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Following are the agreements from RAN3#119. 
· MT-SDT can be triggered by DL SDT user data and/or DL SDT signalling.
· Upon reception of DL SDT user data, the gNB-CU-UP may include the assistance information (e.g., Data size) in E1AP DL Data Notification message to gNB-CU-CP. FFS on MT-SDT indicator.
· When receiving DL SDT data, the anchor gNB may send MT-SDT information IE to the neighbour gNBs within the RNA, via XnAP RAN paging message. 
· The encoding and the name of MT-SDT information IE is FFS.
· The gNB that receives MT-SDT information within the RNA takes into account this information received in the XnAP RAN PAGING message from the anchor gNB to decide whether to trigger MT-SDT Uu paging. 
· Upon reception of MT-SDT information via XnAP RAN paging message from the anchor gNB-CU, the gNB-CU may send F1 MT-SDT information to the gNB-DU via F1AP Paging message. 
· FFS on F1AP MT-SDT information 
· FFS: whether Data volume should also be provided from the CU to the DU in F1AP PAGING message.
· FFS: whether and how XnAP RTRV UE CTXT REQ message (that carries MT-SDT resume indication)
· FFS: whether MT-SDT support indication in E1 Bearer Context procedure should be defined to enable the gNB-CU-UP to include the DL data size in the E1AP DL DATA NOTIFICATION message.
· FFS: whether receiving gNB-CU or receiving gNB-DU decides MT-SDT Uu paging, if we agree that it is the receiving gNB to make the final decision on triggering MT-SDT Uu paging.
· FFS: MT-SDT assistance information sent from the anchor in the XnAP: RAN paging message and other alignment with RAN2 progress.
Following are the agreements from RAN3#119bis. 
· Agree to reusing existing IE (i.e., SDT Support Request) within the XnAP Retrieve Context Request message when the UE resumes for MT-SDT, and there is no RAN3 standard impact.
· Include an MT-SDT Information Request IE as optional IE in the E1AP: BEARER CONTEXT SETUP REQUEST/ MODIFICATION message to request the report of MT-SDT Information for bearers configured as SDT bearers.
· For the issue on DL non-SDT data arrives during the ongoing MT-SDT procedure, RAN3 waits for RAN2 on whether any signaling enhancements are needed.
· RAN3 acknowledges the case that DL non-SDT data arrives at the last serving gNB following the MT-SDT paging procedure before receiving UE Context Retrieval Request message. It is FFS whether it is left to gNB implementation, or reusing existing IE(s), or introducing a new IE. 
· In XnAP: RAN Paging message includes the MT-SDT Data Size IE. FFS on the MT-SDT indicator IE and the presence of MT-SDT Data Size IE. 
· The encoding and the name of MT-SDT information IE in E1AP DL DATA NOTIFICATION message include MT-SDT Data Size IE (Mandatory, INTEGER (1…96000, …). FFS on whether MT-SDT indicator IE is needed. 
· The encoding and the name of MT-SDT information IE in F1AP: Paging message include MT-SDT indicator IE (Mandatory). FFS on MT-SDT Data Size IE


This contribution discusses various remaining enhancements to support MT-SDT for R18 NR UEs in RRC_INACTIVE state.
Enhancements to support MT-SDT for RRC_INACTIVE state UEs
E1-AP, F1-AP and Xn-AP enhancements for MT-SDT trigger and decision making unit within gNB. 
Similar to R17 MO-SDT, for the case of R18 MT-SDT, gNB can trigger MT-SDT for DL data or signaling transmission when MT data/signaling is available for MT SDT configured radio bearers and DL data volume is less than or equal certain threshold value. MT-SDT data threshold value can be for CU-CP based on implementation or OAM approach.  

A typical MT-SDT call flow for DL data is shown below.



Call Flow 1 : Typical MT-SDT call flow for DL data.
During RAN2#121, following was agreed.
RBs configured for SDT are common for MO-SDT and MT-SDT
[bookmark: _Toc131260569][bookmark: _Toc134394053]RAN2 agreed that RBs configured for SDT are common for MO-SDT and MT-SDT

