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Introduction
In the WID of MT-SDT for NR [1], the objectives are as follows:
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.  

This paper would like to discuss some details of MT-SDT triggering mechanism and general procedure of MT-SDT.
Discussion
MT-SDT triggering mechanism
Rel-17 has standardized MO-SDT for uplink small data transmission. MO-SDT allows UE to transmit data and/or signaling by leveraging RRC resume procedure while remaining in RRC_INACTIVE state without transitioning to RRC_CONNECTED state. The MO-SDT procedure could be initiated with either transmission over RACH or over Type1 CG resource if configured by dedicated signaling in RRCRelease message. 
During MO-SDT, UE is allowed to transmit subsequent UL and DL small data after the first uplink transmission including RRCResumeRequest/1 message is acknowledged by network. In the subsequent MO-SDT phase, the DL data can be scheduled by dynamic grant addressed to C-RNTI and UE monitors configured search space for dynamic grant and reception of DL data. It can be observed that UE in the subsequent data transmission phase is already able to receive the DL data in the MO-SDT. Therefore, it is reasonable that the Rel-17 RA-SDT and CG-SDT framework can be reused for Rel-18 MT-SDT.
Observation 1: Rel-17 MO-SDT already supports DL data reception in the subsequent data transmission phase.
Proposal 1: Rel-17 RA-SDT and CG-SDT framework can be reused for Rel-18 MT-SDT.
When the DL data are arrived at network, the RAN paging message is sent to inform UE the DL data reception. In NR legacy, UE should initiate legacy RRC resume procedure if UE receives the paging message including the paging record with the corresponding UE ID. 
Similar to Rel-17 MO-SDT, there should be several conditions for UE to determine whether UE is allowed to trigger MT-SDT for handling the DL data w/o transitioning to RRC_CONNECTED state, such as whether the DL data size is small to be allowed handling in the RRC_INACTIVE state, whether the DL data are mapped to the DL radio bearers configured for MT-SDT, and whether the DL RSRP is good enough. 
One of the triggering conditions that may be different from Rel-17 MO-SDT is that paging message could be enhanced to contain the explicit indication for triggering MT-SDT. Since network can anyway evaluate the DL data size and whether DL data mapping to the DL radio bearers configured for MT-SDT, it can be up to network to determine whether to trigger MT-SDT for handling DL data or network may require UE to transition to RRC_CONNECTED state first by triggering the legacy RRC resume procedure. Network should send the explicit indication to inform UE its decision on whether triggering MT-SDT or not. Thus, we propose RAN2 should study paging enhancement for triggering MT-SDT.
Proposal 2: RAN2 should study paging enhancement for triggering MT-SDT.
According to the analysis in the above, we propose the RAN paging message is enhanced to carry the MT-SDT indication to inform UE about the MT data arrival. 
Proposal 3: The RAN paging message is enhanced to carry the MT-SDT indication to inform MT-SDT UE about the MT data arrival.
UE is not expected to receive the MT-SDT indication in paging message if UE does not support MT-SDT, and network is unnecessary to include MT-SDT indication for this UE.
Proposal 4: UE capability should be considered when network determines to carry the MT-SDT indication in paging message.
Besides the MT-SDT indication in the paging message, other conditions for UE triggering MT-SDT should also be considered. Given this is the DL data, UE is unknown how many DL data is arrived and/or will be arrived in the subsequent phase. So, it is not suitable for UE to evaluate the data volume like the MT-SDT does. Thus, when UE receives the MT-SDT indication from paging message, UE does not need to evaluate the data volume before UE triggers MT-SDT. For the other conditions, we believe it is still useful for UE to evaluate such as whether the DL RSRP is above the threshold. Because UE in a good link quality can complete the whole MT-SDT procedure quickly.
Proposal 5: UE doesn’t need to evaluate DL data volume before UE triggers MT-SDT.
Proposal 6: Like MO-SDT, UE should evaluate DL RSRP whether it is above the threshold before UE triggers MT-SDT.
Regarding the MT-SDT indication carried in paging message, which network node determines the MT-SDT indication and whether more DL data information, such as DL data size are needed from core network side can be left for RAN3 further study. Whether there is DL data amount configured or indicated in gNB is in RAN3 scope and the signaling impacts in CU CP-UP split scenarios is also the RAN3 scope. Thus, it is up to RAN3 to further study the signaling perspective of gNB for determination of MT-SDT triggering by paging.
Proposal 7: It is up to RAN3 to further study the signaling perspective of gNB for determination of MT-SDT triggering by paging.

