Legacy UE internal NAS-AS interaction procedure in normal LTE
The following figure shows legacy UE internal NAS-AS interaction procedure to send NAS message.
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Figure 1. Legacy NAS-AS interaction procedure to send NAS message
In this figure, NAS message could be SERVICE REQUEST message, EXTENTED SERVICE REQUEST message or TAU REQUEST message. 
2.2. Existing proposal for UE internal NAS-AS interaction to perform RRC connection resume procedure [2]
In CT1 #96 meeting, stage 3 requirements to support User plane EPS optimization (solution 18) was agreed [2] as follows. 
	5.3.1.3
Suspend and resume of the NAS signalling connection
Suspend of the NAS signalling connection can be initiated by the network in EMM-CONNECTED mode when User plane EPS optimization is used. Resume of the suspended NAS signalling connection is initiated by the UE.

When User plane EPS optimization is used:

-
Upon indication from the lower layers that the RRC connection has been suspended, the UE shall enter EMM-IDLE mode with suspend indication, but shall not consider the NAS signalling connection released;

-
Upon trigger of an service request procedure or an extended service request procedure when in EMM-IDLE mode with suspend indication, the UE shall request the lower layer to resume the RRC connection. In this request to the lower layer the NAS shall provide to the lower layer the RRC establishment cause and the call type according to annex D of this document;
-
Upon indication from the lower layers that the RRC connection has been resumed when in EMM-IDLE mode with suspend indication, the UE shall enter EMM-CONNECTED mode. If a SERVICE REQUEST message is pending, the message shall not be sent. If an EXTENDED SERVICE REQUEST message is pending, the message shall be sent; and

-
Upon indication from the lower layers that the RRC connection resume has failed when in EMM-IDLE mode with suspend indication, the UE shall enter EMM-IDLE mode without suspend indication and restart any pending NAS procedure.
When User plane EPS optimization is used:

-
Upon indication from the lower layers that the RRC connection has been suspended, the network shall enter EMM-IDLE mode with suspend indication, but shall not consider the NAS signalling connection released; and

-
Upon indication from the lower layers that the RRC connection has been resumed when in EMM-IDLE mode with suspend indication, the network shall enter EMM-CONNECTED mode.


In above, the highlighted parts show the UE internal NAS-AS interaction when the UE suspended performs RRC connection resume procedure. In this case, the UE internal NAS-AS interaction in [2] has following impacts as compared to legacy UE internal NAS-AS interaction specified in section 2.1.
Observation 3: Upon trigger of NAS procedure when in EMM IDLE mode with suspend indication, the NAS message is pending in UE NAS.

Observation 4: UE NAS shall provide to UE AS with RRC establishment cause and the call type without NAS message

Observation 5: UE AS shall provide indication to UE NAS for whether RRC connection resume has succeeded or failed. 

Observation 6: Upon receiving indication for resume success, if the pending NAS message is SERVICE REQUST message, the UE NAS shall discard the SERVICE REQEUST message. Otherwise, UE NAS provides the pending NAS message to UE AS.

Observation 7: Upon receiving indication for resume failure, UE NAS provides the pending NAS message to UE AS. 

With SA2 and RAN agreements specified in observation 1 and observation 2, the details of existing UE internal NAS-AS interaction to perform RRC connection resume procedure (specified in [2]) are as follows.
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Figure 2. Existing Proposal for UE internal NAS-AS interaction to perform RRC connection resume procedure
Additionally, the observation 3(UE NAS pending initial NAS message) is new situation not specified before in TS 24.301. Thus, the observation 3 might provide additional impacts in NAS layer (TS 24.301). For example, when UE NAS pending initial NAS message receives lower layer failure or RRC reject message other than resume success or failure, new specification to handle abnormal case for UE NAS pending the initial NAS message is needed in TS 24.301.
Observation 8: additional specification to handle abnormal case is needed in TS 24.301
3. New Proposal for UE internal NAS-AS interaction to perform RRC connection resume procedure
In this section, we propose new UE internal NAS-AS interaction to perform RRC connection resume procedure having less legacy impacts. With SA2 and RAN agreements specified in observation 1 and observation 2, the details of new proposal are as follow. 
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Figure 3. New Proposal for UE internal NAS-AS interaction to perform RRC connection resume procedure
Step1. If an initial NAS message (i.e. SERVICE REQUEST or EXTENDED SERVICE REQEUST or TAU REQUEST) is triggered, UE NAS sends the initial NAS message with the RRC establishment cause and the call type to UE AS [legacy NAS behaviour]. 

Step2. Upon reception of the request, the UE AS initiates RACH procedure and after successful RACH procedure, send RRC CONNECTTION RESUME REQUEST message to eNB. Upon reception of the request, eNB responds with RRC CONNECTION SETUP message. [RAN2 agreement]
Step3. Upon reception of the response message, UE AS shall
 Case I: ‘Resume Success’ 

A. discard the message if the NAS message received in step 1 is SERVICE REQUEST message; or 
B. send RA msg5 with the NAS message received in step 1 if the NAS message is different from SERVICE REQUEST message. [RAN2 agreement]
Case B: ‘Resume Failure’ 
· send the NAS message received in step 1. [RAN2 agreement]
In the above, Legacy impact for new proposal is that for Case I-A, UE AS needs to discard SERVICE REQUEST message. 
Observation 9: For new proposal, UE AS needs to discard SERVICE REQUEST message in the case of ‘resume success’. 

To perform observation 9, UE AS needs to distinguish SERVICE REQUEST message from other NAS messages (e.g. EXTENDED SERVICE REQUEST message or TAU REQUEST message). 
According to TS 24.301, the size of SERVICE REQUEST message is 4 octet while one of EXTEND SERVICE REQUEST message and TAU REQUEST message are more than 9 octet and 15 octet respectively.
Observation 10: UE AS can distinguish SERVICE REQUEST message from other NAS messages by comparing the message size. 
4. Summary (impact comparison of proposals)

The following is comparison table between proposals for UE internal NAS-AS interaction to perform RRC connection resume procedure. 
	
	Legacy Impacts

	Existing Proposal [2]
	· Observation 3: Upon trigger of NAS procedure when in EMM IDLE mode with suspend indication, the NAS message is pending in UE NAS.

· Observation 4: UE NAS shall provide to UE AS with RRC establishment cause and the call type without NAS message

· Observation 5: UE AS shall provide indication to UE NAS for whether RRC connection resume has succeeded or failed. 

· Observation 6: Upon receiving indication for resume success, if the pending NAS message is SERVICE REQUST message, the UE NAS shall discard the SERVICE REQEUST message. Otherwise, UE NAS provides the pending NAS message to UE AS.

· Observation 7: Upon receiving indication for resume failure, UE NAS provides the pending NAS message to UE AS. 
· Observation 8: additional specification to handle abnormal case is needed in TS 24.301

	New proposal
	· Observation 9: UE AS needs to discard SERVICE REQUEST message in the case of ‘resume success’. 


Proposal 1: It is proposed for new proposal having less legacy impacts for UE internal NAS-AS interaction. 
Proposal 2: If CT1 agreed new proposal, CT1 send Reply LS for RAN2 LS to inform RAN2 of new proposal and answer for RAN2 question that no NAS-AS interaction is required. 
Note: CR and Reply LS for new proposal are C1-161885 and C1-161886 respectively. 
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