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1. Introduction
In RAN2#120 meeting, the following agreements were made.
Agreements
1. For RAN paging, MT-SDT indication (at least one bit) is explicitly included per UE via a paging message.  FFS if more information for MT-SDT are needed FFS what the indication will be called.  FFS signalling details
2. Rel-18 MT-SDT after the MT-SDT paging trigger is detected, RA-SDT and CG SDT solutions/procedures specified in Rel-17 is re-used as a baseline.  The detailed triggers will be discussed on case by case.  FFS on resources used for access  
3. UE can use non-SDT random access resources for accessing the network for an MT-SDT transfer.  The UE can also use the configured grant resources and/or MO-RA resources.  
4. The network should be able to differentiate why the UL access was triggered, i.e. implicit or explicit indication by the UE. 
5. MT-SDT is data that belongs to bearers that are configured for SDT.    FFS whether the configuration is MO-SDT or MT-SDT specific.  The network can only trigger MT-SDT if the data belongs to those bearers.  
6. It is possible for the network to configure only MT-SDT without MO-SDT RA resources and/or CG-SDT.  Subsequent UL/DL data belonging to SDT bearers while in INACTIVE is allowed like MO-SDT procedure.  FFS stage 3 details
7. New Resume cause in RRC resume will be introduced, one code point MT-SDT indication
In this paper, we further discuss the issues with respect to triggering, resources selection and SPS for MT-SDT.
2. Discussion
2.1 Triggering for MT-SDT
2.1.1 RAN paging 
RAN2 agreed the following during RAN2#120 meeting:
	1. For RAN paging, MT-SDT indication (at least one bit) is explicitly included per UE via a paging message.  FFS if more information for MT-SDT are needed FFS what the indication will be called.  FFS signalling details


The signalling details of the MT-SDT indication in paging should be specified. In LTE, if paging is triggered due to arrival of downlink data, and the NW determines that it can be transmitted by MT-EDT, “mt-EDT” flag is included in PagingRecord so that the UE can determine that the paging is related to MT-EDT and initiate a corresponding MT-EDT procedure. Similarly, in Rel-18 MT-SDT, for RAN paging, “mt-SDT” parameter can be included in the UE’s PagingRecord.

Paging-v1800-IEs ::=                SEQUENCE {
    pagingRecordList-v1800              PagingRecordList-v1800    OPTIONAL, -- Need N
    nonCriticalExtension                SEQUENCE {}                OPTIONAL
}

