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[bookmark: _Ref165266342]Introduction

In the WID [1] for MT-SDT it is stated that the objective is
“Specify the support for paging-triggered SDT (MT-SDT) [RAN2, RAN3]
· [bookmark: _Hlk117714989]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.”
As described by the WID, the MT-SDT procedure will start with a UE being in RRC_INACTIVE. From there on there can be at least two cases:
1. UE has a CG-SDT configuration, i.e. scheduled resources on the PUSCH.
2. UE has no CG-SDT configuration and needs to make a random access on the PRACH.
This contribution discusses both these cases.
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[bookmark: _Ref178064866][bookmark: _Ref117485385]Discussion
The baseline procedure that this contribution discusses is when a UE is in RRC_INACTIVE mode and a small amount of data qualifying for SDT is being destined for a MT-SDT capable UE, described in Figure 1.
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[bookmark: _Ref116879568]Figure 1; Overview of the baseline use case.
Furthermore, the WID states as described in chapter 1 that RA-SDT and CG-SDT as the UL response. This indicates that there must be some way to let the UE reply with both RA-SDT and CG-SDT procedures, as well as legacy RA procedure.
[bookmark: _Toc118104127][bookmark: _Toc118400272]The UE must be able to determine if the paging for potential MT-SDT data should be handled via RA-SDT/CG-SDT or legacy paging response.
[bookmark: _Toc118104128][bookmark: _Toc118400279]Introduce an optional SDT-indication in the paging message, so that the UE knows whether to reply either with SDT procedures as described in rel 17 specs, or with legacy RA procedure.

1. 
2. 
Paging of the UE
When downlink data arrives at the last serving gNB (denoted as Anchor gNB in Figure 1) it might be qualified as suitable for SDT procedures or non-SDT procedures.
At this time there can be three possible scenarios:
1. The UE resides in the last known cell and has a valid CG-SDT configuration that it can use.
2. The UE resides in the last known cell but has no valid CG-SDT configuration that it can use.
3. The UE resides in another cell and thus do not have a valid CG-SDT configuration.
For point 1 above, a local page message can reach the UE which can use CG-SDT as a reply to the page.
For point 2, a local page message can reach the UE, but a random access (SDT or legacy) is necessary for the UE to respond to the page.
For point 3, an Xn page message is needed, and it is uncertain if the data transfer will be handled by SDT or by a legacy procedure, since it is not known at this point if the serving gNB will support SDT.
[bookmark: _Toc118104129][bookmark: _Toc118400273]It is not known at the time of paging the UE in other gNBs in the notification area if this will be handled as SDT or not.
[bookmark: _Toc118104130][bookmark: _Toc118400280]Let the Xn paging contain a indication on the data volume to the receiving gNBs so that each gNB can consider if the page over Uu should contain an SDT indication or not.

[image: ]
[bookmark: _Ref118101176]Figure 2; Paging – The first paging for the Anchor gNB is unsuccessful 
The UEs response to a page which will eventually lead to an MT-SDT procedure could follow the non-SDT paging procedures as well, so that the UE performs a legacy random access. The reasoning for this is that an MO-SDT random access procedure will generate a RAR with an extended UL grant size to cope for UL Data in Msg3. This prior reservation is not needed in the case of MT-SDT since the UL response is generated only after receiving a DL transmission from the gNB. Instead, the UE can respond with legacy RA resources.
[bookmark: _Toc118104131][bookmark: _Toc118400274]An MT-SDT transfer that follows MO-SDT procedure will reserve an extended Msg3 UL grant size and waste resources in the network.
[bookmark: _Ref117745903][bookmark: _Toc118104132][bookmark: _Toc118400281]UE uses legacy random access resources for accessing the network for an MT-SDT transfer.
Random Access
In Figure 3 and according to Proposal 3 the UE would not be aware of if the paging was done for something that eventually would/could lead to an MT-SDT transmission or if it will be for non-SDT data. 
[image: ]
[bookmark: _Ref117746616]Figure 3; Random Access Procedure
For this reason, the DRBs should be resumed before the RRC message is transmitted, even if a legacy random access procedure is done as the response to a legacy page (in rel 17 the resumption is only done in case an MO-SDT procedure is initiated), see chapter 5.3.13.3 and 5.3.13.4 in [2].
[bookmark: _Toc118104060][bookmark: _Toc118104133][bookmark: _Toc118104061][bookmark: _Toc118104134][bookmark: _Toc118400275] If legacy random access resources are used to respond to MT-SDT paging, then SDT DRBs would not be resumed in current specifications.
Therefore, we suggest that DRBs are resumed so that the network can transfer SDT data even if the page was done without the SDT paging indication.
[bookmark: _Toc117487181][bookmark: _Toc118104136][bookmark: _Toc118400282]Resume the DRBs before the RRCResumeRequest message regardless of SDT or legacy random access.
RRC Resume
After the UL Grant is delivered in the RAR in step 3 in Figure 3, and the SDT DRBs have been resumed, the UE can transmit the RRC Resume Request, described as step 5 in Figure 4. The Resume request triggers the serving gNB to fetch the UE context from the anchor gNB which will be delivered together with the actual DL Data as described in Figure 4.
[image: ]
[bookmark: _Ref117753097]Figure 4; RRC Resume Request
[bookmark: _Toc118104137][bookmark: _Toc118400276]If the DL data would have been sent before the page response, it would need to be transmitted to all paging gNBs, wasting resources in the transport network.
[bookmark: _Toc117487182][bookmark: _Toc118104138][bookmark: _Toc118400283]Transmit the DL Data from the Anchor gNB only to the Serving gNB together with the UE context. 
It can also be observed that this point, when the serving gNB shall transfer the data to the UE, is the last point to decide on SDT transfer (if not done earlier). 
After the data has been delivered to the UE in step 8 in Figure 4, the network can send an RRC Release message to the UE, ending the SDT transfer. If the gNB suspects subsequent transmissions, the gNB can chose to delay the RRC Release message to enable subsequent SDT transmissions or bring the UE to connected by an RRC Resume message. Subsequent SDT transmissions should be handled as described in the following chapter 2.4.
[bookmark: _Ref117753720]Subsequent Transmission
Rel-18 work item on MT-SDT intends to provide support for subsequent transmissions in DL and UL. Subsequent transmissions can belong to one of the two categories: 
Case 1- Where due to radio conditions or other limitations, the current data within the gNB/UE cannot be transmitted in one shot and is therefore split into multiple transport blocks. 
Case 2- Where new data arrives while SDT procedure is ongoing.
In case 1, the gNB or the UE knows the size of the buffer beforehand. Despite this, supporting subsequent transmissions in DL/UL requires the gNB to schedule multiple PDSCH/PUSCH transmissions using separate DCIs, increasing the signalling overhead as shown in Figure 5. 
[image: Diagram

