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Abstract of the contribution: The contribution discusses how to enable co-existence between Small Data Transmission (SDT) and core network buffering in RRC_Inactive state.
1	Introduction
In their LS (R2-2302082 / S2-2303947) RAN2 indicated the following:
RAN2 intends to allow configuring extended DRX (eDRX) beyond 10.24 sec in RRC_INACTIVE together with SDT features (including MO and/or MT versions of SDT).
In parallel, in their LS (C4-230533 / S2-2303936) CT4 have indicated the following:
[bookmark: _Hlk128565481]The Network Triggered Connection Resume procedure in RRC Inactive with CN based MT communication handling, specified in clause 4.8.2.2b of 3GPP TS 23.502, requires the SMF to send an Namf_MT EnableUEReachability request to the AMF and the AMF to request then the NG-RAN to transition the UE to RRC_CONNECTED. This involves NG-RAN paging the UE.
Accordingly, when specifying the corresponding stage 3 requirements, CT4 has assumed that: 
-	the Namf_MT EnableUEReachability request should allow the SMF to provide paging policy information/parameters including the PPI, the ARP and the 5QI of the QoS flow of the PDU session which triggers the Connection Resume procedure, and
-	the AMF would include the same towards the NG-RAN to enable similar NG-RAN paging as when NG-RAN pages the UE upon receiving DL packets for a UE in RRC_INACTIVE state (without CN based MT communication handling).  
When the Rel-18 functionality for CN buffering for UE in RRC_Inactive state was defined as part of NR_RedCap_Ph2, the interaction with the Small Data Transmission (SDT) feature defined by RAN2 has not been considered.
This contribution analyzes the co-existence of SDT with CN-based buffering in RRC_Inactive state, taking also into account the input from the CT4 LS.
2	Discussion
As part of the RedCap work it was agreed to support Core Network (CN) buffering for UE in RRC_Inactive state in order to support an extended Discontinuous Reception (eDRX) cycle with values on the order of hours. As a consequence, even though the UE is CM_Connected (RRC_Inactive) state, the 5G system is allowed to buffer data in the UPF in order to better cope with UE mobility. The buffering in the UPF for each of the UE’s PDU sessions with activated user plane resources is started or stopped based on a request from RAN, as indicated in the figures below:
Figure 1 illustrates the RAN initiated procedure with CN based buffering for UE in RRC_Inactive state.
Figure 2 illustrates the UE-initiated procedure for connection resumption.
Figure 3 illustrates the NW-initiated procedure for connection resumption.



[bookmark: _Hlk130408094]Figure 1 (same as TS 23.502 Figure 4.8.1.1a-1): NG-RAN initiated Connection Inactive procedure with CN based MT communication handling


Figure 2 (same as TS 23.502 Figure 4.8.2.2-1): Connection Resume in RRC Inactive


Figure 3 (same as 23.502 Figure 4.8.2.2b-1): Network Triggered Connection Resume for UE in RRC Inactive with CN based MT communication handling
When the Rel-18 functionality for CN buffering for UE in RRC_Inactive state was defined, the interaction with the Small Data Transmission (SDT) feature has not been considered.
Observation 1: When CN buffering for UE in RRC_Inactive state was defined, the interaction with SDT has not been considered. 
One salient feature of SDT is that it allows for small data transmission to or from the UE in RRC_Inactive state without any change to the UE’s RRC state. The decision for keeping the UE in RRC_Inactive  or moving it to RRC_Connected state is a local decision made by the RAN. It can be triggered by the RAN at time during the SDT session and is completely transparent to the CN.
During SDT, data can be restricted to certain radio bearers (RBs); that is, only data for these configured RBs (e.g. user data of QoS Flows mapped to these RBs) can be exchanged during an SDT session. This kind of data is referred as “SDT data” and these configured RBs as “SDT RB”. Depending on UE’s capabilities, DRB and SRB2 (carrying NAS signalling) can be configured as SDT RBs.    These RBs are configured for SDT operation by the gNB to the UE via RRCRelease message.  Rel-17 defined mobile originated SDT (MO-SDT) and Rel-18 introduces mobile terminated SDT (MT-SDT).  MT-SDT can configure the same or different set of RBs than MO-SDT, where the downlink data from only these MT-SDT configured RBs will trigger the gNB to Page the UE for MT-SDT operation.  On reception of this Page with MT-SDT indication, the UE will initiate an MT-SDT session. For data on any of the RBs other than SDT RBs, UE will require legacy resume procedure, including legacy Page and move UE to RRC_Connected state.  