During E1 AP Bearer Context setup/modification procedures, RAN3 agreed CU-CP will provide MT-SDT indication per UE level to CU-UP. 
As shown in above MT-SDT call flow 1, when UE is in RRC_INACTIVE state and DL data arrives at CU-UP, it is expected to provide notification to CU-CP about the mandatory DL data volume for all SDT configured bearers.  
The encoding and the name of MT-SDT information IE in E1AP DL DATA NOTIFICATION message include MT-SDT Data Size IE (Mandatory, INTEGER (1…96000, …). FFS on whether MT-SDT indicator IE is needed. 
Based on above agreement, when CU-CP received mandatory MT-SDT data size IE from the CU-UP, CU-CP will come to know it is meant for MT-SDT and there is no need to have additional MT-SDT Indication from the CU-UP.
CU-CP is expected to trigger DL-SDT only when available DL user plane data for transmission is less than or equal to CU-CP configured MT-SDT data threshold and all data belongs to the MT-SDT radio bearers or if there is DL Upper layer signalling is pending for transmission at CU-CP. 
In order to indicate to UE about the RRC paging message is intended for MT-SDT, RAN2#121 already agreed to include MT-SDT cause in RRC Paging Message. This means that CU-CP has to provide MT-SDT indication as part of F1 Paging Message. 
Within given dis-aggregated gNB, CU-CP knows DL data volume, which bearers are configured to support MT-SDT, UE radio capabilities are known. In last meeting some companies were arguing to leave the final MT-SDT decision to DU. But DU does not have any additional information than CU-CP and argument of DU resource unavailability to trigger MT-SDT is not sufficient because MT-SDT is not intended to serve data volume and resources should not be concern. If DU uses normal paging for DL data delivery, requires UE to transition into RRC_CONNECTED state and it requires additional signalling and more radio resources. DU does not know any radio conditions of RRC_INACTIVE UE because UE does not transmit any type UL control channels or physical signaling in RRC_INACTIVE state. 
[bookmark: _Toc131260570][bookmark: _Toc134394054]CU-CP has all information required to make MT-SDT decision and trigger MT-SDT instead of DU. 
Based on above discussion, we have following proposals:
[bookmark: _Toc134394039]In E1-AP DL DATA NOTIFICATION message, redundant MT-SDT indication IE is not required.
[bookmark: _Toc134394040]CU-CP makes the final decision to trigger MT-SDT based on MT-SDT data size IE, UE capabilities and DRB configuration etc and DU follows the CU-CP decision for MT-SDT paging indication in RRC Paging Message.
Once RRC_INACTIVE UE receives RRC Paging Message including MT-SDT indicator, UE is expected to respond to paging message either by using 2 step or 4 step RACH based or CG based configuration resources. If there is MO data is available for MO-SDT configured radio bearers, UE is expected to evaluate MO SDT trigger criteria and respond to incoming paging or UE may only evaluate MT-SDT trigger procedures. UE is expected to resume RRC connection procedure by transmitting RRC Resume Request (either by RA-SDT or CG based procedure) and it is upto UE implementation whether to use MO-SDT or MT-SDT Resume cause depending on whether MO-SDT conditions are satisfied or not. 
Upon receipt of RRC Resume Request message, CU-CP triggers F1-AP UE context setup procedure as shown in call flow1 to create UE context in DU and F1-U tunnels will be established between the DU and CU-UP. CU-UP is expected to deliver DL data to DU (via F1-U Tunnels). In Msg 4, DU indicates contention resolution and also delivers DL data as MT-SDT data to UE. If there is additional data available at both DL and UL, data will be exchanged between UE and gNB. DL data can be scheduled by using dynamic grants and UL data can be transmitted by UE using either CG or dynamic UL grants mechanism. Once data transfer is completed, CU-CP is expected to send RRC Release message including suspend configuration to UE. This causes UE to transition back into the RRC_INACTIVE state and DU is going to release UE context.
The encoding and the name of MT-SDT information IE in F1AP: Paging message include MT-SDT indicator IE (Mandatory). FFS on MT-SDT Data Size IE.
MT-SDT data size in F1 Paging can be useful for DU to make resource reservation for MT-SDT data scheduling.
In XnAP: RAN Paging message includes the MT-SDT Data Size IE. FFS on the MT-SDT indicator IE and the presence of MT-SDT Data Size IE. 
For RAN Paging, CU-CP has to send RAN Paging via Xn interface to neighbour gNBs and Xn Paging Message including MT-SDT indication and mandatory DL data volume so that neighbour gNB can make its own decision whether to trigger MT-SDT paging or normal paging. One can argue need of MT-SDT explicit indicator when DL-SDT data volume mandatory IE is already available? Since target gNB has to make final decision to perform MT-SDT procedure and it may be useful for target gNB to know what the purpose of DL data volume is but there is no strong reason to include either.
Based on above discussion, following are proposals 
[bookmark: _Toc131260617][bookmark: _Toc134394041]In F1 Paging Message, CU-CP sends MT-SDT Indication and optional MT-SDT data volume IE to DU as assistance information for scheduling decisions.
[bookmark: _Toc134394042]In Xn Paging Message, anchor gNB CU-CP sends both MT-SDT Indication IE and MT-SDT DL data size IE  to neighboring gNBs within RNA.
Interaction between MT-SDT procedure and Non-SDT data arrival 