Description automatically generated]
[bookmark: _Ref117753954]Figure 5; Despite knowing the buffer contents in advance, gNB might have to schedule multiple PDSCH transmissions as shown. The same could be applicable in UL as well.
[bookmark: _Toc118104141][bookmark: _Toc118400277]Transmissions where the existing gNB/UE buffer contents cannot be emptied in one shot results in subsequent transmissions where the gNB is forced to send multiple PDCCH to schedule each PDSCH/PUSCH transmissions individually. RAN2 can investigate solutions to reduce this overhead. 
In case 2, the buffer contents (for both UE and gNB) are not known in advance. Therefore, the only plausible option is to schedule the subsequent transmissions dynamically. For DL, the gNB can schedule these as separate PDSCH transmissions by scheduling them over DCI. In UL, the transmissions can be scheduled based on the UE’s Buffer Status Report (BSR), as in Rel-17 MO-SDT.
[bookmark: _Toc118400284]For subsequent DL transmissions initiated to transmit the new incoming data during an ongoing MT-SDT procedure, the gNB can schedule the PDSCH transmissions over DCI.
[bookmark: _Toc118104142][bookmark: _Toc118400285]For subsequent UL transmissions initiated to transmit the new incoming data during an ongoing MT-SDT procedure, follow the dynamic scheduling based on the contents of BSR as in MO-SDT.

Distinguish between applications with/without UL response 
The applications supporting MT-SDT can include use-cases where UL response might not be generated at all. Since the time between DL traffic and the eventual UL response is hard to predict, the SDT procedure between UE and gNB can remain indefinitely for applications where there is no UL response or for the applications where the response time is long. These cases might typically be dealt using a timeout as shown in Figure 6. However, this results in a high energy expenditure.
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[bookmark: _Ref117754258]Figure 6; A case when no UL response is generated.

In these cases, it is beneficial to release the UE immediately after sending the DL data and initiate a new MO-SDT procedure to transmit an UL response if needed in order not to keep energy consumption low.

[bookmark: _Toc118104143][bookmark: _Toc118400278]For MT-SDT applications where the UL response has a long delay, or for cases without UL response, it is beneficial to release the UE immediately after sending DL data. 
Based on this observation, it seems beneficial to configure the expected UL response based on the application or service. This can be done by categorizing the applications based on the DRB or QoS service flow on the RAN-level. For some cases it is expected that the UE has better knowledge of the response pattern upon receiving the DL Data. An indication from the UE could assist the gNB of possible actions (release, delayed release, etc.). Therefore, we make the following proposal.

[bookmark: _Toc118400286]Introduce an MT-SDT release indication to assist the gNB in RRC Procedures.
 Going forward with the above proposal means the UE can get an early indication on whether a UL reply is expected once it receives DL data from the gNB, thereby enabling smarter RRC procedures to save resources and increase end user performance. 

