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Abstract: It’s proposed to discuss the support the MT-SDT for REDCAP UEs in RRC Inactive with long eDRX.
1. Introduction
In R3-233347[1], RAN3 has discussed the need to signal the DL data size in the DL DATA NOTIFICATION message to help NG-RAN making decision if MT-SDT paging can be performed based on the QFI associated with the configured SDT radio bearer. SA2 is asked to confirm whether it is feasible that DL data size can be signalled to the NG-RAN (e.g. for QoS flows that have buffered data in the CN) along with the paging differentiation parameters to assist NG-RAN for MT-SDT paging decision in case of DL data arrival.
This paper intends to give an analysis on the existing gaps for support of MT-SDT for REDCAP UE in RRC Inactive status with long eDRX cycle.
2. Discussion
2.1 SDT introduction 
Small Data Transmission (SDT) is a procedure allowing data and/or signalling transmission while remaining in RRC_INACTIVE state (i.e. without transitioning to RRC_CONNECTED state). SDT is enabled on a radio bearer basis and is initiated by the UE or NG-RAN only if less than a configured amount of data awaits transmission across all radio bearers for which SDT is enabled.
Observation 1: The SDT configuration is at a radio bearer granularity. 
Observation 2: The SDT configurations are available for both DRB and SRB.
During RRC release procedure, the NG-RAN may configure the SDT radio bearer(s) to the UE. In case of any MO data or signalling, the UE may determine whether to trigger the SDT RB resume based on its implementation. 
Observation 3: Whether MO SDT should be triggered for each RB configured with SDT depends on the UE implementation and there is no impact to SA2 from the MO SDT perspective. 
In case of MT data/signalling, the NG-RAN determines whether to the MT data/signalling should be delivered to UE via SDT RB. When the MT SDT DRB/SRB should be used, the NG-RAN initiates the RAN paging with a MT-SDT indication within the RAN paging message. After receiving the paging message with the MT-SDT indication, the UE initiates the RRC Resume procedure to resume the SDT DRB/SRB configured by NG-RAN during the RRC release procedure. 
When there is non-SDT data/signalling arrival, the NG-RAN may determine to release the SDT DRB/SRB and then initiate the normal RAN paging to trigger the legacy DRB/SRB resume to deliver the non-SDT data/signalling. 
Observation 4: Whether MT-SDT should be enabled for the configured SDT radio bearer(s) is determined by the NG-RAN.  
In current RAN3 agreements, the DL data size has been considered as a key factor when determining whether to trigger the MT-SDT delivery. For UE in RRC Inactive with legacy eDRX cycle(i.e. no more than 10.24s), the DL data is directly forwarded to the NG-RAN without being buffered in the CN and the NG-RAN can acquire the DL data size for each QoS Flow/DRB in case of DL data arrival. However, the DL data is buffered at the CN (i.e. SMF, UPF) when the eDRX cycle is larger than 10.24s for REDCAP UE(s) in RRC Inactive state and the NG-RAN cannot derive the DL data size for each QoS Flow by itself.
Besides, based on the RAN3 LS[1], SA2 is also asked to provide the DL data size for QoS Flows that have buffered data in the CN to the NG-RAN for MT-SDT paging decision. 
Furthermore, RAN3 has discussed the need to signal the DL data size in the DL DATA NOTIFICATION message to help NG-RAN making decision if MT-SDT paging can be performed based on the QFI associated with the configured SDT radio bearer. RAN3 would like to ask SA2 and CT4 whether it is feasible that DL data size can be signalled to the NG-RAN (e.g. for QoS flows that have buffered data in the CN) along with the paging differentiation parameters to assist NG-RAN for MT-SDT paging decision.
 Observation 5: The DL data size at a QoS Flow granularity is necessary to assist NG-RAN for MT-SDT paging decision.
2.2 CN based MT communication handling
As concluded in the REDCAP_Ph2, when the UE in RRC Inactive is configured with long eDRX cycle (i.e. longer than 10.24s), the NG-RAN may indicate AMF and AMF may initiate the High Latency communication function to handle the MT data, i.e. to indicate SMF/UPF to buffer the DL data. 
In case of DL data arrival, the UPF notifies SMF and SMF invokes the Namf_MT_EnableUEReachability service to check the UE reachability with AMF. If the UE is not reachable due to the eDRX, the AMF rejects the SMF request with estimated maximum waiting time for subsequent DL data buffering. Unless there is subsequent DL data arrival for the QoS Flow with higher priority, the SMF is not allowed to re-notify the AMF as defined in clause 4.8.2.2b of TS 23.502. 
If the SMF, while waiting for UE triggered Connection Resume indication or a reject response (with Estimated Maximum Wait time) from the AMF, receives any additional Data Notification message due to additional data packets for another QoS Flow associated with a higher priority (i.e. ARP priority level) than the priority indicated to the AMF in the previous Namf_MT_EnableUEReachability, or the SMF derive a different Paging Policy Indicator according to the additional Data Notification, the SMF invokes a new Namf_MT_EnableUEReachability indicating the higher priority or different Paging Policy Indicator to the AMF. The information contained in the new Namf_MT_EnableUEReachability request overrides the information from the previous Namf_MT_EnableUEReachability request that is stored in the AMF. If the SMF receives any additional Data Notification messages due to additional data packets for another QoS Flow associated with same or lower priority than the priority indicated to the AMF in the previous Namf_MT_EnableUEReachability or if the SMF has sent the second Namf_MT_EnableUEReachability message indicating the higher priority and receives additional downlink data packets for this UE, the SMF buffers these downlink data packets and does not send a new Namf_MT_EnableUEReachability meassage.
Observation 6: The SMF is not allowed to re-notify the AMF unless there is subsequent DL data arrival for the QoS Flow with higher priority or different Paging Policy Indicator is derived. 
In case of DL data arrival, if the SMF notifies the DL data size to AMF via the Namf_MT_EnableUEReachability service request, the request gets rejected due to the unreachability of UE in RRC Inactive with long eDRX and the AMF can only get the data size for the QoS Flow when the data firstly arrived. Even the SMF may re-notify the AMF due to subsequent DL data arrival for the QoS Flow with higher priority, the AMF can only get the data size at that moment. It may take a while before AMF determines to initiate the RAN paging based on the eDRX parameters. Hence, when AMF sends the DL Data Notification Message to trigger the RAN paging, the data size for each QoS Flow with data arrived may be incomplete and not accurate. 
Observation 7: The AMF cannot get the complete and accurate DL data size for each QoS Flow with data arrived even the SMF can notify the DL data size to AMF in case of DL data arrival. 
Therefore, when the UE is about to be reachable and sending the N2 message to trigger the RAN paging, the AMF need to get the up-to-date DL data size for each QoS Flow. A data size information acquisition mechanism is needed for the AMF to trigger the SMF/UPF to report the DL data size for each QoS Flow before triggering the RAN paging in order to get the up-to-data DL data size for each QoS Flow.
Observation 8: The AMF needs to trigger the SMF/UPF to report the DL data size for each QoS Flow before triggering the RAN paging in order to get the up-to-data DL data size for each QoS Flow.
2.3 Consequences in case of inaccurate DL data size 
When the DL data size for each QoS Flow is not accurate or the AMF only provides the data size of the first arrived packets for a single QoS Flow, if the gNB decides to trigger the MT-SDT based RAN paging, the UE resumes the SDT DRB. Eventually, the gNB notifies AMF that the UE is now reachable for downlink data or signalling and the gNB may receive more data for more QoS flows, including:
a. More packets arrived for the QoS Flow which has been notified that only a small amount of data arrived during the RAN paging request. 
b. Data arrived for the QoS Flows which corresponds to the non-SDT DRBs (i.e. DRBs not configured as SDT DRBs).
In case of the above scenarios, the gNB may need to resume the legacy DRBs instead of the SDT DRBs. As specified in clause 18 of TS 38.300 [x], there may be three different cases for small data transmission. 
Case A: SDT without gNB change. 
In this case, the gNB which moved UE to RRC Inactive is the same as the one to which UE resumes the SDT DRBs as shown below. 


