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Introduction
A new work item on NR small data transmissions in inactive state agreed in [4]. 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, as well as support for lossless small data transmission upon INACTIVE cell re-selection.
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]:
	Agreements:
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]:
	Agreements:
…
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.
SDT failure detection
Introduction of an SDT failure detection timer
To avoid premature declaration of RRC connection resume failure during subsequent small data transmission, one solution discussed in [3] is to extend the T319 timer. 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.
To avoid a negative impact to important legacy procedures, modification of RRCResumeRequest and related procedures to accommodate SDT should be minimized as much as possible. It is therefore proposed a new timer be introduced for SDT failure detection.
Proposal 1:	Introduce a new SDT timer for small data transmission failure detection.
As this timer is used during SDT, a logical start condition is upon transmission of a small data PDU. Considering the duration of subsequent small data transmission may vary, defining a timer duration which can accommodate all scenarios may be difficult. 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 upon transmission of a new PDU. Expiry of this timer will naturally indicate small data transmission failure.
Proposal 2:	UE (re)-starts the SDT failure detection timer upon transmitting a new small data PDU.
Proposal 3:	UE declares SDT failure upon expiry of the SDT failure detection timer.
Proposal 4:	UE stops the SDT failure detection timer upon receiving RRCResume or RRCRelease with suspend. 
UE actions upon SDT failure detection timer expiry
Considering RACH-based small data assumes time synchronization with the network (e.g. via TA Msg2 or upon satisfaction of RSRP threshold to select 2-step), expiry of SDT failure detection timer may therefore indicate e.g. excessive cell load or radio link issues, in which case UE should transition to IDLE and initiate RRC re-establishment procedure.
Proposal 5:	Upon declaring SDT failure on RACH, UE transitions into IDLE mode and initiates an RRC re-establishment procedure.
However, for small data transmission on CG resource, under current assumptions there is no such procedure to ensure time alignment between UE and gNB, unless an RSRP SDT threshold is agreed for whether the UE can select an SDT resource. Further, the UE is not assumed to receive a TA command prior to small data transmission on CG. As the lack of time alignment between the UE and gNB may be the source of transmission failure, it is proposed that for UE performing SDT on CG resource, upon SDT failure detection timer expiry, UE falls back to attempt SDT retransmission on RACH resource prior to declaring SDT failure.
Proposal 6:	Upon declaring SDT failure on CG, UE remains in INACTIVE and selects RACH-based SDT resource to retransmit the SDT PDU.
SDT failure detection timer during cell re-selection
Under current behaviour, if T319 is running during cell reselection, UE transitions to IDLE with release cause “RRC Resume failure”. Such behaviour may be justified in legacy (i.e. during RRC connection resume or RNAU) as the probability of cell reselection during such procedures is low. However, the probability a UE will perform cell reselection while a timer is running is higher in SDT as INACTIVE failure detection timer may run for longer durations due to subsequent small data transmission. Such transitions to IDLE during SDT not only increases small data transmission latency due to re-establishment, but results in loss of all pending small data PDUs. 
Observation 4:	The probability of cell reselection while a failure detection timer is running is increased due to extended timer duration during subsequent SDT.
Observation 5:	During INACTIVE cell reselection, transitioning to IDLE while a failure detection timer is running results in data loss and additional transmission latency during SDT.
To prevent unnecessary loss of data and additional latency incurred during RRC re-establishment, it is proposed that while SDT failure detection timer is running, UE remains in INACTIVE mode during cell reselection.
Proposal 7:	UE remains in INACTIVE mode during cell reselection while SDT failure detection timer is running. 
Proposal 8:	Upon cell reselection while SDT failure detection timer is running, UE initiates a new RACH procedure with RRCResume request. 
Although this may aid in preventing small data loss, additional upper layer mechanisms (e.g. PDCP layer retransmission) may be required to further reduce small data transmission loss during INACTIVE cell reselection. Although a detailed procedure can be FFS, it is noted that existing procedures should be leveraged as much as possible.
Conclusion
In this contribution the following observations were made concerning SDT transmission failure and cell reselection.
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:	The probability of cell reselection while a failure detection timer is running is increased due to extended timer duration during subsequent SDT.
Observation 5:	During INACTIVE cell reselection, transitioning to IDLE while a failure detection timer is running results in data loss and additional transmission latency during SDT.
From the above observations and discussion, the following is proposed:
Proposal 1:	Introduce a new SDT timer for small data transmission failure detection.
Proposal 2:	UE (re)-starts the SDT failure detection timer upon transmitting a new small data PDU.
Proposal 3:	UE declares SDT failure upon expiry of the SDT failure detection timer.
Proposal 4:	UE stops the SDT failure detection timer upon receiving RRCResume or RRCRelease with suspend. 
Proposal 5:	Upon declaring SDT failure on RACH, UE transitions into IDLE mode and initiates an RRC re-establishment procedure.
Proposal 6:	Upon declaring SDT failure on CG, UE remains in INACTIVE and selects RACH-based SDT resource to retransmit the SDT PDU.
Proposal 7:	UE remains in INACTIVE mode during cell reselection while SDT failure detection timer is running. 
Proposal 8:	Upon cell reselection while SDT failure detection timer is running, UE initiates a new RACH procedure with RRCResume request. 
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