CG-SDT
CG-SDT was specified for MO-SDT in Rel-17. The specification resulted in a far from useful procedure. An inherent problem with configured grants is that if the traffic pattern does not match the transmission opportunities, there will be a high overhead in terms of unused reserved resources. In Rel-17, only the same periodicities as in connected mode were agreed which implies a high resource waste for CG-SDT when applied to applications with long periodicities. In fact, if the traffic matches reasonably well to the periodicities and TB sizes, CG in connected mode is a more attractive alternative than CG-SDT. The waste of resources is also typically higher in CG-SDT, since the resources may be configured but not activated for a long time in cases when the traffic is sporadic.

Observation 1 Use of CG-SDT with the short periodicities specified in Rel-17, typically leads to a high resource waste in terms of unused reserved resources.
For MT-SDT, the problem of high resource waste can be expected to be of similar magnitude, considering that the resources may be reserved long before the DL data arrives, i.e. long before the use of the resources for the UL reply.
The first approach to handle the high overhead in terms of resource reservation is to have shared CG resources. Preferably these would be configured on cell level in SI or by dedicated signalling to several UEs. This means that several UEs can share the resources and thereby reducing the configured resources that are not used. 
[bookmark: _Toc117680043][bookmark: _Toc118104144][bookmark: _Toc118400287]Shared CG-SDT resources can be configured in SI.
To avoid collisions which could happen for shared resources we think that the use of them should be controlled by the network. This would mean that the shared resources could be activated or granted to a single UE at any point in time. For MT-SDT the natural way to do this is to have an indication in the paging message. A UE receiving a paging message with “shared CG-SDT” indicated can use the shared resources given that other conditions are fulfilled. There also needs to be a way to deactivate the shared CG-SDT resources for a specific UE. This could be done using a timer or be signalled in other ways to the UE. With this mechanism, the network can ensure that the shared CG-SDT resources are only used by one UE at any point in time thereby which no collisions occur.
[bookmark: _Toc117680044][bookmark: _Toc118104145][bookmark: _Toc118400288]The paging message indicates if a UE can use the shared CG-SDT resources.
Similar to the use of the dedicated CG-SDT resources in Rel-17 CG-SDT, the UE needs to be time aligned. As in Rel-17, the resources should be used by stationary UEs with a valid TA. We believe that the mechanisms for TA validation for Rel-17 CG-SDT for MO traffic can be reused for shared CG-SDT.
[bookmark: _Toc117680045][bookmark: _Toc118104146][bookmark: _Toc118400289]Similar TA validation criteria are used for shared CG-SDT resources
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Conclusion
[bookmark: _Hlk76116627]In the previous sections we made the following observations: 
Observation 1	The UE must be able to determine if the paging for potential MT-SDT data should be handled via RA-SDT/CG-SDT or legacy paging response.
Observation 2	It is not known at the time of paging the UE in other gNBs in the notification area if this will be handled as SDT or not.
Observation 3	An MT-SDT transfer that follows MO-SDT procedure will reserve an extended Msg3 UL grant size and waste resources in the network.
Observation 4	If legacy random access resources are used to respond to MT-SDT paging, then SDT DRBs would not be resumed in current specifications.
Observation 5	If the DL data would have been sent before the page response, it would need to be transmitted to all paging gNBs, wasting resources in the transport network.
Observation 6	Transmissions where the existing gNB/UE buffer contents cannot be emptied in one shot results in subsequent transmissions where the gNB is forced to send multiple PDCCH to schedule each PDSCH/PUSCH transmissions individually. RAN2 can investigate solutions to reduce this overhead.
Observation 7	For MT-SDT applications where the UL response has a long delay, or for cases without UL response, it is beneficial to release the UE immediately after sending DL data.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Introduce an optional SDT-indication in the paging message, so that the UE knows whether to reply either with SDT procedures as described in rel 17 specs, or with legacy RA procedure.
Proposal 2	Let the Xn paging contain a indication on the data volume to the receiving gNBs so that each gNB can consider if the page over Uu should contain an SDT indication or not.
Proposal 3	UE uses legacy random access resources for accessing the network for an MT-SDT transfer.
Proposal 4	Resume the DRBs before the RRCResumeRequest message regardless of SDT or legacy random access.
Proposal 5	Transmit the DL Data from the Anchor gNB only to the Serving gNB together with the UE context.
Proposal 6	For subsequent DL transmissions initiated to transmit the new incoming data during an ongoing MT-SDT procedure, the gNB can schedule the PDSCH transmissions over DCI.
Proposal 7	For subsequent UL transmissions initiated to transmit the new incoming data during an ongoing MT-SDT procedure, follow the dynamic scheduling based on the contents of BSR as in MO-SDT.
Proposal 8	Introduce an MT-SDT release indication to assist the gNB in RRC Procedures.
Proposal 9	Shared CG-SDT resources can be configured in SI.
Proposal 10	The paging message indicates if a UE can use the shared CG-SDT resources.
Proposal 11	Similar TA validation criteria are used for shared CG-SDT resources
[bookmark: _In-sequence_SDU_delivery]
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