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1 Introduction
RAN 2 has been discussing an RRC state mismatch issue that may happen between eNB and UE [1]-[3]. The following agreements were made in RAN2#95 and RAN2#95bis, respectively:
RAN2#95bis agreement:
· We will define a solution to address this issue for all UEs
RAN2#96 agreements:
Agreements

1 
Exclude solution 1-3 (UE autonomously releases RRC connection) from the candidate solutions.

2
Exclude solution 1-2 (UE requests the release of RRC Connection after the expiry of inactivity timer) from the candidate solutions.

3
To introduce solution 1-1 (release RRC connection upon expiry of inactivity timer).

4
Will be introduced in Rel-14 and should be early implementable,
In this paper, we address the remaining issues to specify this functionality.
2 Discussion
2.1 Remaining issues
In RAN2 #96 meeting in Reno, it was agreed to introduce solution 1-1, whose behaviour assumption and specification impacts are described in [3] as follows:

Behaviour assumption:

· UE is configured with an inactivity timer
· UE restarts the timer whenever data/signalling is sent/received
· eNB is assumed to run the similar timer. eNB restarts the timer whenever data is sent/received
· If the timer expires UE goes to IDLE, eNB assumes UE goes to IDLE.
Specification Impacts:

· New timer in UE

· Definition of inactivity timer, i.e., how UE and eNB (re)start/stop the inactivity timer

· Definition of UE behaviour when the timer is expired (i.e., UE autonomously releases the RRC connection)

· Timer configuration needs to be signalled
As described above, it was agreed that the value of the inactivity timer is configured by eNB to UE. Since appropriate timer value depends on UE’s characteristic (e.g., UE types, traffic type), it should be configurable by dedicated signalling.
Proposal 1:

The inactivity timer value should be configurable by dedicated signalling.
Considering that the feature is optional, the eNB should configure the inactivity timer by RRC Connection Reconfiguration message, only if UE supports the inactivity timer. Therefore, a UE capability bit that indicates the support of this function is needed. For normal UEs (non NB-IoT and non CIoT support), configuration based on UE capability as done in legacy configuration procedure is feasible. However, it becomes a problem for normal UEs and NB-IoT UEs that are utilizing CP solution. For normal UEs utilizing CP solution the eNB does not transmit RRC Connection Reconfiguration to the UE since MME does not request the setup of DRB, and since NB-IoT UE utilizing CP solution does not support RRC Connection Reconfiguration message (see TS 36.300 section 7.3.a.2), there is no means to configure the inactivity timer.
Observation 1:
For UEs utilizing CP solution, eNB cannot configure the inactivity timer by RRC Connection Reconfiguration.

Following approaches can be considered for UEs with CP solution:

Alternative 1: Setup the inactivity timer by RRC Connection Setup
A simple way to address the issue is to blindly setup the timer in RRC Connection Setup (-NB) as well as RRC Connection Reconfiguration (-NB). However, this approach can be considered as an unorthodox approach since eNB has not yet obtained the UE capability when transmitting RRC Connection Setup, so it cannot ensure that the UE will be able to comprehend the inactivity timer. 
Alternative 2: Alternative 1 + define UE capability bit in RRC Connection Request

This approach aims to tackle the capability issue raised in Alt1. Specifically, UE indicates the capability in RRC Connection Request (-NB) as well as UE-EUTRA-Capability (-NB). Then, eNB configures the inactivity timer by RRC Connection Setup only if the UE indicates the support of the inactivity timer in RRC Connection Request. The UE capability bit will be defined by using spare in RRC Connection Request:

· Spare bit in RRC Connection Request
RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

· Spare bit in RRC Connection Request-NB
RRCConnectionRequest-NB-r13-IEs ::=

SEQUENCE {


ue-Identity-r13






InitialUE-Identity,

establishmentCause-r13




EstablishmentCause-NB-r13,


multiToneSupport-r13




ENUMERATED {true}



OPTIONAL,


multiCarrierSupport-r13




ENUMERATED {true}



OPTIONAL,


spare








BIT STRING (SIZE (22))