PagingRecordList-v1800 ::=          SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord-v1800
PagingRecord-v1800 ::=              SEQUENCE {
    mt-SDT-r18                      ENUMERATED {true}      OPTIONAL    -- Need N
}
Proposal 1: MT-SDT indication, named “mt-SDT”, is included in the UE’s PagingRecord.
In addition to the mt-SDT indication, including additional information in the paging message may be beneficial. 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. If RACH access is used, to transmit data faster and reduce UE power consumption, we think that the CFRA procedure can be supported in response to MT-SDT paging as well, and the corresponding CFRA resources can be included in the paging message.
Proposal 2: CFRA resource or UL grant can be included in the paging message with MT-SDT indication.
2.1.2 Conditions for initiating MT-SDT
Upon reception of the Paging with mt-SDT indication, UE can initiate the MT-SDT procedure accordingly if the triggering conditions of the MT-SDT are satisfied. Then, we should determine which conditions should be checked by RRC and MAC layer of the UE.
In R17 SDT, UE initiates the resume procedure for SDT when the conditions for initiating SDT are satisfied. The detailed conditions for initiating SDT in R17 for RRC to check include the following:
· Condition 1: the upper layers request resumption of RRC connection; and
· Condition 2: SIB1 includes sdt-ConfigCommon; and
· Condition 3: sdt-Config is configured; and
· Condition 4: all the pending data in UL is mapped to the radio bearers configured for SDT; and
· Condition 5: lower layers indicate that conditions for initiating SDT as specified in TS 38.321 are fulfilled.
Similarly, RRC also needs to check conditions for MT-SDT before initiating the MT-SDT procedure. The conditions for MT-SDT and R17 SDT are not completely the same: 
· Condition 1: for MT-SDT, the condition “the upper layers request resumption of RRC connection” is not needed, while a UE needs to receive paging for MT-SDT.
· Condition 2: RAN2#120 has agreed that “It is possible for the network to configure only MT-SDT without MO-SDT RA resources and/or CG-SDT”. As MT-SDT can be configured without R17 MO-SDT, if the legacy sdt-ConfigCommon IE is reused and NW only supports MT-SDT without MO-SDT, this will lead to misunderstanding between the UE and the NW. For example, from the perspective of the UE configured with MO-SDT, after the UE checks that the NW sends sdt-ConfigCommon IE, UE assumes that the NW supports MO-SDT. But from NW perspective, the sdt-ConfigCommon IE would actually be for MT-SDT and the provided parameters would be for MT-SDT.  This is why another sdt-ConfigCommon IE is needed to obtain the necessary MT-SDT configuration. Therefore, an sdt-ConfigCommon specially for MT-SDT can be introduced, which can include at least e.g., sdt-RSRP-Threshold, t319a.
· Condition 3: the sdt-Config parameter can be reused, while at least the RB configuration should be included in it.
· Condition 4: for MT-SDT, there is DL small data to be transmitted, and the UE may or may not have UL SDT data to send, so the current Condition 4 for R17 SDT may not be fully used for MT-SDT. Also, if the UE has UL non-SDT data to send, UE should initiate the RRC resume procedure to enter into RRC connected. Therefore, a modified Condition 4 which indicates “There is no pending non-SDT data” should be used for MT-SDT.
· Condition 5: some conditions will have to be checked by the lower layers, but they may differ from the ones used for MO-SDT (see below).
Therefore, from the RRC perspective, at least the following condition should be satisfied for MT-SDT:
· Paging with mt-SDT indication is received;
· SIB1 includes sdt-ConfigCommon for MT-SDT. The sdt-ConfigCommon for MT-SDT may include at least sdt-RSRP-Threshold and t319a;
· sdt-Config is configured. The sdt-Config IE at least contains the sdt-DRB-List to indicate which DRBs can be used for MT-SDT, sdt-SRB2-Indication to indicate whether SRB2 can be used for MT-SDT (this list can be common for MO-SDT and MT-SDT in case both are enabled in the network);
· There is no pending non-SDT UL data;
· Lower layers indicate that the conditions for initiating MT-SDT are fulfilled.
Proposal 3: The conditions checked by the RRC layer to determine whether to initiate MT-SDT procedure include:
· Paging with mt-SDT indication is received;
· SIB1 includes sdt-ConfigCommon for MT-SDT, sdt-ConfigCommon for MT-SDT may include at least sdt-RSRP-Threshold and t319a;  
· sdt-Config is configured;
· There is no pending non-SDT UL data;
· Lower layers indicate that conditions for initiating MT-SDT are fulfilled.
In Rel-17 MO-SDT, if the SDT procedure is initiated by the upper layers, the MAC entity shall perform RSRP and data volume check and the resource selection procedure. If neither RA-SDT nor CG-SDT resources are selected, the UE indicates to upper layer that the condition for MO-SDT is not fulfilled. However, in Rel-18, UE can use non-SDT random access resources for accessing the network for an MT-SDT transfer, which differs from R17 MO-SDT.
Observation 1: The MAC procedure for MT-SDT is different from R17 MO-SDT, e.g., when legacy RA is selected in R17 MO-SDT, UE indicates to upper layer that condition for MO-SDT is not fulfilled.
Therefore, in Rel-18, when MAC layer performs the condition check for SDT, the MAC layer should be informed whether MO-SDT or MT-SDT conditions need to be checked. For example, for MT-SDT, the legacy RA resources can be used, so SDT RACH resources availability is not a requirement.
Proposal 4: MAC layer should know whether MO-SDT or MT-SDT conditions should be checked when the resume is triggered by RRC layer. 
2.2 Resources selection for access
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 use the CG-SDT resource 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 5: UE initiates the MT-SDT procedure using CG-SDT resource, if the conditions for using CG-SDT as 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, which can indicate the network to schedule a larger grant to carry uplink data in msg3/msgA. Therefore, it may lead to resource waste if the 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, if available.
Proposal 6: When responding to MT-SDT Paging, the UE initiates the MT-SDT procedure using legacy RACH resource with the resume cause value set to mt-SDT when the UE has no UL data to send or there are no SDT RACH resources available.
Proposal 7: A UE responds to paging with MT-SDT using R17 RA-SDT resource with the resume cause value set to mt-SDT when the UE has UL SDT data to send.
2.3 RB configuration 
RAN2 agreed the following during RAN2#120 meeting:
	5. MT-SDT is data that belongs to bearers that are configured for SDT.    FFS whether the configuration is MO-SDT or MT-SDT specific.  The network can only trigger MT-SDT if the data belongs to those bearers.  


