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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 email discussion took plane aimed to clarify the pros and the cons of following 4 candidate solutions for the issue (see R2-168060 for details):


Solution 1: UE goes/sent to IDLE with NW control



Solution 1-1: UE autonomously releases RRC connection after the expiry of inactivity timer



Solution 1-2: UE requests the release of RRC Connection after the expiry of inactivity timer



Solution 1-3: UE autonomously releases RRC connection


Solution 2: Initiating re-establishment (failure) to send the UE to IDLE after the expiry of inactivity timer
As a result, the following observations were found:
NW controllability aspect
· The impact on another state mismatch (i.e., UE is in RRC IDLE, eNB considers UE as CONNECTED) needs to be clarified.
· Assumption of UE behaviour (i.e., how the UE determines that the network has failed to signal the release of RRC Connection) in solution 1-3 needs to be clarified.
Signalling impact and battery consumption aspect
· Signalling impact and UE’s battery power consumption in solution 1-2 and 2 are larger than solution 1-1 and solution 1-3, but it is comparable.

Specification impact aspect

· Majority companies have concern that solution 1-2 has significant specification impact.
Applicability for all UEs including NB-IoT UEs

· Clarification on applicability for NB-IoT UEs in solution 1-2 and 2 is needed.
UE Inactivity monitoring
· The definition and behaviour of the UE inactivity timer in each impacted layer (RRC/RLC/MAC) should be discussed.

This paper further clarifies the pros and cons based on the above observations, and attempt to narrow down the candidate solutions.
2. Discussion
2.1
NW controllability aspect
As pointed out in the email discussion, in solution 1-3, how the UE “determines that the network has failed to signal the release of RRC Connection” is not clear. Firstly, we discuss possible assumption of UE behaviour for solution 1-3, and clarify how the UE behaviour impacts on NW. Some companies indicated that solution 1-3 would also be timer based solution though the timer value is not configurable by eNB. Some possible ways are to define the inactivity timer whose value is fixed in the specification or is up to UE implementation.
If a fixed inactivity timer value is defined in the specification, all UEs (i.e., Non IoT UEs and IoT UEs such as Cat.M and NB-IoT) use the same timer value and autonomously release the RRC Connection when the timer is expired. However, basically the appropriate timer value depends on UE’s characteristic and operator’s policy, so it would be difficult to specify the common value covering various cases. If we go for this way, for some UEs the specified timer value would be extremely larger than the value of inactivity timer which may be implemented by eNB, resulting in the interruption of service unnecessarily long time when the state mismatch is happened. 

Observation 1:
It is unrealistic to specify the common value of inactivity timer to cover various cases.
If the inactivity timer value is up to UE implementation, operators would face another problem as well as the above mentioned problems: if the UE implemented inactivity timer value is shorter than the eNB implemented inactivity timer value, UE autonomously releases the RRC connection before eNB sends RRC Connection Release (this is another mismatch case that eNB considers UE as RRC CONNECTED but UE is in RRC IDLE). If NW triggers downlink data transmissions for this case, firstly NW detects the UE is out of sync, releases the RRC connection, then sends Paging message to establish the RRC Connection of the UE. This brings significant signalling impact to NW and service delay impact to the user. Note that the signalling impact is exactly the same problem caused by SCRI in UMTS, and we should be careful to not repeat the same mistake..
Observation 2:

If the value of UE implemented inactivity timer is shorter than that of eNB implemented inactivity timer, another state mismatch (i.e. eNB considers UE as CONN, but UE is in IDLE) often happens, which causes additional signalling and delay when resuming DL data.

From the above observations, timer based solutions in which the timer configuration cannot be controlled by the NW is not desirable. Therefore, we propose the following:
Proposal 1:
To exclude solution 1-3 (UE autonomously releases RRC connection) from the candidate solutions.
In solution 1-1, the same mismatch may happen as well when there is temporary DL degradation: eNB sends DL data to UE and resets the timer, but the UE does not receive the data. Then, the timer in the UE will be expired earlier than the eNB, and the UE releases the RRC connection autonomously. If the reverse mismatch happens in solution 1-1, as already mentioned, unnecessarily signalling may be increased like SCRI in UMTS. 

Observation 3:
Solution 1-1 may cause the reverse mismatch and unnecessary signalling.
On the other hand, this issue will not happen in solution 1-2 and 2 since UE only initiates the request of RRC connection release (solution 1-2) or re-establishment procedure (solution 2), does not release the RRC connection autonomously.
2.2
Signalling impact and battery consumption aspect
From the pros/cons comparison in email discussion summary [4], it seems that solution 1-2 and 2 have more signalling impact than solution 1-1 since UE has to send RRC message (the request of RRC connection release or RRC connection re-establishment request) when the inactivity timer is expired. However, appropriate timer setting in solution 1-2 and 2 (e.g. set the inactivity timer in UE larger than RRC connection release timer which may be implemented by eNB) would prevent false initiation of the RRC messages when the RRC state mismatch does not happen. Therefore, the signalling impact and the resulting UE’s battery consumption in solution 1-2 and 2 can be alleviated. 

