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1 Introduction
Transitioning from inactive into connected mode just to send a small amount of data creates increased signaling overhead in the network and increased battery consumption. For devices supporting eMBB services, applications can have frequent background small data (e.g. app refresh data, notifications etc.), which may be periodic or aperiodic. Further, sensors and IoT devices may have considerable amount of signalling and small data. Requiring the UE to move to connected mode for such small data or signalling thus affects power consumption considerably. 

A work item on NR small data transmissions in inactive state agreed in [1] includes the following objective:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):

· General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]

· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 

The work item scope in [1] includes small data transmission using 2-step RA, 4-step RA, and CG in INACTIVE. This contribution discusses handling arrival of non-SDT data, SDT failure detection timer, and switching from SDT to non-SDT
2 Discussion
2.1 Data arrival from non-SDT DRB

In RAN2#113bis-e, it was agreed that non-SDT radio bearers are only resumed upon receiving RRCResume.  One option is for UE to transition into connected mode by triggering a new RRC Resume within AS upon data arrival from a non-SDT DRB (as in legacy), which in turn can initiate a new resume RA procedure. UE can modify the resume cause to explicitly differentiate new Resume Request (triggered by arrival of non-SDT data) from RRC Resume Request already transmitted to initiate the SDT session. The UE may select a different resume cause or considering there are several spare bits a new resume cause may be defined. 
Once potential issue raised in previous discussion is that by triggering a separate RRC Resume Request while another is ongoing, the ResumeMAC-I will be repeated for subsequent Resume Requests possibly leading to security concerns. However, this can already occur, for example if UE receives RRC Reject to first Resume Request and attempts a second Resume Request on the same cell. Providing an explicit resume cause can also clearly indicate to the network why this RRC Resume procedure is initiated again, which should alleviate the security issue. In RAN2#113bis-e an LS was sent to SA3 asking for confirmation that this is satisfactory from a security standpoint. RAN2 may wait until response before formal agreement.
Proposal 1: 
RRC Resume request triggered by arrival of non-SDT data is explicitly differentiated from SDT Resume request via a different resume cause (pending SA3 confirmation). FFS: whether new resume cause is chosen from existing options or a new resume cause is defined.
Alternatively, A DCCH message could be used to indicate presense of non-SDT data e.g. a DCCH message would be triggered to indicate arrival of data over non-SDT RBs. Considering DCCH message uses SRB1, the security context would have already been resumed. This works if the UE will transmit the DCCH message only on dedicated grants, as typically the UE has an RRC connection prior to transmitting a DCCH message and the ul-DCCH-message is intended for transmission on dedicated grants. Non-SDT data can arrive before the receiving a CG for subsequent small data, and in such case the UE does not have a dedicated grant. Transmission of DCCH messages on MgsA/Msg3 grants can face contention and the UE identity is not necessarily known, and the UE context may also be unknown for a RA at the target gNB. This solution could be further studied provided it can be decoded for msg3/msgA as well.
The question is then: what happens with ongoing subsequent small data transmission when new data arrives from non-SDT DRBs? In such case, the UE triggers an RRC resume request and a legacy resume procedure, and the UE can stop transmitting subsequent small data in INACTIVE state.  Once the UE receives a resume message to move to connected mode, the UE can then re-establish non-SDT data to ensure that remaining data buffered for SDT-DRBs is not lost and can be transmitted in connected mode. 
Proposal 2: 
UE re-establishes SDT DRBs upon transitioning into connected mode to ensure any remaining buffered small data is not lost.
2.2 SDT Failure Detection Timer

In RAN2#113bis-e a new T319-like timer was introduced to detect transmission failure during the SDT procedure. The SDT failure detection timer is started upon initiation of the SDT procedure, and stopped upon the same legacy conditions as T319. UE behaviour during cell reselection and timer expiry, as well as timer duration during subsequent data transmission remain FFS.

If UE performs cell reselection while T319 is running, UE transitions to IDLE (since this was an unlikely event in legacy). However, there is an increased likelihood of this occurring in SDT due to extended timer durations caused by subsequent SDT. As well, unlike in legacy if the UE transitions to IDLE with small data PDUs pending transmission, data loss may occur. To avoid introducing unreliability into the small data procedure, UE could instead remain in INACTIVE and transmit RRC Resume Request in new cell to continue SDT procedure. An LS has been sent to SA3 to verify if there are any feasibility concerns re-using the NCC and I-RNTI value in a new cell to generate message. RAN2 may similarly wait until response from SA3 before formal agreement.