The UE may support the MT-SDT only, or may support both MO-SDT and MT-SDT. In case both MO-SDT and MT-SDT are supported, considering that all these radio bearers are used for data transmission in the RRC_INACTIVE state, there is no need to configure the MO-SDT specific or MT-SDT specific RBs. Therefore, SDT radio bearer configuration can be common for both MO-SDT and MT-SDT.
Proposal 8: SDT specific radio bearers are common for both MO-SDT and MT-SDT.
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 9: Allow DL SPS to be configured for SDT session. 
When gNB decides to move a UE into RRC_INACTIVE, gNB can configure the UE with DL SPS for the next MT SDT procedure, for example, gNB can send RRCRelease message including DL SPS Configuration and CS-RNTI for next MT SDT procedure. Considering that DL SPS resources are periodic semi-persistent resources, the DL SPS resources needs to be activated before usage. Therefore, the paging message can be used to activate the DL SPS, and the UE implicitly de-activates the DL SPS upon receiving the RRCRelease which is used to terminate the current SDT procedure.
Proposal 10: DL SPS for the next MT-SDT procedure can be configured in RRCRelease. 
Proposal 11: SPS activation command can be included in the paging message, and UE implicitly de-activates the DL SPS upon receiving the RRCRelease.
2.5 Non-SDT data arrival during MT-SDT
While the MT-SDT procedure is ongoing, if DL non-SDT data/signalling arrives, the network can straightaway move the UE to RRC_CONNECTED state by sending the RRCResume message if the UE responds to paging and resumes in the last serving gNB.
However, both with and without UE context relocation procedures will be supported for MT-SDT, and if the DL non-SDT data arrives in the last serving gNB while it is anchoring the MT-SDT procedure, it will not be able to move the UE to RRC_CONNECTED state straight away by sending RRCResume message. Instead, the gNB will have to send RRCRelease message to the UE to terminate the ongoing MT-SDT procedure and then again perform paging in the RNA. When the UE responds to Paging, the UE’s context will be relocated and the UE will be moved to RRC_CONNECTED state and only then the gNB will be able to send the DL non-SDT data to the UE. Such procedure will clearly lead to unnecessary signaling overhead and latency in sending, potentially time critical, DL data. 
To avoid this, it would be worth allowing the last serving gNB to include an indication in the RRCRelease message informing the UE it should initiate a new resume procedure right-away.

When the UE initiates a new legacy resume procedure, the UE context can be relocated form the last serving gNB to the receiving gNB and the UE can be transitioned to the RRC_CONNECTED state by reusing the legacy procedure. Hence, we propose the following.
Proposal 12: When DL non-SDT data arrives during the ongoing MT-SDT procedure, the last serving gNB shall end the ongoing SDT procedure by sending RRCRelease message to the UE with an indication to initiate a new Resume procedure to avoid having to page the UE.
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: 
MT-SDT Paging:
Proposal 1: MT-SDT indication, named “mt-SDT”, is included in the UE’s PagingRecord.
Proposal 2: CFRA resource or UL grant can be included in the paging message with MT-SDT indication.

Conditions for initiating MT-SDT:
Observation 1: The MAC procedure for MT-SDT is different from R17 MO-SDT, e.g., when legacy RA is selected in R17 MO-SDT, UE indicates to upper layer that condition for MO-SDT is not fulfilled.
Proposal 3: The conditions checked by the RRC layer to determine whether to initiate MT-SDT procedure include:
· Paging with mt-SDT indication is received;
· SIB1 includes sdt-ConfigCommon for MT-SDT, sdt-ConfigCommon for MT-SDT may include at least sdt-RSRP-Threshold and t319a;  
· sdt-Config is configured;
· There is no pending non-SDT UL data;
· Lower layers indicate that conditions for initiating MT-SDT are fulfilled.
Proposal 4: MAC layer should know whether MO-SDT or MT-SDT conditions should be checked when the resume is triggered by RRC layer. 

Resources selection for access:
Proposal 5: UE initiates the MT-SDT procedure using CG-SDT resource, if the conditions for using CG-SDT as specified in Rel-17 are met.
Proposal 6: When responding to MT-SDT Paging, the UE initiates the MT-SDT procedure using legacy RACH resource with the resume cause value set to mt-SDT when the UE has no UL data to send or there are no SDT RACH resources available.
Proposal 7: A UE responds to paging with MT-SDT using R17 RA-SDT resource with the resume cause value set to mt-SDT when the UE has UL SDT data to send.

RB configuration:
Proposal 8: SDT specific radio bearers are common for both MO-SDT and MT-SDT.

DL SPS for MT-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 9: Allow DL SPS to be configured for SDT session. 
Proposal 10: DL SPS for the next MT-SDT procedure can be configured in RRCRelease. 
Proposal 11: SPS activation command can be included in the paging message, and UE implicitly de-activates the DL SPS upon receiving the RRCRelease.

Non-SDT data arrival during MT-SDT:
Proposal 12: When DL non-SDT data arrives during the ongoing MT-SDT procedure, the last serving gNB shall end the ongoing SDT procedure by sending RRCRelease message to the UE with an indication to initiate a new Resume procedure to avoid having to page the UE.
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