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Introduction
The WID of MT-SDT for NR has been updated in the last RAN plenary [1]. 
	Specify the support for paging-triggered SDT (MT-SDT) [RAN2, RAN3]
· MT-SDT triggering mechanism for UEs in RRC_INACTIVE, supporting RACH procedure based and CG-SDT procedure based 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 the 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
  
This paper would like to address the remaining issues and discuss more details of MT-SDT procedure.
Discussion
Support MT-SDT only
In the last RAN2 meeting, it has been agreed that it is possible for the network to configure only MT-SDT w/o MO-SDT RACH resource and/or CG-SDT resource. In that case, UE may use the legacy RACH resource for MT-SDT, and UE could insert the new resume cause specific for MT-SDT in RRCResumeRequest message to inform network that MT-SDT has been triggered. For a Rel-18 MT-SDT UE, it may support MT-SDT only but not support MO-SDT. Such MT-SDT user is only able to use the MT-SDT resource but can not use the MO-SDT resource. Network also has the flexibility to not configure the MO-SDT resource but only configure MT resource for RRC inactive UE to receive DL small data. 
Observation 1: It is possible MT-SDT is triggered by network only.
Proposal 1: If network configures MT-SDT only while RA MO-SDT resource and CG-SDT resource is not configured, the legacy RACH resource is used for MT-SDT.
In Rel-17, network configures the UL DRBs for SDT. A MO-SDT capable UE could use the configured UL SDT DRBs for MO-SDT as long as the MO SDT criteria are satisfied. It is up to network to configure whether these DRBs for UL SDT can be used for DL reception or not. However, as explained above, a Rel-18 MT-SDT capable UE may not support MO-SDT, and then the DRBs configured for MO-SDT can not be used for such MT-SDT UE. Thus, in Rel-18, it is desirable to configure separate DRBs for MT-SDT.
Proposal 2: A separate DRB configuration for MT-SDT is introduced in Rel-18.

Support handling UL SDT data arrived during MT-SDT
When UE receives the MT-SDT indication in the paging message, UE may trigger the MT-SDT for the DL data reception. In the subsequent phase of MT-SDT, it is possible that UL data in response to the received DL data is generated. Besides the above case, it is also possible that UE may have the UL data available at the same time when UE receives the paging message with MT-SDT indication. So, how to handle the UL SDT data during MT-SDT should be studied.
Proposal 3: RAN2 should study a mechanism to allow UE to handle the UL data transmission in MT-SDT procedure. 
If Rel-17 MO RA-SDT and CG-SDT resource are configured by network, the MT-SDT user can use those SDT resource for MT-SDT, and the UL data can be sent by using the valid CG resource and/or the granted UL resource in RA-SDT which could be similar as the method specified in Rel-17 MO-SDT.
Proposal 4: If CG-SDT or MO RA-SDT resource is selected, UE is allowed to use CG resource in CG-SDT or any granted UL resource in RA-SDT for UL data handling in the MT-SDT procedure.
If Rel-17 MO SDT resource is not configured, the legacy RACH resource could be selected for MT-SDT. Then how to handle the UL data if legacy RACH resource is selected needs more discussion.
In MT-SDT, the UL data in response to the DL data may be generated after contention resolution in a legacy RACH. In the subsequent phase of MT-SDT, if no UL resource is available, UE has to trigger another RACH to request the UL resource for UL data handling which is obviously inefficient. In this case, if SR resource is configured, it will be quite helpful to use SR resource to request more UL grant for UL data handling in the subsequent MT-SDT. Having SR resource configuration for MT-SDT can also avoid excessively triggering RACH just for small application layer UL data feedback in the subsequent phase of MT-SDT.
Observation 2: If no SR resource is configured, UE has to trigger another RACH if UL SDT data is arrived during MT-SDT.
Proposal 5: RAN2 should study to have SR resource configuration for supporting UL data handling in MT-SDT procedure.
Another issue is that whether the Rel-17 MO SDT conditions should be always evaluated before MT-SDT is triggered. In Rel-17, the MO SDT conditions at least include UL data volume checking and whether the UL data mapped to the UL SDT DRBs. The UE behavior is that when UL data is available at UE buffer, UE should check MO SDT conditions before triggering SDT. For MT-SDT scenario, it may not be a typical case that when UE receives the paging message with MT-SDT indication, at the same time UE has the UL data. Therefore, it makes little sense to require UE always checking the MO SDT criteria before triggering MT-SDT. 
Proposal 6: Upon reception of the paging message with MT-SDT indication, UE does not need to check MO SDT conditions including checking the UL data volume and whether UL data mapped to the SDT RBs if there is no pending UL data.
On the other hand, when UE receives the MT-SDT indication in paging message and meanwhile UE has pending UL data, it is preferrable to require UE to response the network for MT-SDT and also handle the UL small data at one single procedure. Otherwise, the stored UL data has to wait until the MT-SDT session is completed which causes unnecessary latency. Therefore, in this case, UE should check MO SDT conditions before triggering the SDT procedure. The UE behavior could be similar as Rel-17 MO-SDT, i.e., if MO SDT conditions are not satisfied, UE has to perform normal RRC resume to transition to connected state first.
Proposal 7: When UE receives the MT-SDT indication in paging message and meanwhile if UE has pending UL data stored but MO SDT conditions are not satisfied, UE should perform normal RRC resume procedure.
In the above case, if all the MO SDT conditions and MT SDT conditions are satisfied when UE receives the MT-SDT indication in paging message and meanwhile if UE has pending UL data, similar to the Rel-17 UE behavior, UE is allowed to use either CG-SDT (if configured) or RA-SDT resource (if configured) to perform MT-SDT. The rule of selection between CG and RA resource could be the same as Rel-17 SDT.
Proposal 8: If the MO SDT conditions and MT SDT conditions are satisfied, UE is allowed to use either CG SDT or RA SDT resource to perform MT-SDT. The rule of selection between CG and RA resource could be the same as Rel-17 SDT.
In the Rel-17 MO SDT conditions, UE should also evaluate the DL RSRP to check whether channel quality is good enough to perform SDT. If the DL RSRP is below a configured threshold, UE is not allowed to send UL data. We think such coverage requirement is still valid for the MT-SDT. Because when UE is in the RRC inactive state, when DL data is arrived at network, there is no regular channel quality reporting like CQI in RRC connected state for network, and network may schedule an in-appropriate DL resource for the inactive UE. If UE is at cell edge with pool link budget, network has to perform several rounds of DL data retransmission which may waste the radio resource and cause latency. Therefore, it is desirable to also require UE to evaluate the link budget before triggering MT-SDT so that the whole MT-SDT session can be completed efficiently, and UE power can be saved.
Observation 3: Due to lack of the channel quality information and/or the latest link budget, network may not schedule UE with appropriate DL resource.
Proposal 9: UE should evaluate whether DL RSRP is above the threshold when UE triggers MT-SDT. 

