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1 Introduction
Rel-17 specified MO-SDT to allow small packet transmission for UL-oriented packets. For DL, MT-SDT (i.e. DL-triggered small data) allows similar benefits, i.e. 1) reducing signalling overhead and UE power consumption by not transitioning to RRC_CONNECTED and reducing latency by allowing fast transmission of (small and infrequent) packets, e.g. for positioning. Release 18 WID [1] aims to address the following objectives to specify the support for paging-triggered SDT (MT-SDT):

· MT-SDT triggering mechanism for UEs in RRC_INACTIVE, supporting RA-SDT and CG-SDT as the UL response;

· MT-SDT procedure for initial DL data reception and subsequent UL/DL data transmissions in RRC_INACTIVE.

In this contributions we discuss triggering mechanism and procedure for MT-SDT in RRC_INACTIVE.

2 Discussion
2.1 MT-SDT Initiation at GNB

While the UE is in RRC_INACTIVE state, UE context is kept at the last serving gNB. The last serving gNB also keeps the UE-associated NG connection with the serving AMF and UPF. In RRC_INACTIVE state, RAN paging is triggered if the last serving gNB receives DL data from the UPF or DL UE-associated signalling from the AMF (except the UE Context Release Command message). For RAN paging, last serving gNB pages in the cells corresponding to the RNA and may send XnAP RAN Paging to neighbor gNB(s) if the RNA includes cells of neighbor gNB(s). 
MT-SDT can be triggered by gNB upon arrival of DL data/signaling for UE from UPF/AMF. So it is natural to consider transmission of MT-SDT indication from gNB to UE together with RAN paging. For RAN paging, gNB transmits PDCCH addressed to P-RNTI which schedules the TB for paging message including paging record for paged UE’s I-RNTI. Since the MT-SDT indication is UE specific indication, MT-SDT indication should be included in paging message (per PagingRecord).
Proposal 1: gNB may include MT-SDT indication in paging message transmitted to UE(s). 
Proposal 2: MT-SDT indication is per paged UE (e.g. it can be included in PagingRecord).
Upon arrival of DL data/signaling from UPF/AMF, gNB needs to decide whether to trigger MT-SDT or not. There are several options to consider for this trigger:

Option 1A: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF, gNB triggers MT-SDT.
Option 1B: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF and volume of data/signaling is <= threshold, gNB triggers MT-SDT.
Option 2A: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF only for SDT radio bearer(s), gNB triggers MT-SDT.
Option 2B: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF only for SDT radio bearer(s) and volume of data/signaling in SDT radio bearer(s) is <= threshold, gNB triggers MT-SDT.

Option 1A may trigger MT-SDT even for the cases connection resumption is inevitable. Option 1B may trigger MT-SDT when data arrives for non SDT radio bearers which is not desirable. Option 2 does not trigger MT-SDT frequently and is aligned with MO-SDT wherein data volume of SDT RBs is considered for triggering SDT procedure. RBs configured for SDT is stored in UE context, so gNB can use this information to trigger MT-SDT. For data volume threshold for MT-SDT, the exact threshold to apply can be left to network implementation.
Proposal 3: Discuss and agree on one of the following options:

Option A: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF only for SDT radio bearer(s), last serving gNB triggers MT-SDT.
Option B: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF only for SDT radio bearer(s) and volume of data/signaling in SDT radio bearer(s) is <= threshold, last serving gNB triggers MT-SDT.

RAN paging can be done via cells of gNB other than last serving gNB in same RNA. In this case, it needs to be determined whether last serving gNB or other gNB decides whether to send MT-SDT indication in paging message to UE. Since last serving gNB has the UE’s context and DL data/signaling arrives at this gNB from UPF/AMF, it can determine whether to trigger MT-SDT or not and inform the same to other gNB(s) via XnAP Paging message. An alternate option would be that last serving gNB inform other gNB(s) about data volume and associated RBs of data in buffer and UE capability. In our view determination by last serving gNB is more efficient. Upon receiving MT-SDT indication in XnAP Paging message for a UE, from last serving gNB, gNB indicates MT-SDT indication for that UE in paging message.
Proposal 4: Upon determination to trigger MT-SDT for an UE, last serving gNB may indicate MT-SDT indication in XnAP Paging message.

Proposal 5: Upon receiving MT-SDT indication in XnAP Paging message from last serving gNB for a UE, gNB indicates MT-SDT indication for that UE in paging message.

2.2 MT-SDT operation at UE

For MO-SDT, when UL data arrives in RRC_INACTIVE, UE performs following operation, UE first select the UL carrier (NUL or SUL). 

· If CG-SDT resources are configured on selected carrier; and TA is valid; and if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available; and if, for each RB having data available for transmission, configuredGrantType1Allowed, if configured, is configured with value true for the corresponding logical channel; and data is available only for SDT RBs; and data volume across all SDT RBs is less than threshold; and DL RSRP is greater than a threshold: - 

· CG-SDT is selected
· Else if RA-SDT resources are configured on selected carrier and data is available only for SDT RBs and data volume across all SDT RBs is less than threshold and DL RSRP is greater than a threshold: 

· RA-SDT is selected; between 2 step and 4 step, selection is based on RSRP if RA-SDT resources for both are available.
· Else: 

· No SDT
Upon receiving the paging message including its I-RNTI and MT-SDT indication, UE can initiate either the CG-SDT or RA-SDT. The selection between CG-SDT and RA-SDT can be done as follows:

Option 1:

· If CG-SDT resources are configured on selected carrier and TA is valid and if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available:
· CG-SDT is selected
· Else if RA-SDT resources are configured on selected UL carrier
· RA-SDT is selected
· Else
· No SDT
· Note that this case may not occur if we assume that gNB sends MT-SDT indication only if the cell supports at least one of CG-SDT and RA-SDT.