Observation 4:
With proper timer setting, all 4 solutions are comparable in terms of signalling impact and UE’s battery power consumption
2.3
Specification impact aspect
As we confirmed in the email discussion, solution 1-2 has significant specification impact compared with the other solutions. It is argued that the benefit of solution 1-2 is its flexibility; if there is no RRC state mismatch, solution 1-2 allows the eNB to release the RRC connection at any time (not immediately) upon the inactivity timer expiry, so solution 1-2 has less signalling overhead than solution 2. However, we think that this benefit against solution 2 is not so significant if we assume appropriate timer setting in solution 2 (i.e., it would allow to prevent false trigger of re-establishment procedure before the eNB has attempted to perform RRC connection release).

Observation 5:
The benefit of solution 1-2 against solution 2 is not so significant under assumption the inactivity timer value will be typically configured to the appropriate one.
From the above observations, it can be seen that solution 1-2 is not so comparable to solution 2. Therefore, we propose the following:
Proposal 2:
To exclude solution 1-2 (UE requests the release of RRC Connection after the expiry of inactivity timer) from the candidate solutions.

2.4
Applicability for all UEs including NB-IoT UEs
During the email discussion, it was found that there is different understanding on whether solution 2 is applicable also for NB-IoT. Some companies consider that solution 2 is not applicable for NB-IoT UEs employing CP solution. In our understanding, however, solution 2 is also applicable for NB-IoT UEs employing CP solution. In the current specification in TS 36.331, it has already specified that the UE moves to RRC IDLE if AS security has not been activated:

5.3.7
RRC connection re-establishment

5.3.7.1
General

<< skip unrelated part >>
A UE in RRC_CONNECTED, for which security has been activated, may initiate the procedure in order to continue the RRC connection. The connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context. In case E-UTRAN accepts the re-establishment, SRB1 operation resumes while the operation of other radio bearers remains suspended. If AS security has not been activated, the UE does not initiate the procedure but instead moves to RRC_IDLE directly.
Therefore, in terms of the specification impact, only difference between solution 1-1 and solution 1-2 is UE autonomously releases the RRC connection or UE initiates legacy re-establishment procedure. 

Observation 6:
Solution 2 is applicable for all UEs including NB-IoT with CP solution and the specification impact of solution 2 is comparable to solution 1-1.
Considering observation 4 that solution 1-1 has a risk which causes the reverse mismatch, solution 2 is more reliable way to resolve the RRC state mismatch issue. Therefore, we propose to introduce solution 2 in the specification.

Proposal 3:
To introduce solution 2 (Initiating re-establishment procedure upon expiry of inactivity timer).
2.5
UE Inactivity monitoring
To building the stage3 CRs, the detailed UE behaviour related to inactivity monitoring should be investigated, e.g., responsible layer and (re)start/stop condition. To monitor the UE’s inactivity, at least U-plane data (i.e., DTCH logical channel) transmission/reception should be taken into account for condition of the inactivity timer since NW typically decides when to transmit RRC connection release message to the UE based on the UE’s U-plane inactivity. In addition, C-plane data (i.e., DCCH logical channel and CCCH logical channel) should be also monitored considering NB-IoT UEs employing CP solution. Since MAC entity can monitor the activity of all of them, MAC entity is suitable layer for the inactivity monitoring, which means that inactivity timer is defined as MAC layer timer. 
Proposal 4:
MAC entity monitors UE’s inactivity based on the transmission/reception of MAC SDU for DTCH logical channel, DCCH logical channel, and CCCH logical channel.

Proposal 5:
The inactivity timer is configured to MAC entity by RRC.
3. Summary and Proposal 
This paper discussed the pros and the cons of each solution based on the observations in the email discussion. The followings are the observations and proposals:
Observation 1:
It is unrealistic to specify the common value of inactivity timer to cover various cases.

Observation 2:

If the value of UE implemented inactivity timer is shorter than that of eNB implemented inactivity timer, the reverse mismatch (i.e. eNB considers UE as CONN, but UE is in IDLE) often happens, which causes additional signalling and delay when resuming DL data.

Observation 3:
Solution 1-1 may cause the reverse mismatch and unnecessary signalling.
Observation 4:
With proper timer setting, all 4 solutions are comparable in terms of signalling impact and UE’s battery power consumption
Observation 5:
The benefit of solution 1-2 against solution 2 is not so significant under assumption the inactivity timer value will be typically configured to the appropriate one.
Observation 6:
Solution 2 is applicable for all UEs including NB-IoT with CP solution and the specification impact of solution 2 is comparable to solution 1-1.
Proposal 1:
To exclude solution 1-3 (UE autonomously releases RRC connection) from the candidate solutions.
Proposal 2:
To exclude solution 1-2 (UE requests the release of RRC Connection after the expiry of inactivity timer) from the candidate solutions.

Proposal 3:
To introduce solution 2 (Initiating re-establishment procedure upon expiry of inactivity timer).
Proposal 4:
MAC entity monitors UE’s inactivity based on the transmission/reception of MAC SDU for DTCH logical channel, DCCH logical channel, and CCCH logical channel.

Proposal 5:
The inactivity timer is configured to MAC entity by RRC.
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