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1 Introduction
In the last meeting in Gothenburg, RAN2 discussed an RRC state mismatch issue that may happen between eNB and UE [1], [2], and achieved following agreement:
	R2-165676
Avoid UEs Staying in RRC Connected State Unnecessarily

QUALCOMM Inc.
discussion
· Qualcomm think we should agree that this can happen. Sequans support to address this issue. Orange as well

· Vodafone don’t understand the use case. RLC-AM should take care of this. Vodafone have not seen this. 

· Intel think that solutions should be discussed further. 

· RAN2 think this can happen, and should be addressed. 
· To be further discussed under TEI14


In this contribution, we discussed potential solutions to resolve the RRC state mismatch issue.
2 Discussion
2.1 Motivation

As mentioned in [1], the RRC state mismatch issue may happen due to temporary degradation of DL radio link quality. Figure 1 shows an example scenario that the RRC state mismatch issue happens. When this issue happens, mobile terminating data transmissions cannot be performed because the UE does not receive Paging from eNB. This mismatch problem can only be resolved if uplink transmission is triggered and UE attempts to send uplink signal to the eNB.
Observation 1:
When the RRC state mismatch issue happens, mobile terminating data transmissions cannot be performed until an uplink transmission is triggered by UE.
Mobile UEs would experience the state mismatch less frequently since the UE is likely to declare an RLF when entering the poor radio quality area. In contrast, stationary UEs like a smart meter for IoT experience rather static radio quality in long interval and sometimes experience the sudden radio link degradation. For such IoT UEs, this issue may have serious impact since some IoT UEs generates UL data only in response to the request from server (i.e., Paging from eNB). With this kind of UEs, there is no standardization means to resolve RRC state mismatch issue.

Observation 2:
The RRC state mismatch issue has significant service impact for stationary UEs with MTC application that only generate UL data as response to Paging from NW. 
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Figure 1 An example scenario that the RRC state mismatch issue happens

2.2
Discussion on possible solutions

2.2.1
Implementation solution

One may argue that this problem can be solved by network implementation. One possible solution is to repeat transmissions of RRC Connection Release message. If the downlink radio quality improves during the repetitions, UE can receive the message and transits to RRC Idle. However at some point of time eNB stops repetitions because UE may e.g., turn the power off or initiate RRC Connection Re-establishment procedure with other eNB.
Another possible solution is to configure an infinite periodical measurement (e.g., triggerType is set to reportStrongestCells and reportAmount is set to infinity in reportConfig) of serving frequency at the initial access. In this solution, if the RRC state mismatch happens, it can be resolved when Measurement Report is triggered by the UE, since eNB does not respond RLC Ack and this would trigger radio link failure detection in the UE, which will then perform RRC Connection Reestablishment procedure. There are at least two problems of this solution; (1) the number of signalling may significantly increase because all UEs periodically transmit Measurement Report to eNB, (2) given that the network does not know the traffic characteristics between the end-to-end client and server in application layer, it is difficult for the NW to identify the UEs vulnerable to this state mismatch and set periodic measurement configuration only to these UEs.
Observation 3:
The possible solutions in eNB’s implementation are not optimal.
2.2.2
Standardized solutions 

The discussion paper in [1] listed up 3 possible solution directions:

Solution direction 1: Requesting for RRC connection release (Similar to UMTS SCRI feature)

Solution direction 2: Releasing RRC connection autonomously based on eNB configured inactivity time.
Solution direction 3: Reestablish RRC Connection based on eNB configured inactivity timer
In solution 1, the UE can send a newly defined RRC connection release request message over RLC AM after certain data inactivity time. A configured prohibit timer limits how often the UE can send the RRC connection release request message. The UE does not release RRC connection until it receives the RRC connection release message from the eNB.
In solution 2, eNB configures autonomous RRC release timer which is started by the UE upon no data activity in both downlink and uplink. When the timer expires, eNB and UE both autonomously release RRC connection without explicit signalling. This solution has option to define UE preferred release timer value, i.e., the UE can send preferred autonomous release timer value to the eNB. 

For details about solution 1 and 2, see the discussion paper in [1]. In the following, the details for solution 3 are described. 
In solution 3, eNB configures inactivity timer which is started by the UE upon reception of the timer in the associated dedicated signalling (i.e., RRC Connection Setup, RRC Connection Re-establishment, and RRC Connection Reconfiguration). The timer stops and restarts when the UE receives or transmits user data (including lower layer signalling), and expires when there is no data activity in both downlink and uplink. When the inactivity timer expires, the UE initiates RRC Connection Re-establishment procedure. 

Figure 2 shows how the solution 3 works. When the RRC state mismatch issue occurred, the configured inactivity timer in the UE will be expired which then trigger the UE to send RRC Connection Re-establishment Request to the eNB. The eNB transmits RRC Connection Re-establishment Reject to the UE; since the eNB has no longer kept the UE Context thus cannot identify the UE. Afterwards, the UE transits to RRC Idle, thus the mismatch between eNB and UE can be resolved.
Note that the value of the inactivity timer should be larger than the value of RRC connection release timer which may be implemented by eNB, so as to avoid UE to initiate RRC Connection Re-establishment Request frequently.

In addition, as shown in our proposed CR [4], it is preferable to define new reestablishmentCause value that enables operators to analyse how often the RRC state mismatch issue happens in the network.
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Figure 2 Solution 3
2.2.3
Comparison

Solution 1 is similar to solution 3 in terms that both solutions define new timer to trigger and initiate uplink transmission by the UE. However, in solution 1, inactivity timer value is decided by the UE based on the UE’s traffic pattern, where as in solution 3, the timer is configured by the eNB. If the UE chooses short inactivity timer value, RRC Connection Release Request would be initiated immediately. This will increase the amount of signalling in the radio link. One other aspect that may be worth to point out is the fact that solution 1 is tailored to solve different problem, i.e., expediting RRCConnectionRelease when no data is available. 
Observation 4:
Solution 1 may increase the number of uplink signalling in the network.
Solution 2 does not impact the amount of signalling since both eNB and UE autonomously release RRC connection based on inactivity timer. However, this solution has a risk that may cause temporary RRC state mismatch between eNB and UE of both cases where the eNB assumes the UE has gone IDLE while actually it has not (which is the main problem need to be solved) and the case where the eNB is still in CONN where UE has gone to IDLE. 
Observation 5:
Solution 2 has a risk that may cause temporary RRC state mismatch between eNB and UE.
Solution 3 does not have the above mentioned problems. Therefore, we propose to introduce solution 3 in the specification.

Proposal:

To introduce the solution 3: Re-establish RRC Connection based on eNB configured inactivity timer.

3
Summary and Proposal 

In this contribution, we discussed potential solutions to resolve the RRC state mismatch issue that may happen between eNB and UE. The following are the summary of our observations and proposal:

Observation 1:
When the RRC state mismatch issue happens, mobile terminating data transmissions cannot be performed until an uplink transmission is triggered by UE.
Observation 2:
The RRC state mismatch issue has significant service impact for stationary UEs with MTC application that only generate UL data as response to Paging from NW. 

Observation 3:
The possible solutions in eNB’s implementation are not optimal.
Observation 4:
Solution 1 may increase the number of uplink signalling in the network.
Observation 5:
Solution 2 has a risk that may cause temporary RRC state mismatch between eNB and UE.
Proposal:

To introduce the solution 3: Re-establish RRC Connection based on eNB configured inactivity timer.

We prepared draft CRs in R2-167141 [4] and R2-167142 [5].
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