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1. Introduction
RAN2 has sent LS C1-212849 / R2-2104644 to CT1 for informing CT1 of the RAN2 work on small data transmission(SDT) in RRC_INACTIVE state and asking CT1 for feedback.
SDT is to enable multiple UL and DL packet transmissions (for both NAS signaling and user data packet) between the UE and the network while the UE is in RRC_INACTIVE state (i.e., not transitioning to RRC_CONNECTED state).

This paper anaylizes potential NAS impact to support SDT.
2. Discussion
2.1 Analysis based on the current NAS behavior
According to RAN2 agreement as described in incoming LS (C1-212849), it is up to AS layer decision whether to trigger SDT or transition to RRC_CONNECTED state for non-SDT transmission. In case of SDT, the UE can send uplink NAS signaling or user data packet at the initiation of RRC resume procedure, i.e., before the UE transitions to RRC_CONNECTED state. And if SDT session is in use, the UE does not transition to RRC_CONNECTED state and can send/receive multiple NAS signaling or user data packet until SDT procedure is terminated. If non-SDT is required (even during an ongoing SDT session), the UE performs RRC resume procedure to transition to RRC_CONNECTED state as per legacy behavior. 
Current NAS behaviour when the UE is in 5GMM-CONNECTED mode with RRC inactive indication is specified in TS 24.501 
<Quoted from 5.3.1.4 of TS 24.501>
Upon:
a)   a trigger of a procedure which requires sending of a NAS message different from a REGISTRATION REQUEST message with the NG-RAN-RCU bit of the 5GS update type IE set to "UE radio capability update needed"; or
b)   an uplink user data packet to be sent for a PDU session with suspended user-plane resources;
the UE in 5GMM-CONNECTED mode with RRC inactive indication over 3GPP access shall request the lower layers to transition to RRC_CONNECTED state (see 3GPP TS 38.300 [27]).
 
Upon a trigger to send a REGISTRATION REQUEST message with the NG-RAN-RCU bit of the 5GS update type IE set to "UE radio capability update needed", the UE in 5GMM-CONNECTED mode with RRC inactive indication shall move to 5GMM-IDLE mode over 3GPP access and proceed with the registration procedure for mobility and periodic registration as specified in subclause 5.5.1.3.2.
 
The UE shall transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-CONNECTED mode over 3GPP access upon receiving an indication from the lower layers that the UE has transitioned to RRC_CONNECTED state (see 3GPP TS 38.300 [27]).
</Quoted>
When an uplink NAS message or an uplink user data packet is pending, the NAS layer shall request the lower layer to transition to RRC_CONNECTED, and if the lower layer indicates back to the NAS layer the transition to RRC_CONNECTED state, then the UE can send NAS message or UL user data packet. 
In other words, the NAS message or the user data packet will be sent after the UE transitions to RRC_CONNECTED state i.e., 5GMM-CONNECTED mode. Therefore, current NAS operation cannot support to send uplink NAS message or uplink user data packet at the RRC resume procedure. To support SDT, the UE should be able to pass the uplink NAS message or uplink user data packet along with the request to the AS layer to transition to RRC_CONNECTED state, which is different from legacy behavior.
Observation 1) NAS layer should be aware of SDT supported in order for the UE to pass the uplink NAS message or uplink user data packet along with the request to transition to RRC_CONNECTED state to the AS layer. 
In addition, in order to support multiple NAS signaling or user data packet transmissions during SDT session, the NAS layer of the UE may stay in 5GMM-CONNECTED mode with RRC inactive indication as the AS layer would not indicate back to the NAS layer that the UE transitions to RRC_CONNECTED state. Hence, the NAS layer should support receiving downlink NAS message and proceed with the appropriate procedure in 5GMM-CONNECTED mode with RRC inactive indication. The NAS layer also needs to manage the connection for user data packet transmission.  

Observation 2) NAS operation should be enhanced to support multiple NAS signaling or user data packet transmission during SDT session without transitioning to 5GMM-CONNECTED mode.

When the UE is in 5GMM-CONNECTED mode with RRC inactive indication and the SDT session is ongoing, the UE may need to move to 5GMM-IDLE mode if UE radio capability update is needed.

<quoted from TS 24.501>

Upon a trigger to send a REGISTRATION REQUEST message with the NG-RAN-RCU bit of the 5GS update type IE set to "UE radio capability update needed", the UE in 5GMM-CONNECTED mode with RRC inactive indication shall move to 5GMM-IDLE mode over 3GPP access and proceed with the registration procedure for mobility and periodic registration as specified in subclause 5.5.1.3.2.
<quoted>

Therefore, if the NAS layer does not know whether there is ongoing SDT session, moving to 5GMM-IDLE may cause service disruption for data transmission. 