RBs are only visible to RAN and UE’s access stratum (AS).  The mapping of downlink data to a RB is only decided and visible in the RAN.  SDT operation itself is transparent to the CN.  Hence the CN does not know whether the data for the UE belongs to an SDT RB or not.
Observation 2: SDT is completely transparent to CN.
As illustrated in Figure 2, upon the connection resumption triggered by the UE, at the end of the call flow it is implied that the UE is necessarily moved to RRC_Connected state. However, if the connection resumption was triggered due to SDT, then the UE should logically be kept in RRC_Inactive state and the decision for doing so should be made by the RAN (which is configured to know whether the data is SDT or not, based on the underlying radio bearer / QoS Flow identifier).
Similar comment applies to Figure 3, which recursively references Figure 2 and thus leads the UE to always move to RRC_Connected state at the end of the procedure for connection resumption.
Observation 3: In the existing call flows the Connection Resume procedure always ends with the UE in RRC_Connected state, which should not be the case when the data transfer belongs to an SDT session. 
3	Co-existence with SDT
As suggested in the CT4 LS (C4-230533) we assume that the N2 message that indicates the presence of buffered data in the UPF also includes some additional information for the QoS flow which triggers the Connection Resume procedure. The CT4 LS suggests that these additional parameters should be the PPI, the ARP and the 5QI. While we agree with the PPI and the ARP, in our view the QFI of the underlying QoS Flow is more appropriate than the 5QI. Based on the QFI the RAN can determine whether the resumption is triggered for SDT or not, i.e. RAN determines whether to trigger paging with MT-SDT indication for the given UE. An example overall flow is as illustrated in Figure 4.
Observation 4: While SDT is completely transparent to CN, RAN would benefit from obtaining assistance from the CN in order to identify whether the underlying RB is of SDT or non-SDT type. 



Figure 4: Co-existence between SDT and Network Triggered Connection Resume for UE in RRC Inactive with CN based MT communication handling
The following are the salient steps in the procedure illustrated in Figure 4:
1.	Upon arrival of the first packet corresponding to a specific Packet Detection Rule (PDR) the UPF sends a Data Notification to SMF (step 1a.1) and includes information about the PDR and optionally the QFI corresponding to that first packet. The Data Notification may also include the PPI and the ARP that can be used for paging policy differentiation. The SMF sends a Namf_MT_EnableUEReachability request to the AMF (step 1a.2), including QFI, PPI and ARP. AMF determines the UE is unreachable (due to the UE being configured for extended idle mode DRX) and sends an MT_EnableUEReachability response to the SMF (step 1a.3) including Estimated Maximum Wait time in the response message (used by the UPF for discarding the packet in case of no UE response). The SMF sends a Data Notification response to the UPF (step 1a.4) including the Maximum Wait time and optionally an indication to the UPF to stop sending further Data Notifications.
2.	When AMF determines that the UE has become reachable it sends an N2 message indicating the presence of buffered data in the CN and includes information associated with the DL data currently buffered by CN. This information in the N2 message should include the QFI, PPI and ARP. Based on this information, RAN determines whether the resumption is triggered for SDT or not., taking into account the information about which RBs are configured for MT-DRB.  If the QoS flow is mapped to an MT-SDT DRB, the RAN determines that the connections resumption is triggered due to SDT.  
3.	RAN pages the UE with MT-SDT indication.
4. 	On receipt of the Page with MT-SDT indication, the UE can initiate an SDT session by sending a RRCResumeRequest message along with an indication that it is responding to an MT-SDT indication in the Paging message.  The UE continues in RRC_Inactive during the SDT session.  
6. 	The RAN node requests the CN to release the data from the CN buffer.  Note that this is done even though the UE has not moved to RRC_Connected. This is because an SDT session is ongoing.
NOTE: While Figure 4 focuses on MT communication handling, it is noted that step 6 also applies for MO SDT.
7. 	Data on SDT RBs can be exchanged between the UE and network.  
8b.	If the RAN determines that the data transfer for SDT is completed, to terminate an SDT session, RAN can send RRCRelease message to the UE including the suspendConfig which informs the UE that it should remain in RRC_Inactive state and re-activates CN buffering (assuming INACTIVE eDRX > 10.24sec is still configured). RAN can also provide SDT-Config as part of the suspendConfig if UE is still allowed to use SDT while in RRC_INACTIVE.
