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1. Introduction
[bookmark: Proposal_Pattern_Length]3GPP NR supports RRC_INACTIVE state and UEs with infrequent data transmission are generally maintained by the network in the RRC_INACTIVE state. Until Rel-16, the RRC_INACTIVE state doesn’t support data transmission. Hence, the UE has to resume the connection (i.e., move to RRC_CONNECTED state) for any DL (MT) and UL (MO) data. Connection setup and subsequently release to RRC_INACTIVE state happens for each data transmission.
In Rel-17, RAN2 is working on Small Data Transmission (SDT) in RRC_INACTIVE state where multiple UL and DL packets can be exchanged between the network and the UE without UE transitioning to RRC_CONNECTED with WID (RP-210870). RAN2 has sent an LS to CT1 (R2-2104644 / C1-212849) on small data transmission wherein RAN2 is asking CT1 to provide feedback on NAS-AS interactions for SDT. This document discusses these interactions. 
Discussion
Legacy operation with RRC_INACTIVE
[bookmark: _Toc45286666][bookmark: _Toc51947933][bookmark: _Toc51949025][bookmark: _Toc68202757]The legacy (Rel-16) UE NAS operation with RRC_INACTIVE state is described in TS 24.501 clause 5.3.1.4.
5.3.1.4	5GMM-CONNECTED mode with RRC inactive indication
The UE is in 5GMM-CONNECTED mode with RRC inactive indication when the UE is in:
a)	5GMM-CONNECTED mode over 3GPP access at the NAS layer; and
b)	RRC_INACTIVE state at the AS layer (see 3GPP TS 38.300 [27]).
Unless stated otherwise, the UE behaviour in 5GMM-CONNECTED mode with RRC inactive indication follows the UE behaviour in 5GMM-CONNECTED over 3GPP access, except that:
a)	the UE shall apply the mobility restrictions; and
b)	the UE shall perform the PLMN selection procedures
as in 5GMM-IDLE mode over 3GPP access.
The UE shall transition from 5GMM-CONNECTED mode over 3GPP access to 5GMM-CONNECTED mode with RRC inactive indication upon receiving an indication from the lower layers that the RRC connection has been suspended.
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.


When the UE access stratum is in RRC_INACTIVE state and the lower layers are suspended, the UE NAS is in 5GMM-CONNECTED mode with RRC inactive indication. The AS DRBs are either not established or in suspended state. Either way the NAS layer only deal with PDU sessions and is unaware of DRBs. When the UE needs to transfer any new uplink data which is not mapped to established DRBs or initiate any new signaling procedure, the AS requests the NAS to perform a Service Request procedure which results in sending a request to lower layers to establish DRBs and transition to RRC_CONNECTED state. The Service Request procedure terminates with a Service Accept which results in NAS layer transitioning to 5GMM-CONNECTED mode.

NAS impacts during SDT
In their LS to CT1, RAN2 has mentioned that they have agreed to several points wherein SDT with RRC message is supported as a baseline. RAN2 has mentioned in their LS that RAN2 understanding is SDT is transparent to NAS layer 
1) SDT is transparent to NAS layer (i.e., NAS generates one of the existing resume causes and AS decides SDT vs non-SDT access)
We examine this and other aspects of RAN2 LS below.
A] Initiating small data transfers
When the UE access stratum is in RRC_INACTIVE state and the lower layers are suspended, the UE NAS is in 5GMM-CONNECTED mode with RRC inactive indication. To initiate small data transmission, the UE AS may be configured for SDT. As such, the AS may have SDT DRBs and non-SDT DRBs. When uplink data arrives, it is transferred to AS and after SDAP processing in AS the data is classified as data for SDT-DRBs or non-SDT DRBs. If uplink data cannot be mapped to any established SDT DRBs, AS shall request NAS to initiate a Service Request procedure. The completion of Service Request procedure by SERVICE ACCEPT results in NAS transitioning to 5GMM-CONNECTED mode and the AS to RRC_CONNECTED. Given the requirement from RAN2 LS that,
g) When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED.  
some changes are required in AS-NAS interactions so that the AS remains in RRC_INACTIVE state and gives some kind of an indication or conformation to the NAS layer to remain in 5GMM-CONNECTED mode with RRC inactive indication for subsequent small data transfers. It should be noted that if new UL data arrives which is not mapped to any existing SDT DRBs, the AS would request NAS to initiate a new Service Request procedure.
Observation 1: AS requests NAS to perform a Service Request procedure if UL data arrives that is not mapped to any existing DRBs. The completion of the SR procedure through SERVICE_ACCEPT message results in transition of AS to RRC_CONNECTED and NAS to 5GMM-CONNECTED. To be able to satisfy RAN2 requirement of being able to transfer multiple UL and DL packets as part of same SDT procedure without transitioning to RRC_CONNECTED, some changes are required in NAS_AS interactions so that AS remains in RRC_INACTIVE and NAS in 5GMM-CONNECTED with RRC Inactive indication. 

