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Following are the Objectives for MT-SDT transmission for NR.
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 contribution discusses various enhancements to support MT-SDT for R18 NR UEs in RRC_INACTIVE state.
Enhancements to support MT-SDT for RRC_INACTIVE state UEs
NG-AP enhancements for MT-SDT triggering and NG-RAN interfaces paging enhancements 
In R17, MO-SDT was introduced to enable UE to transmit small amounts of UL data while in RRC_INACTIVE state without fully transitioning into RRC_CONNECTED state and this helps UE to reduce the power consumption and also helps to reduce signalling overhead of frequent RRC state transitions between RRC_INACTIVE and RRC_CONNECTED state. MO-SDT can be based on 2 step or 4 step RACH based or UL CG depending on configuration and how much amount of data is available (MO-SDT data threshold is configured to UE)  in UEs L2 buffer. MO-SDT will be triggered only when UL data pending for transmission is below configured data threshold value. 
Similar to MO-SDT, for the case of MT-SDT, gNB can trigger MT-SDT for DL data transmission only when MT data 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 decided by CU-CP itself.  




A typical MT-SDT call flow is shown below.



Call Flow 1 : Typical MT-SDT call flow 
As shown in above MT-SDT call flow 1, when UE is in RRC_INACTIVE state and DL data arrives at CU-UP, it can provide notification to CU-CP about the DL data available for transmission for SDT configured radio bearers and amount of data available for transmission. CU-CP is expected to trigger DL-SDT only when available DL 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. In order to trigger MT-SDT, CU-CP has to send F1 Paging Message to DU and DU will send RAN Paging Message to UE. 
In order to indicate to UE about the RRC paging message is intended for MT-SDT, RAN2#120 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. 
Once RRC_INACTIVE UE received 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. UE is expected to resume RRC connection procedure by transmitting RRC Resume Request (either by RA-SDT or CG based procedure). During RAN2#120, it was also agreed to introduce new indication in RRC Resume Request for MT-SDT” to assist gNB to determine that UE is responding to MT-SDT RAN paging message and it is still FFS about details of MT-SDT indication. 
[bookmark: _Toc126620207][bookmark: _Toc126761284]RAN2 already agreed to include a "MT-SDT flag" in the Paging message over Uu.
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 release UE context.
Based on above discussion , we have following proposals 
[bookmark: _Toc126761308]CU-UP indicates to CU-CP about DL data available for transmission and amount of data available.
[bookmark: _Toc126761309]CU-CP is configured with MT-SDT data thresholds (implementation based) and CU-CP makes the decision whether to trigger MT-SDT or not depending on DL data available for transmission.
[bookmark: _Toc126620247][bookmark: _Toc126620774][bookmark: _Toc126687389][bookmark: _Toc126761310]CU-CP to include a "MT-SDT flag" in the F1AP Paging message to gNB-DU.
For RAN Paging, CU-CP has to send RAN Paging via Xn interface to neighbour gNBs and Xn Paging Message for MT-SDT has to include MT-SDT flag.
[bookmark: _Toc126620248][bookmark: _Toc126620775][bookmark: _Toc126687390][bookmark: _Toc126761311]Include MT-SDT flag in RAN PAGING message over Xn.
Xn based UE context retrieval enhancements for MT-SDT  

In response to receiving RRC paging message including MT-SDT flag, UE will respond to MT-SDT paging message by performing RRC Resume procedure either by using the normal RACH or RA-SDT resources or CG-SDT configuration. UE will send RRC Resume Request message including MT-SDT as resume cause so that CU-CP knows UE is responding to MT-SDT paging message. It is possible that UE may perform resume procedure in non-anchor gNB (new serving gNB) and serving gNB CU-CP will initiate UE context retrieval procedure (based on I-RNTI received from UE) by sending Xn UE Context Retrieve Message to Anchor gNB CU-CP. In order to make Anchor gNB aware about the UE context retrieval is due to MT-SDT procedure, it is reasonable to include MT-SDT flag in Xn Retrieve UE Context Message.
[bookmark: _Toc126620249][bookmark: _Toc126620776][bookmark: _Toc126687391][bookmark: _Toc126761312]Upon receiving the MT-SDT flag in RRCResumeRequest message from UE, serving gNB should include the MT-SDT flag in Retrieve UE Context Request message so that the anchor gNB knows this is a MT-SDT procedure and will forward DL data towards serving gNB.

Similar to MO-SDT related UE context transfer between serving gNB and Anchor gNB , for MT-SDT also it is possible to have UE context retrieval can be with anchor relocation and without anchor relocation. Call flow 2 and Call flow 3 in this section describes typical MT-SDT related UE context transfer procedures with and without Anchor relocation.




