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Introduction
A new work item on NR small data transmissions in inactive state agreed in [4]. It was agreed in R2#112e to introduce a new timer to detect and handle failures during the small data procedure:
	Define a new timer.  FFS whether it has the same definition as T319 or it is restarted every UL/DL

This contribution discusses small data transmission (SDT) failure detection timer. Actions upon expiry of this timer for both the RACH and CG SDT cases are proposed.
Background
RRC connection resume failure detection in INACTIVE
In RAN2#111e meeting, the following agreements were reached regarding RRC vs. RRC-less based small data transmission procedure [1]:
	1. Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes
2. RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority 
… 



For SDT with RRC message, UE transmits RRCResumeRequest along with a MAC data PDU in e.g. MsgA/Msg3. One benefit to this approach is if UE performs SDT to a gNB other than the last serving gNB, it allows the network to leverage existing procedures involving RRCResumeRequest to retrieve UE context from the last serving gNB.
Under current specification, RLM and beam failure detection are not supported until the UE transitions to RRC_CONNECTED mode (i.e. after RRCResume message).  Instead, to detect transmission failure in INACTIVE UE starts the T319 timer upon transmission of RRCResumeRequest/RRCResumeRequest1. This timer is stopped upon reception of a response RRC message (e.g. RRCResume), cell re-selection, or abortion of connection establishment by upper layers. At timer expiry, UE declares RRC connection resume failure, performing actions described in TS 38.331 section 5.1.13.5 [2]. 
Subsequent SDT and T319
To provide greater flexibility regarding the amount of data a UE can transmit via SDT prior to requiring transition to connected mode, an agreement was reached in RAN2#111e to enable UE to perform subsequent small data transmission [1]:
	1. When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  



However, as UE transmits RRCResumeRequest with initial small data PDU, the current maximum value of T319 may be insufficient to account for multiple small data packets and may expire before the network sends the RRC response (suspend), triggering an unnecessary failure. The UE transitions into IDLE mode upon expiry of T319, which can lead to data loss.
Observation 1:	To avoid premature declaration of connection resume failure, current maximum T319 value may be insufficient for at least subsequent small data transmission.
Extending T319 aims to avoid premature declaration of RRC connection resume failure during subsequent small data transmission. However, as T319 is configured in ue-TimersAndConstants in SIB1, the same T319 value applies to all UEs within the cell regardless of whether RRCResumeRequest is used for subsequent small data transmission or legacy procedure such as RNAU or connection resume. 
Observation 2:	T319 is configured in SIB1 and applies to all UEs within the cell regardless of whether RRCResumeRequest was sent with small data or for legacy procedures.
In addition to extending the time for legacy UEs to declare possible RRC connection resume failure and increasing power consumption due to longer monitoring durations, UEs performing small data transmission may transmit RRCResumeRequest for purposes other than small data (e.g. transition to connected, or periodic RNAU). 
Observation 3:	Extending T319 to accommodate small data transmission negatively impacts legacy procedures such as RNAU and RRC connection resume by increasing detection time of connection resume failure and UE power consumption.
It was therefore agreed in R2#112e to introduce a new timer to detect and handle failures during the small data procedure.
SDT failure detection timer handline
Transmission or reception of an initial small data PDU is a logical start condition for the new SDT failure detection timer, with timer expiry indicating small data transmission failure. In email discussion [Post112-e][551][SDT], the following FFS details were further captured regarding timer duration:
Option 1) extended T319 like timer, or;
Option 2) timer restarted after each UL/DL.
Option 1 restricts the network to configuring a timer duration based on the predicted total/max time for subsequent small transmission to avoid premature timer expiry. Considering this duration is variable, defining a timer duration which can accommodate all scenarios may be difficult, and result in unnecessary delay to SDT transmission failure detection. 
Observation 4:	An extended T319-like timer restricts the network to configuring timer duration based on predicted total time for subsequent SDT, and can result in a delayed detection of SDT transmission failure due to varying transmission durations.
To accommodate subsequent small data transmission with varying duration as well as prevent extended timer values for UE transmitting only one small data PDU, the UE may re-start the SDT failure detection timer after each uplink transmission of a PDU, or downlink reception. 
Proposal 1:	UE (re)-starts the SDT failure detection timer upon transmitting or retransmitting a small data PDU in INACTIVE state.
Proposal 2:	UE (re)-starts the SDT failure detection timer upon receiving a downlink transmission in INACTIVE state.
Upon reception of an RRC message the SDT failure detection timer should be stopped and corresponding RRC command performed by the UE, as in legacy T319 behaviour.
Proposal 3:	UE stops the SDT failure detection timer upon receiving RRCResume, RRCSetup, RRCRelease, RRCRelease with SuspendConfig or RRCReject with suspend. 
The UE can declare an SDT failure upon expiry of the timer and carry on with recovery. Expiry of SDT failure detection timer can indicate e.g. excessive cell load or radio link issues, in which case UE should transition to IDLE and initiate RRC establishment procedure. 
Proposal 4:	Upon expiry of the SDT failure detection timer, UE transitions into IDLE mode and initiates RRC establishment procedure.
Conclusion
In this contribution the following observations were made concerning SDT transmission failure:
Observation 1:	To avoid premature declaration of connection resume failure, current maximum T319 value may be insufficient for at least subsequent small data transmission.
Observation 2:	T319 is configured in SIB1 and applies to all UEs within the cell regardless of whether RRCResumeRequest was sent with small data or for legacy procedures.
Observation 3:	Extending T319 to accommodate small data transmission negatively impacts legacy procedures such as RNAU and RRC connection resume by increasing detection time of connection resume failure and UE power consumption.
Observation 4:	An extended T319-like timer restricts the network to configuring timer duration based on predicted total time for subsequent SDT, and can result in a delayed detection of SDT transmission failure due to varying transmission durations.
From the above observations and discussion, the following is proposed:
Proposal 1:	UE (re)-starts the SDT failure detection timer upon transmitting or retransmitting a small data PDU in INACTIVE state.
Proposal 2:	UE (re)-starts the SDT failure detection timer upon receiving a downlink transmission in INACTIVE state.
Proposal 3:	UE stops the SDT failure detection timer upon receiving RRCResume, RRCSetup, RRCRelease, RRCRelease with SuspendConfig or RRCReject with suspend. 
Proposal 4:	Upon expiry of the SDT failure detection timer, UE transitions into IDLE mode and initiates RRC establishment procedure.
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