In R17, MO-SDT is configurable to UE per SRB and DRB level as part of the RRC Release Message. MO data/signalling related to MO-SDT radio bearer will be subjected to MO-SDT procedure, for radio bearers not configured as MO-SDT, data/signalling can’t be transmitted using MO-SDT procedure. In such cases, UE is expected to transition to RRC_CONNECTED state for data transfer. During the ongoing R17 MO-SDT procedure, if non-SDT data is received in DL or UL, last serving gNB terminates current ongoing MO-SDT and triggers UE to transition into RRC_INACTIVE state by using the RRC Release Message including the suspend configuration.
[bookmark: _Toc126620208][bookmark: _Toc126761285][bookmark: _Toc131260571][bookmark: _Toc134394055]In Rel-17, if a gNB receives DL non-SDT data/signaling, or receives UAI with non-SDT data indication from the UE, the last serving gNB (in case of no anchor relocation) terminates the ongoing MO-SDT and moves the UE to RRC_INACTIVE state by sending the RRCRelease message.
RAN3 acknowledges the case that DL non-SDT data arrives at the last serving gNB following the MT-SDT paging procedure before receiving UE Context Retrieval Request message. It is FFS whether it is left to gNB implementation, or reusing existing IE(s), or introducing a new IE. 
During the MT-SDT procedure, once CU-CP gets E1-AP DL data notification including MT-SDT Data Size IE, CU-CP sends F1-AP paging message to DUs and Xn-AP Paging Message to neighbor gNB CU-CPs within RNA. But before  last serving gNB CU-CP receiving Xn-AP UE context retrieval request message from the neighbor gNBs and if any DL non-SDT data arrives at last serving gNB, in such scenario to avoid last serving gNB from sending another paging message without MT-SDT indication to neighbor gNBs, it is simple for last serving gNB to buffer the DL non-SDT data until it receives UE context retrieve request message and perform full context transfer to receiving gNB and provide an indication of non-SDT data arrival. This enables receiving gNB to send RRC Resume message to UE to transition directly into the RRC_CONNECTED state.
[bookmark: _Toc134394043]When DL non-SDT data or signaling arrives at last serving gNB following the MT-SDT paging procedure before receiving UE Context Retrieval Request message, last serving gNB buffers DL non-SDT until receiving UE Context Retrieval Request message from receiving gNB , full context transfer performed by last serving gNB with the indication of non-SDT data arrival and receiving gNB sends RRC Resume message to trigger UE transition into RRC_CONNECTED state.
During the ongoing MT-SDT data transfer (i.e., UE is receiving data while in RRC_INACTIVE state), if non-SDT data is received, how to handle such scenario. There are 2 possible cases here. One scenario is last serving gNB did full context transfer to receiving gNB and second scenario is last serving gNB did partial UE context transfer to receiving gNB.
In case of full context transfer to serving gNB, if any DL non-SDT data arrives as serving gNB then it can simply send RRC Resume message to trigger UE to transition into RRC_CONNECTED state so that UE can start receiving non-SDT data while in RRC_CONNECTED state.
[bookmark: _Toc134394044]when DL non-SDT data arrives  at the receing gNB during ongoing SDT data transfer (assuming full context relocation was done earlier) and receiving gNB triggers UE transition into RRC_Connected state by sending RRC Resume message .
In case of on going MT-SDT data transfer and parial UE context was transferred from last sering gNB  to receiving gNB, in R17 there was no late UE context transfer was supported due to limited time in both RAN2 and RAN3 WGs.  
In R18, it is desirable to enhance the signalling procedure to enable last serving gNB to transfer late full UE context transfer to receiving gNB (assuming partial UE context transfer was done previously) and receiving gNB can send either RRC Resume message to trigger UE to transition into RRC_CONNECTED state or RRC Release message including a new indicator to trigger UE to immediately trigger another RRC Resume procedure without receiving any additional RRC Paging message (which needs RAN2 RRC signalling enhancements as well).
[bookmark: _Toc134394045]when DL non-SDT data arrives  at last serving gNB during ongoing SDT data transfer and last serving gNB makes the decision for  complete UE context relocation to receiving gNB (assuming earlier it did just partial context relocation) and receiving gNB triggers UE transition into RRC_Connected state by sending RRC Resume message or RRC Release message with an indication. Last sering gNB also sends an indication to the receiving gNB for DL non-SDT data arrival.
Releasing UE into RRC_INACTIVE state means, for any DL non-SDT data delivery, gNB has to use RRC Paging message to trigger UE to get into RRC_CONNECTED state and adds unnecessary signalling and delay. One possible solution to solve this problem is gNB to send RRC Resume message or RRC Release message with an additional indication to trigger UE to resume RRC_CONNECTION immediately. This will have RAN2 impact and since it is beneficial from system signalling overhead and latency performance, RAN3 should send an LS to RAN2 to trigger RAN2 discussion to make necessary RRC enhancements.
[bookmark: _Toc134394046]Send LS to RAN2 to introduce enhancements to RRC Release message with new indication to trigger UE to resume RRC Connection without receing RRC Paging Message.