The initial DL data reception in MT-SDT
For the initial DL data reception of MT-SDT, network should send the (initial) DL data 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 complicated in terms of the specification impacts and needs more time for 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 together with the 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 10: For RACH based MT-SDT, the initial DL data delivered in or after Msg4/MSGB should be supported.
[bookmark: _Hlk118129369]Proposal 11: 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.
Paging message enhancement
The last RAN2 meeting agreed that paging message is enhanced to carry the MT-SDT indication so that UE can be informed that DL data is arrived at network. It is up to network configuration on what resources for UE to perform SDT. Since network has less information on the UE radio conditions, which resources the UE chooses for MT-SDT could be up to UE evaluation. Considering the consistent UE behavior, it is preferable to allow UE to select either RA resource or CG resource (if configured) for MT-SDT. Thus, we think which resource (RA or CG) is selected for MT-SDT is not indicated in paging message. 
Proposal 12: Which resource (RA or CG) is selected for MT-SDT is not indicated in paging message.
Since UE performing MT-SDT is in RRC inactive state, UE should already report its capability in RRC connected state. Thus, 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 13: UE capability should be considered when network determines to carry the MT-SDT indication in paging message.
In Rel-17 SDT, separate RACH resource can be configured for SDT users. 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 improves the reliability of the resume procedure. The dedicated resource improves the success possibility of the procedure. It is also good for UE power saving. Therefore, we have following proposal.
Proposal 14: A dedicated preamble for MT-SDT can be carried in the paging message for the target UE for RACH based MT-SDT. 

UE power saving in SDT 
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 to 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 is 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 15: RAN2 should study power saving mechanism such as to support DRX for MT-SDT.

Conclusion
We have the following observations, and we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1: It is possible MT-SDT is triggered by network only.
Observation 2: If no SR resource is configured, UE has to trigger another RACH if UL SDT data is arrived during MT-SDT.
Observation 3: Due to lack of the channel quality information and/or the latest link budget, network may not schedule UE with appropriate DL resource.

Proposal 1: If network configures MT-SDT only while RA MO-SDT resource and CG-SDT resource is not configured, the legacy RACH resource is used for MT-SDT.
Proposal 2: A separate DRB configuration for MT-SDT is introduced in Rel-18.
Proposal 3: RAN2 should study a mechanism to allow UE to handle the UL data transmission in MT-SDT procedure. 
Proposal 4: If CG-SDT or MO RA-SDT resource is selected, UE is allowed to use CG resource in CG-SDT or any granted UL resource in RA-SDT for UL data handling in the MT-SDT procedure.
Proposal 5: RAN2 should study to have SR resource configuration for supporting UL data handling in MT-SDT procedure.
Proposal 6: Upon reception of the paging message with MT-SDT indication, UE does not need to check MO SDT conditions including checking the UL data volume and whether UL data mapped to the SDT RBs if there is no pending UL data.
Proposal 7: When UE receives the MT-SDT indication in paging message and meanwhile if UE has pending UL data stored but MO SDT conditions are not satisfied, UE should perform normal RRC resume procedure.
Proposal 8: If the MO SDT conditions and MT SDT conditions are satisfied, UE is allowed to use either CG SDT or RA SDT resource to perform MT-SDT. The rule of selection between CG and RA resource could be the same as Rel-17 SDT.
Proposal 9: UE should evaluate whether DL RSRP is above the threshold when UE triggers MT-SDT. 
Proposal 10: For RACH based MT-SDT, the initial DL data delivered in or after Msg4/MSGB should be supported.
Proposal 11: 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 12: Which resource (RA or CG) is selected for MT-SDT is not indicated in paging message.
Proposal 13: UE capability should be considered when network determines to carry the MT-SDT indication in paging message.
Proposal 14: A dedicated preamble for MT-SDT can be carried in the paging message for the target UE for RACH based MT-SDT. 
Proposal 15: RAN2 should study power saving mechanism such as to support DRX for MT-SDT.
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