}

Alternative 3: Setup the inactivity timer by system information
In this approach, the inactivity timer can be configured also by SystemInformationBlockType2 (-NB). If the value of the inactivity timer is broadcasted in SystemInformationBlockType2, the UE supporting the inactivity timer function starts the timer upon initiating the RRC Connection Establishment procedure. This way, the inactivity timer can also be configured even for UE with CP solution. Note that the inactivity timer can be reconfigured by dedicated signalling (i.e., RRC Connection Reconfiguration) for UEs with UP solution and UEs without CIoT optimization to setup more appropriate value whenever needed.
Alternative 4: Setup the inactivity timer via NAS layer

In this approach, the inactivity timer and the UE capability bit are defined in NAS layer, i.e., the capability bit for inactivity timer is sent from UE to the MME during TAU or Attach Request and the timer is setup by the MME and sent to the UE in TAU or Attach Accept. When UE receives the setup of the inactivity timer in NAS layer, the NAS layer in UE signals the inactivity timer to AS layer. The AS layer will manage and use the timer in similar manner as in the other alternatives.
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Figure 1: setup of the inactivity timer via NAS layer

Table 1 summarizes by which message the eNB can configure the inactivity timer to each UE. 

Table 1: 

	
	LTE UEs
	NB-IoT UEs

	
	CP solution
	Others

(UP solution and w/o CIoT optimization)
	CP solution
	Others

(UP solution)

	Alt. 1
	(Not applicable)
	RRC Connection Reconfiguration
	(Not applicable)
	RRC Connection Reconfiguration-NB

	Alt. 2
	RRC Connection Setup 
	RRC Connection Setup and/or 

RRC Connection Reconfiguration
	RRC Connection Setup–NB
	RRC Connection Setup-NB and/or 

RRC Connection Reconfiguration-NB

	Alt. 3
	SystemInformation BlockType2
	SystemInformation BlockType2 and/or 

RRC Connection Reconfiguration
	SystemInformation BlockType2-NB
	SystemInformation BlockType2-NB and/or 

RRC Connection Reconfiguration-NB

	Alt. 4
	TAU or Attach accept (NAS)


Since Alternative 1 is an unorthodox way of blind configuration without knowing UE capability, we think this may lead into an unpredicted UE behaviour, thus we think that this alternative should not be adopted. This concern can be avoided by defining the UE capability bit in RRC Connection Request (Alternative 2), but it is understood that it is generally difficult to agree proposals that requiring the use of the spare bit in RRC Connection Request (-NB), especially for the LTE part. In Alternative 4, since the inactivity timer is set by the MME, the eNB cannot control the value of the inactivity timer even though the RRC state mismatch is the RAN problem. Although it is possible that the eNB sends the timer to MME via S1AP for MME to send it to UE, this approach can be considered too cumbersome from NW operation. Comparing the above alternatives, we can see that the above mentioned downsides of Alternative 1, 2, and 4 cannot be found in Alternative 3. However, one may argue that Alternative 3 may have impact to the UE in terms of managing parameter for IDLE and CONNECTED state since the UE needs to apply a parameter that it obtains during IDLE for procedure in CONNECTED. This impact is indeed unavoidable if we want to address the problem for all UEs, but we think Alternative 3 is the most reasonable way to address this issue. So we propose the following:

Proposal 2:

The inactivity timer value should be configured via SystemInformationBlockType2 for UEs with CP solution.
2.2 Indication of the inactivity timer expiry from UE
During the past meeting, as one of the solutions, reestablishment timer was proposed. One of its benefits over RRC connection release timer was that the operator can be aware of that this issue happens in the field via the re-establishment cause. From operator’s point of view, it will be definitely useful to know how often and where the state mismatch issue happens in the network, in order to improve NW quality or tune the value of the inactivity timer. Thus, it is proposed that UE informs eNB of that UE experienced this issue in the last RRC connection.
Proposal 3:
Introduce a scheme that UE indicates to eNB whether the last RRC connection was released due to the expiry of the inactivity timer at the RRC connection establishment.
3
Summary and Proposal 

In this paper, we discussed the remaining issue to address the state mismatch issue. Followings are the observation and proposals:
Observation 1:
For UEs utilizing CP solution, eNB cannot configure the inactivity timer by RRC Connection Reconfiguration.

Proposal 1:

The inactivity timer value should be configurable by dedicated signalling.
Proposal 2:

The inactivity timer value should be configured via SystemInformationBlockType2 for UEs with CP solution.
Proposal 3:
Introduce a scheme that UE indicates to eNB whether the last RRC connection was released due to the expiry of the inactivity timer at the RRC connection establishment.
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