Summary 

Based on the discussion, we have following observations: 
Observation 1.	RAN2 agreed that RBs configured for SDT are common for MO-SDT and MT-SDT
Observation 2.	CU-CP has all information required to make MT-SDT decision and trigger MT-SDT instead of  DU.
Observation 3.	In Rel-17, if a gNB receives DL non-SDT data/signaling, or receives UAI with non-SDT data indication from the UE, the last serving gNB (in case of no anchor relocation) terminates the ongoing MO-SDT and moves the UE to RRC_INACTIVE state by sending the RRCRelease message.

Based on these observations and discussion above, we have the following proposals:
Proposal 1.	In E1-AP DL DATA NOTIFICATION message, redundant MT-SDT indication IE is not required.
Proposal 2.	CU-CP makes the final decision to trigger MT-SDT based on MT-SDT data size IE, UE capabilities and DRB configuration etc and DU follows the CU-CP decision for MT-SDT paging indication in RRC Paging Message.
Proposal 3.	In F1 Paging Message, CU-CP sends MT-SDT Indication and optional MT-SDT data volume IE to DU as assistance information for scheduling decisions.
Proposal 4.	In Xn Paging Message, anchor gNB CU-CP sends both MT-SDT Indication IE and MT-SDT DL data size IE  to neighboring gNBs within RNA.
Proposal 5.	When DL non-SDT data or signaling arrives at last serving gNB following the MT-SDT paging procedure before receiving UE Context Retrieval Request message, last serving gNB buffers DL non-SDT until receiving UE Context Retrieval Request message from receiving gNB , full context transfer performed by last serving gNB with the indication of non-SDT data arrival and receiving gNB sends RRC Resume message to trigger UE transition into RRC_CONNECTED state.
Proposal 6.	When DL non-SDT data arrives  at the serving gNB during ongoing SDT data transfer (assuming full context relocation was done earlier) and serving gNB triggers UE transition into RRC_Connected state by sending RRC Resume message .
Proposal 7.	When DL non-SDT data arrives  at last serving gNB during ongoing SDT data transfer and last serving gNB makes the decision for  complete UE context relocation to receing gNB (assuming earlier it did just partial context relocation) and receiving gNB triggers UE transition into RRC_Connected state by sending RRC Resume message or RRC Release message with an indication. Last serving gNB also sends an indication to the receiving gNB for DL non-SDT data arrival.
Proposal 8.	Send LS to RAN2 to introduce enhancements to RRC Release message with new indication to trigger UE to resume RRC Connection without receing RRC Paging Message.




Annex: RAN2#121 Agreements 
Agreement:
1. Include a one-bit indication in paging to trigger MT-SDT.   We will ensure that the CCCH message can be transmitted over CG. 
2. Indication is per UE.  FFS on signalling.  
3. In case condition for paging triggered MT-SDT is not fulfilled the UE initiates RRC Resume procedure. Resume cause FFS
4. Upon receiving MT-SDT trigger, the UE shall initiate SDT procedure if the following checks are satisfied (all these same as Rel-17) 
-     FFS 3a: Check for DVT (if UL data becomes available in UL)
-     3b: Check for SDT RSRP threshold
-     3c: Check for TA validation before selecting CG (if applicable)
-     3d: Check for SSB level RSRP threshold for CG resource (if applicable)
5.   When UE resumes for MT-SDT, UE resumes all RBs configured for SDT 
6. 	RBs configured for SDT are common for MO-SDT and MT-SDT
7.	If there is valid CG-SDT resources, the UE should use CG-SDT to transmit the response.   FFS on whether we need to optimize for case when CG periodicity is too long
8. To confirm that when SDT is initiated due to MT-SDT, UE can exchange subsequent DL/UL SDT data on the resumed RBs. This clarifies the RB behaviour of related RAN2#120 agreement.

Agreements
1. Specify a RRC procedure for RRCResume for MT-SDT initiation without checking for availability of UL data (i.e. if MT-SDT is initiated first the resume cause will be set to MT-SDT)
2. UE is allowed to initiate either MO-SDT based resume or non-SDT based resume at any point (before initation RRCResumeRequest for MT-SDT) using separate procedures 
3. If MT-SDT procedure is initiated, for RACH during subsequent data transfer (i.e. RACH triggered due to SR), UE uses only the non-SDT RACH resources (i.e. like legacy) 
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