Proposal 3: 
For cell re-selection during ongoing SDT procedure, UE remains in INACTIVE and transmits an RRC Resume request in the new cell (pending SA3 confirmation).
Another open issue is how SDT failure detection timer accommodates extended durations in subsequent small data phase. Two options considered are: 1) an extended timer duration to accommodate full duration of subsequent SDT; or 2) Timer is restarted upon (re)transmission or reception of small data. 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. 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 4: 
SDT failure detection timer is restarted upon (re)transmission or reception of small data.

If SDT failure detection timer expires, it is a likely indication of radio link failure. In this case, the same procedure as T319 expiry could be adopted (i.e. UE transitions to IDLE). However, as previously stated UE may have pending small data PDUs which could be lost. To avoid this, UE may optionally initiate RRC Connection Setup and attempt attempt higher-layer transmission of small data.
Proposal 5: 
Upon SDT failure detection timer expiry, the UE follows the same procedure as T319 expiry (e.g. UE transitions to IDLE as in the case of expiry of the T319 timer and attempts RRC connection setup). FFS if UE attempts higher-layer retransmission of small data.

2.3 Switching from SDT to non-SDT

In RAN2#113bis-e it was agreed that switching from SDT to non-SDT is supported at least when UE receives RRCResume message. It remains FFS whether an explicit indication from the network (e.g. via RAR/fallbackRAR or DCI) is also introduced to switch UE to non-SDT procedure. The intention of non-RRC based indication would be to quickly fallback to non-SDT procedure in poor channel conditions where the network may decode a portion of the UL transmission (e.g. msgA preamble or CG DMRS), but not the accompanying SDT PDU. 

Although it has already been agreed network can respond with RRCResume in msg4/msgB to switch UE to non-SDT procedure. An explicit indication in RAR/fallbackRAR would only provide a small reduction in delay for 4-step RACH (indication in msg 2 vs msg4) and would actually increase delay for 2-step RACH (by requiring the UE to fallback to 4-step vs. completing RACH procedure in msgB). This situation should rarely occur anyways considering an RSRP threshold must be satisfied prior to initiation of SDT procedure, so channel conditions are likely satisfactory upon initial small data PDU transmission. An additional non-RRC indication seems to be an unnecessary optimization.

Proposal 6: 
A non-RRC based network indication in RAR/fallbackRAR/DCI to switch UE to non-SDT procedure is not introduced.
It is also FFS whether UE may switch to non-SDT if initial UL transmission fails a configured number of times (e.g. UE has not received a network response after configured number of transmission attempts). Currently the SDT failure detection timer is used to indicate radio link failure during SDT procedure. However, switching to non-SDT procedure preemptively could allow corrective actions faster than waiting for timer expiry. Additionally, if non-SDT Resume is successful UE may attempt to retransmit data in connected mode, possibly avoiding data loss if upon SDT timer expiry UE transitions to IDLE (as in legacy T319).

The UE can therefore switch to non-SDT access after failing a configured number of times, where the failure can be determined by the lack of MsgB/4 reception by the expiry of the contention resolution or MsgB timer or by determining a NACK in the case of CG transmissions.

Proposal 7: 
UE switches from SDT to non-SDT upon failing initial UL transmission (in msgA/Msg3/CG resources) a configured number of times
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
RRC Resume request triggered by arrival of non-SDT data is explicitly differentiated from SDT Resume request via a different resume cause (pending SA3 confirmation). FFS: whether new resume cause is chosen from existing options or a new resume cause is defined.
Proposal 2: 
UE re-establishes SDT DRBs upon transitioning into connected mode to ensure any remaining buffered small data is not lost.

Proposal 3: 
For cell re-selection during ongoing SDT procedure, UE remains in INACTIVE and transmits an RRC Resume Request in the new cell (pending SA3 confirmation).
Proposal 4: 
SDT failure detection timer is restarted upon (re)transmission or reception of small data.

Proposal 5: 
Upon SDT failure detection timer expiry, the UE follows the same procedure as T319 expiry (e.g. UE transitions to IDLE as in the case of expiry of the T319 timer and attempts RRC connection setup). FFS if UE attempts higher-layer retransmission of small data.

Proposal 6: 
A non-RRC based network indication in RAR/fallbackRAR/DCI to switch UE to non-SDT procedure is not introduced.
Proposal 7: 
UE switches from SDT to non-SDT upon failing initial UL transmission (in msgA/Msg3/CG resources) a configured number of times
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