General procedure of MT-SDT
In general, we believe that the Rel-17 MO-SDT framework including RA-SDT and CG-SDT can be reused for MT-SDT. When UE receives the MT-SDT indication from paging message, UE determines whether to trigger MT-SDT if all conditions are fulfilled. It is possible that UL small data is also available at UE buffer while UE receives the paging message. UE may trigger either MO-SDT or MT-SDT. 
Since there is no specific SDT flag defined in the existing resume causes for SDT, an indication e.g., a new resume cause could be introduced in RRCResumeRequest/1 message for MT-SDT. The intention of the new indication is to differentiate the resume cause used for the legacy RRC resume and other type of resume procedures, i.e., MO/MT-SDT. Based on the implicit or explicit indication, such as UE selecting separate RACH resources or using dedicated CG resource or carrying new resume cause in RRCResumeRequest/1 message, it is helpful for network to determine which type of RRC resume procedure is performed by UE. It is also useful for anchor gNB to allocate UE context and plan for the subsequent data transmission accordingly. 
Proposal 8: An indication, e.g., a new resume cause, is introduced in RRCResumeRequest/1 message for MT-SDT.
For the initial DL data reception of MT-SDT, network should send the (initial) DL data only after network has known UE is ready for DL data reception. There were extensive discussions related to MT data handling in Rel-16 MT-EDT [2], and several solutions were studied. In the MT-EDT discussions, it seems that the Msg2 based MT-EDT solution is a little complicated in terms of the specification impacts and needs more time to study. In addition, the DL data transmission within paging message has been excluded from the NR MT-SDT WI scoping. 
[bookmark: _Hlk118123171]Therefore, for RACH based MT-SDT, the simplest solution with the least specification impacts for the initial DL reception is Msg4/MSGB based MT-SDT solution. It means that the initial DL data could be received in or after Msg4/MSGB message with contention resolution in RA-SDT. For CG-SDT, UE is ready for initial DL reception after UE has received the network acknowledgement as the response to the RRCResumeRequest/1 message. Thus, we have following proposals.
Proposal 9: For RACH based MT-SDT, the initial DL data delivered in or after Msg4/MSGB should be supported.
[bookmark: _Hlk118129369]Proposal 10: For CG based MT-SDT, the initial DL data delivered after UE has received the network acknowledgement in response to the RRCResumeRequest/1 message should be supported.
The following figures shows the examples to illustrate the general MT-SDT procedure including RACH based and CG based MT-SDT.
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Figure 1 RACH based MT-SDT
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Figure 2 CG based MT-SDT


In the subsequent MT-SDT phase, the dynamic grant can be used to schedule the DL data after network acknowledges the reception of the RRCResumeRequest/1 message. There could be application feedback generated in UL as the response to the DL data in the MT-SDT subsequent phase. After the MT-SDT is triggered, there is no reason to not allow UE to further handle the subsequent UL small data within MT-SDT procedure while keeping UE in the RRC_INACTIVE. UE may use the valid CG resource in CG-SDT or granted UL resource in RA-SDT to transmit UL data as the response to the received DL data. Thus, we have the following proposals.
Proposal 11: MT-SDT supports UL data transmission in response to the received DL data in the subsequent MT-SDT phase. 
Proposal 12: For the subsequent MT-SDT phase, UE is allowed to use CG resource in CG-SDT or granted UL resource in RA-SDT to send UL data as the response to the received DL data.
After MT-SDT has been triggered and the initial DL data is received successfully, UE may generate the UL data based on the received DL data depending on the different service or traffic profile in various use cases. However, it is impossible for network to predict whether there are subsequent UL data from UE after the DL data. If network is informed with more UL data expected in the subsequent phase, it will be efficient for network to determine whether to grant more UL resource for UE handling UL data and is also beneficial for UE to send the UL data with further signaling reduction and achieve better power saving while keeping UE in the RRC_INACTIVE state. If the assistance information is introduced, it will be helpful for both network and UE to avoid wasting radio resource. 
[bookmark: _Hlk118131286]Therefore, one possible solution is to use the existing mechanism such as UE assistance information framework to support this requirement. We propose to allow UE sending UE assistance information to indicate whether it intends to send UL data in MT-SDT subsequent procedure. 
Proposal 13: MT-SDT UE is allowed to send UE assistance information to indicate whether it intends to send UL data as response to the received DL data in the MT-SDT subsequent procedure.
In Rel-17 SDT study, the power consumption of SDT UE has less consideration. There is no window/timer control for PDCCH monitoring after each uplink transmission. UE has to keep monitoring the network response or potential DL/UL scheduling and wait for network sending the RRC message to terminate the whole SDT procedure even though UE only plans to send one-shot UL data. In a worse case, UE has to monitor PDCCH for several seconds till the T319a expiry. 