Call Flow 2 : MT-SDT UE context retrieval procedure with Anchor relocation 





Call Flow 3 : MT-SDT UE context retrieval procedure without anchor relocation 

RAN3 need to discuss above stage-2 call flows for MT-SDT UE context retrieval. 
We propose, 
[bookmark: _Toc126620250][bookmark: _Toc126620777][bookmark: _Toc126687392][bookmark: _Toc126761313]RAN3 to discuss stage-2 call flows for i) MT-SDT with anchor relocation and ii) MT-SDT without anchor relocation.
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]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
But data/signaling received on non-SDT bearers may have higher priority than ongoing MT-SDT radio bearers small data. In such scenarios, it is reasonable to trigger UE to transition into RRC_CONNECTED state as soon as possible instead of R17 procedure to release UE into RRC_INACTIVE state. There are different options available to trigger UE into RRC_CONNECTED state when non-SDT data/signalling is available and RAN3 has to discuss which option to be adopted.
[bookmark: _Toc126620209][bookmark: _Toc126761286]Data/signaling on non-SDT bearers might be high priority, therefore it is beneficial to move the UE into RRC_CONNECTED upon the arrival of DL non-SDT data or signaling (instead of moving it into RRC_INACTIVE) or provide a mechanism to speed up the resume from RRC_INACTIVE if UE is put into RRC_INACTIVE
Thus, we propose
[bookmark: _Toc126620251][bookmark: _Toc126620778][bookmark: _Toc126687393][bookmark: _Toc126761314]RAN3 to discuss mechanism to handle DL non-SDT data arrival during MT-SDT for the case of partial UE context transfer. Potential solutions include:
[bookmark: _Toc126620252][bookmark: _Toc126620779][bookmark: _Toc126687394][bookmark: _Toc126761315]Option 1: Upon detecting DL non-SDT data/signaling arrival, anchor gNB makes the decision for  complete UE context relocation to serving gNB (earlier it did just partial context relocation) and serving gNB triggers UE transition into RRC_Connected state by sending RRC Resume message. Anchor gNB also sends an indication to the receiving gNB for DL non-SDT data arrival.
[bookmark: _Toc126620253][bookmark: _Toc126620780][bookmark: _Toc126687395][bookmark: _Toc126761316]Option 2: Anchor gNB sends an indication to the serving gNB for DL non-SDT data arrival and serving gNB makes the decision for context relocation and move to RRC_Connected state. Detailed signalling FFS.
[bookmark: _Toc126620254][bookmark: _Toc126620781][bookmark: _Toc126687396][bookmark: _Toc126761317]Option 3: Anchor gNB sends non-SDT data/signalling arrival indication to serving gNB and RRC serving gNB decides to send RRC Release message to UE including CFRA resources to UE (i.e., CFRA resources to UE to speed up Resumption to Connected state)

Summary 

Based on the discussion, we have following observations: 
Observation 1.	RAN2 already agreed to include a "MT-SDT flag" in the Paging message over Uu.
Observation 2.	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
Observation 3.	Data/signaling on non-SDT bearers might be high priority, therefore it is beneficial to move the UE into RRC_CONNECTED upon the arrival of DL non-SDT data or signaling (instead of moving it into RRC_INACTIVE) or provide a mechanism to speed up the resume from RRC_INACTIVE if UE is put into RRC_INACTIVE


Based on these observations and discussion above, we have the following proposals:
Proposal 1.	CU-UP indicates to CU-CP about DL data available for transmission and amount of data available.
Proposal 2.	CU-CP is configured with MT-SDT data thresholds (implementation based) and CU-CP makes the decision whether to trigger MT-SDT or not depending on DL data available for transmission.
Proposal 3.	CU-CP to include a "MT-SDT flag" in the F1AP Paging message to gNB-DU.
Proposal 4.	Include MT-SDT flag in RAN PAGING message over Xn.
Proposal 5.	Upon receiving the MT-SDT flag in RRCResumeRequest message from UE, serving gNB should include the MT-SDT flag in Retrieve UE Context Request message so that the anchor gNB knows this is a MT-SDT procedure and will forward DL data towards serving gNB.
Proposal 6.	RAN3 to discuss stage-2 call flows for i) MT-SDT with anchor relocation and ii) MT-SDT without anchor relocation.
Proposal 7.	RAN3 to discuss mechanism to handle DL non-SDT data arrival during MT-SDT for the case of partial UE context transfer. Potential solutions include:
Option 1: 	Upon detecting DL non-SDT data/signaling arrival, anchor gNB makes the decision for  complete UE context relocation to serving gNB (earlier it did just partial context relocation) and serving gNB triggers UE transition into RRC_Connected state by sending RRC Resume message. Anchor gNB also sends an indication to the receiving gNB for DL non-SDT data arrival.
Option 2: 	Anchor gNB sends an indication to the serving gNB for DL non-SDT data arrival and serving gNB makes the decision for context relocation and move to RRC_Connected state. Detailed signalling FFS.
Option 3: 	Anchor gNB sends non-SDT data/signalling arrival indication to serving gNB and RRC serving gNB decides to send RRC Release message to UE including CFRA resources to UE (i.e., CFRA resources to UE to speed up Resumption to Connected state)
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