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1. Introduction
In RAN#94 meeting, the Rel-18 Mobile Terminated-Small Data Transmission (WID) was agreed [1]. According to the WID, the objectives of this work item is to specify the support for paging-triggered SDT (MT-SDT) as below:
	Specify the support for paging-triggered SDT (MT-SDT) [RAN2, RAN3]
· 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.
Note: Data transmission in DL within paging message is not in scope of this WI.  


In this paper, we discuss the issues with respect to triggering, procedures, SPS and feature combination for MT-SDT.
2. Discussion
2.1 Overall principles
In Rel-17, when uplink small data arrives, the CG-SDT and RA-SDT procedure in RRC_INACTIVE mode are supported to save UE’s power consumption. Similarly, MT-SDT is to be specified in R18 to handle DL small data arrival. As described in WID, MT-SDT is triggered by paging and supports R17 RA-SDT and CG-SDT as response. Based on this, we think that the main differences between MT-SDT and R17 SDT are in the SDT initiation phase, i.e. before the initial CG resource transmission with CCCH message or before the RACH is triggered. 
Once the UE initiates the MT-SDT procedure, the R17 SDT procedure can be reused as a baseline, including both CG-SDT and RA-SDT and both with anchor relocation and without anchor relocation scenarios. For example, failure handling, RNAU, paging, non-SDT data arrival handling during the SDT procedure as specified in R17, can be reused for MT-SDT. Besides, we also think only initial BWP is used for MT-SDT over RRC_INACTIVE, similarly as in R17 SDT.
Proposal 1: Reuse the R17 SDT procedure as a baseline, including both CG-SDT and RA-SDT and both with anchor relocation and without anchor relocation scenarios.
In the following part, we focus on the enhancements that are needed on top of R17 SDT. 
2.2 Triggering for MT-SDT – network aspects
When UE is in RRC INACTIVE state, UE is in CM-CONNECTED state. Upon DL data arrival, the UPF sends the DL data directly to the last serving gNB. In R17 SDT, UE needs to first check the data volume of the pending UL data for SDT RB to determine whether R17 SDT can be initiated or not. Similarly, with the arrival of the DL data, the last serving gNB has knowledge of the DL data size, based on which the last serving gNB can determine whether the current DL data can be sent through the MT-SDT procedure or not, i.e., the last serving gNB compares the DL data size with its own MT-SDT data volume threshold. However, considering that the last serving gNB has no idea of whether UE is under its coverage, last serving gNB also needs to inform the DL data size in Xn Paging message, so that the other gNBs, including the receiving gNB, can decide whether to send Paging with or without MT-SDT indication. 
Proposal 2: Each gNB within RNA should know SDT data size in order to decide whether to initiate MT-SDT Paging or regular Paging procedure.
In R17 SDT, to support different kinds of services, the sdt-DataVolumeThreshold is specified with several values ranging from dozens of bytes to thousands of bytes, UE is informed by one of them through SIB1. 
SDT-ConfigCommonSIB-r17 ::=          SEQUENCE {
    sdt-RSRP-Threshold-r17               RSRP-Range                                                            OPTIONAL, -- Need R
    sdt-LogicalChannelSR-DelayTimer-r17  ENUMERATED { sf20, sf40, sf64, sf128, sf512, sf1024, sf2560, spare1}  OPTIONAL, -- Need R
    sdt-DataVolumeThreshold-r17          ENUMERATED {byte32, byte100, byte200, byte400, byte600, byte800, byte1000, byte2000, byte4000, byte8000, byte9000, byte10000, byte12000, byte24000, byte48000, byte96000},
    t319a-r17                            ENUMERATED { ms100, ms200, ms300, ms400, ms600, ms1000, ms2000,
                                                      ms3000, ms4000, spare7, spare6, spare5, spare4, spare3, spare2, spare1}
}
Observation 1: The data volume threshold for MO-SDT has several values and ranges from dozens of bytes to thousands of bytes.
Similarly as in R17, the MT-SDT data volume threshold can also have several thresholds and can range from dozens of bytes to thousands of bytes. Based on the data volume size indicated by the last serving gNB, other gNBs may decide, based on their implementation/configuration whether such data size is appropriate for transmission using MT-SDT procedure. Therefore, upon reception of the Xn Paging message with DL data size, each gNB can determine whether to trigger the MT-SDT procedure based on its own data volume threshold. In R17 SDT, upon reception of “SDT Support Request” IE in RETRIEVE UE CONTEXT REQUEST, it is last serving gNB that determines whether to perform anchor relocation or not. As receiving gNB also needs to check its own data volume threshold, last serving gNB also needs to be informed whether the MT-SDT procedure is triggered like in R17. In current spec for R17, the last serving gNB considers that the UE has requested for SDT based on the “SDT Support Request” IE. Considering that MT-SDT may have different definition with R17 SDT, so we can leave RAN3 to discuss whether the spec clarifies that the “SDT Support Request” IE can be reused for R18 MT-SDT, or a new IE for R18 MT-SDT is introduced in RETRIEVE UE CONTEXT REQUEST. It seems evident some network signaling enhancements will be required, but the details of such signaling can be left to RAN3 to decide. We propose to liaise RAN3 accordingly. 
Proposal 3: If proposal 2 is agreed, send an LS to RAN3 asking them to work on signaling details.
2.3 Triggering for MT-SDT – Uu aspects
From the perspective of the UE, how to know whether RAN paging is triggered by MT-SDT needs to be indicated by the network. Based on this indication, the UE may perform RRC Resume procedure accordingly. For example, if the RAN paging is received due to the arrival of MT-SDT data, the UE needs to initiate RRC resume procedure for MT-SDT, including resuming the RBs configured for SDT etc. In LTE MT-EDT, an MT-EDT indication is included in paging message for the UE over the Uu interface, similar approach can be used for MT-SDT.
Proposal 4: MT-SDT is triggered by the paging message that includes the MT-SDT indication sent by the gNB over the Uu interface.
Further, in addition to the MT-SDT indication, whether any other information can be included in paging can be further studied. For example, the paging message could include an uplink grant for sending the RRCResumeRequest message, e.g. in case the period of configured grant resource for CG-SDT is large and the available CG resources are far away. In addition, whether contention-free based RACH procedure is supported and whether the corresponding CFRA resources can be included in the paging should also be considered.
Proposal 5: RAN2 should consider whether additional parameters can be included in the paging message, e.g. CFRA resource or UL grant.
Upon reception of the Paging with MT-SDT indication, UE can initiate the MT-SDT procedure accordingly. In R17 SDT, UE first checks whether CG-SDT is valid and initiates the SDT procedure using CG-SDT if all the conditions for CG-SDT are satisfied. Similarly, upon reception of the Paging with MT-SDT indication, UE can also trigger CG-SDT if all the conditions for CG-SDT are satisfied. Since the R17 CG-SDT is anyway configured, it would be wasted if not used, even if the UE has no UL data to include.
Proposal 6: UE initiates the MT-SDT procedure using CG-SDT resource, if the conditions for using CG-SDT specified in Rel-17 are met.
In R17, if RA-SDT is triggered, the UE uses separate RACH resources for SDT to perform the RA procedure. The grant associated with RACH resources configured for SDT will be bigger than a usual grant that is supposed to carry only CCCH message and not UL SDT data. Therefore, it may lead to resource waste if UE initiates the MT-SDT procedure using R17 SDT resources while there is no UL SDT data to send. Therefore, it should be possible for the UE to use legacy RACH resource in response to MT-SDT Paging, in case the UE has no UL data to send. When the UE happens to have UL small data to send when it receives MT-SDT Paging, the UE can initiate the MT-SDT procedure using R17 RA-SDT resources.
Proposal 7: A UE initiates the MT-SDT procedure using R17 RA-SDT resource when the UE has UL SDT data to send and the UE initiates the MT-SDT procedure using legacy RACH resource when the UE has no UL data to send when responding to MT-SDT Paging.
2.4 DL SPS for MT-SDT
For MT-SDT related service, UE may have periodic traffic data to receive. For example, in Uu positioning, the NW can send the positioning related assistance data periodically, which is used for the UE to receive PRS and perform Uu positioning. Besides, for periodical UL data transmission, i.e., by CG-SDT, UE may also have periodical DL response data to receive.
Observation 2: The DL packets transmitted during MT-SDT will be periodic in certain cases, such as for receiving periodic positioning information/data or receiving acknowledgement of UL data packets transmitted using CG SDT procedure.
Therefore, DL SPS could be useful for transmitting such periodic packets to the UE, e.g. it will help to reduce scheduling overhead for multi-shot DL data transmission.
Observation 3: For the periodic DL data packets transmission during MT-SDT, it will be useful to use DL SPS to reduce the scheduling overhead for multi-shot DL data transmission.
Proposal 8: Allow DL SPS to be configured for SDT session. 
3. [bookmark: OLE_LINK8][bookmark: OLE_LINK7]Conclusion
Based on the discussion in this paper, we recommend RAN2 to discuss and adopt the following proposals: 
General principles
Proposal 1: Reuse the R17 SDT procedure as a baseline, including both CG-SDT and RA-SDT and both with anchor relocation and without anchor relocation scenarios.