Figure 1. Case A SDT without gNB change.
1.	When DL data arrived, the data size of the firstly-arrived packets is provided from UPF to AMF via SMF following the step 1a in Figure 4.8.2.2b-1 of TS 23.502.
2.	When the UE is about to be reachable, the AMF sends the RAN paging request with the DL data size of the firstly-arrived packets as well as the PDU Session ID and the QoS Flow ID. 
3.	The RAN may decide to trigger the MT-SDT paging based on the information from the previous step. 
4.	The UE resumes the SDT DRBs to the NG-RAN.
5.	The NG-RAN notifies the AMF that the UE is now reachable for the DL data and/or signalling. 
6.	The AMF interacts with the SMF/UPF to forward the buffered data if any.
7.	The buffered DL data is sent from the UPF to the gNB. 
8.	The gNB may decide to resume legacy DRBs due to the reasons as described above. 
9.	The gNB further sends the RRC Resume message to the UE to complete the DRB resume procedure and then the legacy DRBs are resumed. 
10.	The resumed legacy DRBs are used to deliver the larger amount of data for the SDT-configured QoS Flows or the non-SDT QoS Flows.
Case B: SDT with UE context relocation. 
In this case, the UE is paged to resume SDT DRBs to a gNB which is different from the one sent UE to RRC Inactive before. 


Figure 2. Case B SDT with UE context relocation.
Compared to Case A, the only difference is that the UE context is transferred from the last-serving gNB to the receiving gNB and then the gNB triggers the N2 Path Switch procedure to notify the Core Network that the UE is now reachable for DL data and/or signalling. 
In this case, if the receiving gNB decides to resume the legacy DRBs in Step 8, the receiving gNB can send the RRC Resume message to UE to complete the DRB resume procedures similar to Case A. 
Case C: SDT without UE context relocation
In this case, even the receiving gNB is different from the one which sent UE to RRC inactive, the last serving gNB may decide to keep the UE context due to some reasons, e.g. the UE is performing the RNA update procedure, there are no small amount of data to be transmitted. 


Figure 3. Case C SDT with UE context relocation.
Compared to Case B, the difference the last serving gNB may decide to keep the UE context in Step 5. 
When the last serving gNB decides to resume the legacy DRBs in step 8, it has to send the UE back to RRC Inactive statue and then further re-page the UE again to trigger the Connection Resume procedure as described in Clause 4.8.2.2 of TS 23.502. 
In the LS R3-234589 on SDT signalling optimization for partial context transfer, RAN3 is discussing an optimization that, in the RRC Release message in Step 9, the last serving gNB may indicate the UE to trigger the Connection Resume procedure to avoid the re-paging for that UE. However, this still depends on the feedback of RAN2.
Summary 
Based on the above analysis, if the gNB is only provided with the initial data size of the firstly-arrived packets, additional cost is still necessary, especially for the case C as mentioned above. Therefore, it’s recommended to let the AMF provide the accurate DL data size for each QoS Flow.  
Observation 9: If the gNB is only provided with the initial data size of the firstly-arrived packets, additional cost is still necessary.
3. Conclusion and proposal
Considering the above 8 observations, it’s proposed to support the MT-SDT for REDCAP UEs in RRC Inactive with long eDRX cycle.
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