B] Transfer of UL data belonging to both SDT and non-SDT DRBs
For handling UL data that belongs to both SDT and non-SDT radio bearers, RAN2 has indicated,
3) The UE behaviour for handling of non-SDT data arrival after sending the first UL data packet is fully specified (i.e. not left to UE implementation)
a) Non-SDT radio bearers are only resumed upon receiving RRCResume (same as today)
b) Switching from SDT to non-SDT is supported. UE receive indication from network to switch to non-SDT procedure. Network can send RRCResume to transit the UE to RRC_CONNECTED during an ongoing SDT session.
If UL data is pending for non-SDT DRBs another Service Request procedure would be required to establish non-SDT DRBs. However, if the gNB resumes from SDT to non-SDT then due to existing resume procedure AS transitions to RRC_CONNECTED and NAS receives an RRC indication and transitions to 5GMM-CONNECTED mode. This would be the termination of SDT transfer and no new NAS impacts are seen.
Observation 2: When handling UL data that belongs to both SDT and non-SDT DRBs, the AS transitions to RRC_CONNECTED state and passes this indication to NAS which transitions to 5GMM-CONNECTED mode. As such there are no further impacts to NAS, due to handling of both SDT and non-SDT DRBs.

RAN2 also has 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.

It should be noted that once small data transmission is initiated the UAC parameters (access category and access identity) for subsequent UL data for non-SDT radio bearers will be the same as those for UL data for SDT DRBs. However, when handling non-SDT data, AS needs to request a new Service Request procedure for which NAS may need to perform UAC. No new NAS impacts are seen herein.
Observation 3: Once SDT is initiated the UAC parameters (access category and access identity) for subsequent UL data for non-SDT radio bearers will be the same as those for UL data for SDT DRBs.

1. Conclusion
The following observations are noted for NAS-AS interactions due to small data transmission:

Observation 1: AS requests NAS to perform a Service Request procedure if UL data arrives that is not mapped to any existing DRBs. The completion of the SR procedure through SERVICE_ACCEPT message results in transition of AS to RRC_CONNECTED and NAS to 5GMM-CONNECTED. To be able to satisfy RAN2 requirement of being able to transfer multiple UL and DL packets as part of same SDT procedure without transitioning to RRC_CONNECTED, some changes are required in NAS-AS interactions so that AS remains in RRC_INACTIVE and NAS in 5GMM-CONNECTED with RRC Inactive indication. 
Observation 2: When handling UL data that belongs to both SDT and non-SDT DRBs, the AS transitions to RRC_CONNECTED state and passes this indication to NAS which transitions to 5GMM-CONNECTED mode. As such there are no further impacts to NAS, due to handling of both SDT and non-SDT DRBs.
Observation 3: Once SDT is initiated the UAC parameters (access category and access identity) for subsequent UL data for non-SDT radio bearers will be the same as those for UL data for SDT DRBs.

An LS response based on above is drafted in C1-213275.
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