Network aspects
Proposal 2: Each gNB within RNA should know SDT data size in order to decide whether to initiate MT-SDT Paging or regular Paging procedure.
Observation 1: The data volume threshold for MO-SDT has several values and ranges from dozens of bytes to thousands of bytes.
Proposal 3: If proposal 2 is agreed, send an LS to RAN3 asking them to work on signaling details.

[bookmark: _GoBack]Uu aspects
Proposal 4: MT-SDT is triggered by the paging message that includes the MT-SDT indication sent by the gNB over the Uu interface.
Proposal 5: RAN2 should consider whether additional parameters can be included in the paging message, e.g. CFRA resource or UL grant.
Proposal 6: UE initiates the MT-SDT procedure using CG-SDT resource, if the conditions for using CG-SDT specified in Rel-17 are met.
Proposal 7: A UE initiates the MT-SDT procedure using R17 RA-SDT resource when the UE has UL SDT data to send and the UE initiates the MT-SDT procedure using legacy RACH resource when the UE has no UL data to send when responding to MT-SDT Paging.

SPS configuration for SDT
Observation 2: The DL packets transmitted during MT-SDT will be periodic in certain cases, such as for receiving periodic positioning information/data or receiving acknowledgement of UL data packets transmitted using CG SDT procedure.
Observation 3: For the periodic DL data packets transmission during MT-SDT, it will be useful to use DL SPS to reduce the scheduling overhead for multi-shot DL data transmission.
Proposal 8: Allow DL SPS to be configured for SDT session. 
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