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1 Introduction

State mismatch problem may occur due to misalignment between UE and gNB. In R15, DataInactivityTimer was introduced for connected UE to autonomously release RRC connection to avoid this issue. In R16, sidelink is introduced to support V2X. Connected UE can perform sidelink transmission without MAC SDU transmission and reception. The autonomous release may cause ping pong state transition. In this paper, we explain how this issue occurs and discuss potential solution.
2 Discussion
2.1 Background
The state mismatch issue is found in [1]. gNB may send the RRCConnectionRelease message to UE, but UE failed to decode the message due to degraded radio channel condition. Therefore, it’s possible gNB locally releases the UE context, but UE stays in connected, which results in state mismatch between UE and gNB. To avoid this issue, timer based connection release solution, i.e. DataInactivityTimer, is introduced in NR [2] [3]. UE would monitor the MAC SDU transmission for DTCH, DCCH and reception for DTCH, DCCH and CCCH to start or restart the timer and leave CONNECTED upon timer expires, as specified in [4][5]. The specification description in MAC and RRC could be found in Annex. It could be seen only MAC SDU via Uu interface could start or restart DataInactivityTimer. The timer shall be started or restarted at UE and gNB side in a synchronized way, otherwise state mismatch would happen.
Observation 1: The key point of timer based connection release is to maintain synchronized timer at both UE and gNB. Otherwise, state mismatch would happen.
2.2 Discussion

There are two sidelink transmission resource allocation modes for connected UE. In mode 1, gNB schedules the sidelink transmission resource dynamically. In mode 2, gNB configures a set of sidelink resource pools by sl-UE-SelectedConfig-r16 via RRCReconfiguration. UE autonomously select resource from resource pool. In both modes, MAC SDU transmission or reception in Uu interface is not required after initial RRCReconfiguration. 
In mode 1, UE may transmit sidelink BSR MAC CE via Uu interface. But MAC CE transmission can’t restart DataInactivityTimer. Furthermore, if configured sidelink grant is configured, UE may not transmit sidelink BSR MAC CE even in mode 1. Therefore, UE would leave connected autonomously even though there are ongoing sidelink transmission, as long as there is no MAC SDU via Uu for a certain time.

Observation 2: UE would leave connected autonomously even though there are ongoing sidelink transmission, as long as no MAC SDU is transmit or received via Uu interface.
After leaving connected to idle, UE could not use the sidelink resource configured in dedicated signalling. UE would read system information to acquire sidelink transmission resource pool, since there are sidelink data available for transmission. If the sidelink transmission resource pool is not broadcast, UE would trigger RRC connection establishment to enter connected again.

Observation 3: After leaving connected, sidelink UE would trigger RRC connection establishment again, if sidelink transmission resource pool is not broadcast.
Sidelink resource reuses the Uu uplink resource. In mode 1, gNB could dynamically change the resource allocation between sidelink and Uu uplink. gNB is not likely to broadcast sidelink transmission resource pool. While in mode 2, the resource allocation between sidelink and Uu uplink is not changed dynamically. gNB is more likely to broadcast sidelink transmission resource pool, so that ILDE UE doesn’t need to enter CONNECTED to obtain the sidelink transmission resource. 
Therefore, we think ping pong state transition would occur in sidelink mode 1 resource allocation rather than mode 2.
Proposal 1: RAN2 to confirm there is ping pong state transition issue if sidelink UE is configured with dynamic sidelink resource scheduling and DataInactivityTimer.
In sidelink mode 1 resource allocation, gNB could schedule dynamic or configured sidelink grant to UE. UE would report sideink BSR for dynamic sidelink grant scheduling. UE would also report traffic pattern info, i.e. periodicity and timing offset, to assist gNB for configured sidelink grant scheduling. In such sense, gNB is able to know the timing of sidelink transmission at UE side.
Observation 4: in sidelink mode 1 resource allocation, gNB is able to know whether there is sidelink transmission at UE side.
Following the spirit of DataInactivityTimer, if we still use a timer to control the connection release considering the sidelink transmission. The timer could be started or restarted by sidelink MAC SDU transmission in mode 1, so that gNB and UE are able to maintain synchronized timer running. There would be no state mismatch between gNB and UE.
Observation 5: Timer based connection release could work with sidelink mode 1 resource allocation if the timer could be started or restarted by sidelink MAC SDU transmission.
The timer could be a new timer or reuse the DataInactivityTimer. A new timer is cleaner and more flexible.
Proposal 2: introduce SidelinkDataInactivityTimer, which is started or restarted by Sidelink MAC SDU transmission. When both DataInactivityTimer and SidelinkDataInactivityTimer expire, UE release RRC connection.
Corresponding CRs could be found in [2] [3] [4].
3 Conclusion
Based on the discussion in section 2, we have following proposals:
Observation 1: The key point of timer based connection release is to maintain synchronized timer at both UE and gNB. Otherwise, state mismatch would happen.
Observation 2: UE would leave connected autonomously even though there are ongoing sidelink transmission, as long as no MAC SDU is transmit or received via Uu interface.

Observation 3: After leaving connected, sidelink UE would trigger RRC connection establishment again, if sidelink transmission resource pool is not broadcast.
Observation 4: in sidelink mode 1 resource allocation, gNB is able to know whether there is sidelink transmission at UE side.
Observation 5: Timer based connection release could work with sidelink mode 1 resource allocation if the timer could be started or restarted by sidelink MAC SDU transmission.
Proposal 1: RAN2 to confirm there is ping pong state transition issue if sidelink UE is configured with dynamic sidelink resource scheduling and DataInactivityTimer.
Proposal 2: introduce SidelinkDataInactivityTimer, which is started or restarted by Sidelink MAC SDU transmission. When both DataInactivityTimer and SidelinkDataInactivityTimer expire, UE release RRC connection.
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5 Annex 

5.1 MAC procedure related to DataInacitivityTimer
	5.19
Data inactivity monitoring

The UE may be configured by RRC with a Data inactivity monitoring functionality, when in RRC_CONNECTED. RRC controls Data inactivity operation by configuring the timer dataInactivityTimer.

When dataInactivityTimer is configured, the UE shall:

1>
if any MAC entity receives a MAC SDU for DTCH logical channel, DCCH logical channel, or CCCH logical channel; or

1>
if any MAC entity transmits a MAC SDU for DTCH logical channel, or DCCH logical channel:

2>
start or restart dataInactivityTimer.

1>
if the dataInactivityTimer expires:

2>
indicate the expiry of the dataInactivityTimer to upper layers.




5.2 RRC procedure related to DataInacitivityTimer
	5.3.8.5
UE actions upon receiving the expiry of DataInactivityTimer
Upon receiving the expiry of DataInactivityTimer from lower layers while in RRC_CONNECTED, the UE shall:

1>
perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';
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