If during the SDT data transfer the RAN determines that it needs to move the UE to RRC_Connected (e.g., due to the duration or volume of data transfer in SDT, or due to data arriving on a non-SDT RB (i.e. RB not configured for SDT), it can send a RRCResume message to the UE at any time of the SDT session.  This then moves the UE to RRC_Connected state.  At this time, no additional indication to the CN is required as the request to release the data buffer was already made when SDT session started.
It is proposed to adjust the call flows in TS 23.502 so that the UE’s end state is not always RRC_Connected.
Proposal 1: Adjust the call flows in TS 23.502 so that the UE’s end state is not always RRC_Connected. Companion CRs are provided in S2-2304000 and S2-2304155 for 23.502 and 23.501, respectively.
4	Complex scenarios
Consider the case where the UE has multiple established QoS Flows, some of which map to SDT RBs, while others map to non-SDT RBs.
Consider also that upon handling the Data Notification from the UPF, the SMF has the option of indicating to the UPF (refer to Figure 4 step 1a.4) to stop sending subsequent Data Notifications while awaiting the UE response. For the sake of discussion let us assume first that the SMF systematically requests the UPF to stop sending subsequent Data Notifications.
Given that the eDRX cycle can be very long (resulting in a long Maximum Wait time in step 1a.4), it is likely that MT data can arrive on more than one QoS Flows.
In case the multiple QoS Flows for which DL data has arrived correspond to a mix of SDT and non-SDT RBs, the overall handling in the RAN should be adjusted to handling of non-SDT RBs. However, in case of suppressed Data Notifications the information contained in the N2 message (Figure 4 step 2) will include only the QFI of the first QoS Flow that triggered a Data Notification. If the first QoS Flow happens to map to an SDT RB, then obviously RAN will make a suboptimal decision: namely, in Figure 4 step 3 the RAN will page the UE with MT-SDT indication, only to realize later (in step 7 of Figure 4) that there are also data corresponding to non-SDT RBs. It is noted that in absence of any optimization the RAN can handle this situation by sending an RRCResume message to the UE at any time of the SDT session in order to move the UE to RRC_Connected state. However, this handling is suboptimal in that it introduces an additional RRC transaction compared to the case where from the very beginning the RAN would be informed via the N2 message (Figure 4 step 2) about all the QFIs for which there is buffered DL data.
Observation 5: In presence of DL data corresponding to a mix of SDT and non-SDT radio bearers, and assuming that the subsequent Data Notifications are suppressed, the RAN handling will be suboptimal in case the single Data Notification was triggered by SDT traffic.
Proposal 2: Add an Editor’s note related to the issue raised in Observation 5. 
For the case where the subsequent Data Notifications are not suppressed, the AMF will receive an Namf_MT_EnableUEReachability request for each QoS Flow for which there is buffered data in the UPF. In this case the specification text needs to be improved to clarify the expected AMF handling. For instance, the AMF could send multiple N2 messages (each N2 message corresponding to an Namf_MT_EnableUEReachability request), or send a single N2 message with combined QoS Flow information from multiple Namf_MT_EnableUEReachability requests, or a single N2 message including information for a single QoS Flow (which one?).
Observation 6: In case the subsequent Data Notifications are not suppressed, the AMF handling of the N2 message needs to be clarified.
Proposal 3: Add an Editor’s note related to the issue raised in Observation 6. 
5	Proposal
Observation 1: When CN buffering for UE in RRC_Inactive state was defined, the interaction with SDT has not been considered. 
Observation 2: SDT is completely transparent to CN. 
Observation 3: In the existing call flows the Connection Resume procedure always ends with the UE in RRC_Connected state, which should not be the case when the data transfer belongs to an SDT session. 
Observation 4: While SDT is completely transparent to CN, RAN would benefit from obtaining assistance from the CN in order to identify whether the underlying RB is of SDT or non-SDT type.
Proposal 1: Adjust the call flows in TS 23.502 so that the UE’s end state is not always RRC_Connected. Companion CRs are provided in S2-2304000 and S2-2304155 for 23.502 and 23.501, respectively.
Observation 5: In presence of DL data corresponding to a mix of SDT and non-SDT radio bearers, and assuming that the subsequent Data Notifications are suppressed, the RAN handling will be suboptimal in case the single Data Notification was triggered by SDT traffic.
Proposal 2: Add an Editor’s note related to the issue raised in Observation 5. 
Observation 6: In case the subsequent Data Notifications are not suppressed, the AMF handling of the N2 message needs to be clarified.
Proposal 3: Add an Editor’s note related to the issue raised in Observation 6. 
Two LS OUTs have been submitted in line with the proposals above (S2-2304275 to RAN2/RAN3; S2-2304277 to CT4).
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