· Note: Selected carrier is SUL or NUL, selected as in current spec

Option 2:

· If CG-SDT resources are configured on selected carrier and TA is valid and if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available and DL RSRP is greater than a threshold

· CG-SDT is selected

· Else if RA-SDT resources are configured on selected carrier and DL RSRP is greater than a threshold

· RA-SDT is selected

· Else

· No SDT
· Note: Selected carrier is SUL or NUL, selected as in current spec

The different between option 1 and option 2 is that option 2 considers DL RSRP in selection procedure whereas option 1 does not. Even if the network has indicated MT-SDT indication, it is possible that UE’s DL quality is not good and it would not be efficient to transmit data in downlink in RRC_INACTIVE state. Additionally even though DL data triggers MT-SDT, UL data may also be transmitted subsequently during the SDT procedure. Also option 1 and option 2 are different from legacy procedure as UL data volume is not used in selection procedure.
Proposal 6: Discuss whether UE uses DL RSRP for initiating SDT procedure upon reception of paging message with MT-SDT indication.

Proposal 7: If DL RSRP is used for initiating SDT procedure upon reception of paging message with MT-SDT indication, agree on the following for selection between CG-SDT and RA-SDT:

· If CG-SDT resources are configured on selected carrier and TA is valid and if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available and DL RSRP is greater than a threshold

· CG-SDT is selected

· Else if RA-SDT resources are configured on selected carrier and DL RSRP is greater than a threshold

· RA-SDT is selected

· Else

· No SDT

Proposal 8: If DL RSRP is not used for initiating SDT procedure upon reception of paging message with MT-SDT indication, agree on the following for selection between CG-SDT and RA-SDT:

· If CG-SDT resources are configured on selected carrier and TA is valid and if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available:

· CG-SDT is selected

· Else if RA-SDT i resources are s configured on selected UL carrier

· RA-SDT is selected

· Else

· No SDT

In case of MT-SDT, the first UL message does not need to carry UL data and hence size of PUSCH resource for first UL transmission on PUSCH can be much smaller compared to MO-SDT. As a result CG-SDT or RA-SDT resources for MT-SDT can be separately configured from MO-SDT.
Proposal 9: Discuss whether CG-SDT resources for MT-SDT and MO-SDT are configured separately or not.

Proposal 10: Discuss whether RA-SDT resources for MT-SDT and MO-SDT are configured separately or not.
In case of MO-SDT, network signals the RB(s) for which SDT is configured. The similar approach can be followed for MT-SDT. The RBs for which SDT is configured can be common for MT-SDT and MO-SDT or can be separately configured.
Proposal 11: Discuss whether RB(s) for which SDT is configured is common for both MT-SDT and MO-SDT.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: gNB may include MT-SDT indication in paging message transmitted to UE(s). 

Proposal 2: MT-SDT indication is per paged UE (e.g. it can be included in PagingRecord).

Proposal 3: Discuss and agree on one of the following options:

Option A: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF only for SDT radio bearer(s), last serving gNB triggers MT-SDT.

Option B: If UE supports MT-SDT and DL data/signaling arrives from the UPF/AMF only for SDT radio bearer(s) and volume of data/signaling in SDT radio bearer(s) is <= threshold, last serving gNB triggers MT-SDT.

Proposal 4: Upon determination to trigger MT-SDT for an UE, last serving gNB may indicate MT-SDT indication in XnAP Paging message.

Proposal 5: Upon receiving MT-SDT indication in XnAP Paging message from last serving gNB for a UE, gNB indicates MT-SDT indication for that UE in paging message.

Proposal 6: Discuss whether UE uses DL RSRP for initiating SDT procedure upon reception of paging message with MT-SDT indication.

Proposal 7: If DL RSRP is used for initiating SDT procedure upon reception of paging message with MT-SDT indication, agree on the following for selection between CG-SDT and RA-SDT:

· If CG-SDT resources are configured on selected carrier and TA is valid and if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available and DL RSRP is greater than a threshold

· CG-SDT is selected

· Else if RA-SDT resources are configured on selected carrier and DL RSRP is greater than a threshold

· RA-SDT is selected

· Else

· No SDT

Proposal 8: If DL RSRP is not used for initiating SDT procedure upon reception of paging message with MT-SDT indication, agree on the following for selection between CG-SDT and RA-SDT:

· If CG-SDT resources are configured on selected carrier and TA is valid and if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available:

· CG-SDT is selected

· Else if RA-SDT i resources are s configured on selected UL carrier

· RA-SDT is selected

· Else

· No SDT

Proposal 9: Discuss whether CG-SDT resources for MT-SDT and MO-SDT are configured separately or not.

Proposal 10: Discuss whether RA-SDT resources for MT-SDT and MO-SDT are configured separately or not.

Proposal 11: Discuss whether RB(s) for which SDT is configured is common for both MT-SDT and MO-SDT.
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