If we consider Rel-17/18 SDT for different UE device types in different use cases, for example, for a RedCap wearable device, it may require much more power saving SDT procedure considering its reduced capability. However, we think there is no power saving mechanism defined in Rel-17 SDT study. 
In Rel-18 MT-SDT, UE still needs to monitor PDCCH for network scheduling the DL data in the subsequent data phase. Since the DL traffic profile and scheduling gaps are handled and controlled by network, network has full knowledges on when to send DL data to UE. It can be up to network to configure proper DRX to adapt the DL traffic pattern so that UE can wake up for reception only when DL data is arrived to save UE power. Especially for the case that there could be round-trip delay at application layer for the DL data, it is bad for such as the RedCap device to monitor the network response during a long gap which obviously wastes UE power and not power efficiency. If DRX is configured, UE can take time to sleep during the time of network fetching data and then UE wakes up in the configured active window for DL data reception. It should be noted that for UE entering connected state, DRX mechanism can be enabled by network for UE normal DL/UL data exchanges. There is no reason that SDT UE has worse power consumption in RRC_INACTIVE state than the UE performing normal data communication in RRC_CONNECTED state. In that sense, it is important to consider the power saving mechanism for Rel-18 MT-SDT, and DRX mechanism could be one of candidate schemes.  
Proposal 14: RAN2 should study power saving mechanism such as to support DRX for MT-SDT.
In Rel-17 SDT study, separate RACH resource can be configured for SDT user. The MO-SDT UE is allowed to use the separate RACH resource to perform SDT and the separate RO or separate preamble RACH resource serves as the implicit SDT indication to network so that network can assign the appropriate resource for UL/DL data transmission.
For the RACH based MT-SDT, since the MT-SDT is triggered by paging message, there are benefits that network directly indicates the dedicated resource for the target UE. The similar design principle can be observed in CG-SDT that the dedicated CG resource is configured via the RRC release message.
Using dedicated resource for RACH based MT-SDT not only reduces the latency of UE performing RRC resume but also improve the reliability of the resume procedure. The dedicated resource improves the success possibility of the procedure. Thus, it is also good for UE power saving. Therefore, we have following proposal.
Proposal 15: A dedicated preamble for MT-SDT can be carried in the paging message for the target UE for RACH based MT-SDT. 
If the new resume cause can be included in the RRCResumeRequest/1 message to indicate that UE is performing MT-SDT, it seems there is no issue that MT-SDT uses non-SDT RACH resource to perform RACH for MT-SDT when UE receives the paging for triggering MT-SDT
Proposal 16: MT-SDT UE is allowed to use non-SDT RACH resource to perform RACH based MT-SDT.

Conclusion
We have the following observations, and we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1: Rel-17 MO-SDT already supports DL data reception in the subsequent data transmission phase.
Proposal 1: Rel-17 RA-SDT and CG-SDT framework can be reused for Rel-18 MT-SDT.
Proposal 2: RAN2 should study paging enhancement for triggering MT-SDT.
Proposal 3: The RAN paging message is enhanced to carry the MT-SDT indication to inform MT-SDT UE about the MT data arrival.
Proposal 4: UE capability should be considered when network determines to carry the MT-SDT indication in paging message.
Proposal 5: UE doesn’t need to evaluate DL data volume before UE triggers MT-SDT.
Proposal 6: Like MO-SDT, UE should evaluate DL RSRP whether it is above the threshold before UE triggers MT-SDT.
Proposal 7: It is up to RAN3 to further study the signaling perspective of gNB for determination of MT-SDT triggering by paging.
Proposal 8: An indication, e.g., a new resume cause, is introduced in RRCResumeRequest/1 message for MT-SDT.
Proposal 9: For RACH based MT-SDT, the initial DL data delivered in or after Msg4/MSGB should be supported.
Proposal 10: For CG based MT-SDT, the initial DL data delivered after UE has received the network acknowledgement in response to the RRCResumeRequest/1 message should be supported.
Proposal 11: MT-SDT supports UL data transmission in response to the received DL data in the subsequent MT-SDT phase. 
Proposal 12: For the subsequent MT-SDT phase, UE is allowed to use CG resource in CG-SDT or granted UL resource in RA-SDT to send UL data as the response to the received DL data.
Proposal 13: MT-SDT UE is allowed to send UE assistance information to indicate whether it intends to send UL data as response to the received DL data in the MT-SDT subsequent procedure.
Proposal 14: RAN2 should study power saving mechanism such as to support DRX for MT-SDT.
Proposal 15: A dedicated preamble for MT-SDT can be carried in the paging message for the target UE for RACH based MT-SDT. 
Proposal 16: MT-SDT UE is allowed to use non-SDT RACH resource to perform RACH based MT-SDT.
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