Observation 3) In order to avoid the disruption of user data transmission over SDT session, the NAS layer needs to know whether SDT session is ongoing or not. Hence, interaction between AS layer and NAS layer is required.

Regarding the additional question from RAN2:

<quoted from C1-212849>

RAN2 also have an additional question:
- RAN2 agreed that only radio bearers configured for SDT are resumed and additional UL and DL data can be exchanged between UE and network as part of a given SDT session while the UE is still in RRC_INACTIVE (i.e. without transition to RRC_CONNECTED). In this case, if new UL data or NAS message becomes available for non-SDT radio bearers (which are suspended), would it be possible that NAS triggers another request to transition into RRC_CONNECTED and provides access category, access identities and resume cause.
</quoted>

The UE bahavior on 5GMM-CONNECTED mode with RRC inactive indication has been specified as below regarding the case when new UL data or NAS message becomes available when the UE is in 5GMM-CONNECTED mode with RRC inactive indication:

<quoted from TS 24.501>

NOTE 0:
Any pending procedure or uplink data packet when receiving an indication from the lower layers that the RRC connection has been suspended, triggers a request to the lower layers to transition to RRC_CONNECTED state. This is also the case when the pending procedure or uplink data packet triggered a previous request to the lower layers to transition to RRC_CONNECTED state.
</quoted>

It implies that while the UE is in 5GMM-CONNECTED mode with RRC inactive indication, if a pending NAS message or uplink user data packet becomes available, the UE requests to the lower layer to transition to RRC_CONNECTED state as of current operation in 5GMM-CONNECTED mode with RRC inactive indication. At this request, the UE provides access category, access identities and resume causes. Therefore, same principle can be applied to the question from RAN2: NAS layer triggers another request to transition to RRC_CONNECTED state as of current behavior when the UE is in 5GMM-CONNECTED mode with RRC inactive indication. 
Observation 4) When a new uplink NAS message or uplink user data packet becomes available while the UE is in 5GMM-CONNECTED mode with RRC inactive indication and an SDT session is ongoing, the UE requests the lower layer to transition to RRC_CONNECTED state as in legacy behaviour regardless of whether SDTis used for the transmission (i.e., it is AS layer decision to trigger SDT or non-SDT for the transmission)

3. Conclusions

Based on observation 1) to 4):
Observation 1) NAS layer should be aware of SDT supported in order for the UE to pass the uplink NAS message or uplink user data packet along with the request to transition to RRC_CONNECTED state to the AS layer. 

Observation 2) NAS operation should be enhanced to support multiple NAS signaling or user data packet transissions during SDT session without transitioning to 5GMM-CONNECTED mode.

Observation 3) In order to avoid the disruption of user data transmission over SDT session, the NAS layer needs to know whether SDT session is ongoing or not. Hence, interaction between AS layer and NAS layer is required.

Observation 4) When a new uplink NAS message or uplink user data packet becomes available while the UE is in 5GMM-CONNECTED mode with RRC inactive indication and an SDT session is ongoing, the UE requests the lower layer to transition to RRC_CONNECTED state as in legacy behaviour regardless of whether SDT is used for the transmission (i.e., it is AS layer decision to trigger SDT or non-SDT for the transmission)

It is proposed to send reply LS to RAN2 (submitted as C1-21xxyyls) with following contents:
CT1 has analysed the NAS impact for supporting SDT as below:

- NAS layer should be aware of SDT supported in order for the UE to pas the uplink NAS message or uplink user data packet along with the request to transition to RRC-CONNECTED state to the AS layer. 

- NAS operation should be enhanced to supportmultiple NAS signaling or user data packet transmission during SDT session without transitioning to 5GMM-CONNECTED mode.
- When the UE is in 5GMM-CONNECTED mode with RRC inactive indication and the SDT session is ongoing, the UE may need to move to 5GMM-IDLE mode if UE radio capability update is needed. In order to avoid the disruption of data transmission over SDT session, the NAS layer needs to know whether SDT session is ongoing or not. Hence, interaction between AS layer and NAS layer is required.

Answer to the question from RAN2:

When a new uplink NAS message or uplink user data packet becomes available while the UE is in 5GMM-CONNECTED mode with RRC inactive indication and an SDT session is ongoing, the UE requests the lower layer to transition to RRC_CONNECTED state as in legacy behaviour regardless of whether SDT is used for the transmission (i.e., it is AS layer decision to trigger SDT or non-SDT for the transmission)
