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1. Introduction

CT1 has received an LS from RAN2 on small data transmission (C1-212849/R2-2104644) to provide feedback on the RAN2 agreed points and provide a response to the question related to the NAS handling.
This paper attempts to analyse the possible NAS impact of RAN2 agreed points and finally propose the feedback in the reply LS.

2. Discussion
2.1 What is small data transmission (SDT)
As indicated in RAN2 LS, RAN2 is working on small data transmission in RRC_INACTIVE where multiple UL and DL packets can be exchanged between the network and the UE without UE transitioning to RRC_CONNECTED with WID NR_SmallData_INACTIVE (RP-210870).
Some key information in RAN2 WID and RAN2 LS is useful to understanding the SDT mechanism:
· In RAN2 WID NR_SmallData_INACTIVE (RP-210870):

· "UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):

· General procedure to enable transmission of small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]

……

· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid

· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]"
"No new RRC state should be introduced in this WID. Transmission of smalldata in UL, subsequent transmission of smalldata in UL and DL and the state transition decisions should be under network control.

……

Specify configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state by reusing the framework for DRBs. "
· In RAN2 LS about RAN2 agreed points (C1-212849/R2-2104644):

"e) Small data transmission is configured by the network on a per DRB basis.

f) RAN2 design assumes that RRCRelease message is sent at the end to terminate the SDT procedure from RRC point of view. 

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. "
Based on above key information provided in RAN2 WID and LS, we could have following observations:

Observation #1. The UL/DL SDT is only performed in RRC_INACTIVE state without UE transitioning to RRC_CONNECTED.

Observation #2. The SDT is triggered by the first UL small data from the UE in RRC_INACTIVE state, i.e. the SDT cannot be triggered by the first DL small data from the network.

Observation #3. After SDT is triggered by the first UL small data from the UE in RRC_INACTIVE state, it is possible to send multiple UL and DL packets as part of the same SDT mechanism.

Observation #4. The SDT is started with RRC resume request message sent from the UE in RRC_INACTIVE state, and terminated with RRC release message sent to the UE in RRC_INACTIVE state.

Observation #5. The UL/DL small data are transported over DRB resources as legacy user plane data transport with excpetion that the first UL small data can be carried together with RRC resume request message in the same MAC PDU.
Observation #6. As the UE in RRC_INACTIVE state is in 5GMM-CONNECTED mode at the 5G core network, the SDT is transparent to the 5G core network.

Based on above observations, the end-to-end SDT mechanmism in RRC_INACTIVE state can be shown in below figure. Note that this figure is not a normative figure from any RAN2 specifications but is just provided based on our understanding of SDT work in RAN2 for CT1 discussion:
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Figure 1. SDT in RRC inactive state.
Note that after gNB determines that the current SDT procedure is completed, then in step 5, gNB can either send an RRC release with suspend configuration to the UE in order to keep the UE still in the RRC_INACTIVE state, or send an RRC release without suspend configuration to the UE in order to move the UE to the RRC_IDLE state.
2.2 NAS impact analysis
As RAN2 provided a list of agreed points on SDT, for easy analysis on possible NAS impact, it proposes to directly provide the analysis under per RAN agreed points. Hence, the whole RAN2 agreed points and question in the LS are copied as blow with italic text and NAS impact analysis/CT1 anwser are proivded starting with [NAS impact analysis]/[CT1 answer] and blue text:

RAN2 agreed to the following points and would like to ask CT1 to inform RAN2 of any feedback:

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)
[NAS impact analysis] If SDT is transparent to NAS layer, then the UE NAS handles the pending uplink user plane data in the RRC_INACTIVE state as legacy.
2) Small data transmission (SDT) with RRC message is supported as baseline.

a) For small data when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): SRBs and DRBs are suspended except SRB0.
[NAS impact analysis] No NAS impact on both the UE and the 5G core network.
b) Upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT RBs that are configured for small data transmission (along with the SRB1).

[NAS impact analysis] No NAS impact on both the UE and the 5G core network.

c) The first UL SDT message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message): CCCH message (needs to be included); data from one or more RBs which are configured by the network for small data transmission.

[NAS impact analysis] No NAS impact on both the UE and the 5G core network.
d) Support configuring of SRB1 and SRB2 for small data transmission for carrying RRC and NAS messages.

[NAS impact analysis] No NAS impact on both the UE and the 5G core network.
e) Small data transmission is configured by the network on a per DRB basis.

[NAS impact analysis] No NAS impact on both the UE and the 5G core network.
f) RAN2 design assumes that RRCRelease message is sent at the end to terminate the SDT procedure from RRC point of view. 

[NAS impact analysis] No NAS impact on both the UE and the 5G core network. Upon receipt of RRCRelease message after the SDT procedure, the UE AS will either provide RRC suspend indication to the UE NAS or RRC release indication to the NAS. Then the UE NAS will either still stay in 5GMM-CONNECTED mode with RRC inactive indication or enter 5GMM-IDLE mode but all these are existing UE NAS-AS interaction without introducing any new handling.
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.  
[NAS impact analysis] No NAS impact on both the UE and the 5G core network. Currently after sending RRC resume indication to the UE AS, there is no guard timer at the UE NAS. The UE NAS just replies on the UE AS indicaiton for the sebsequent state handling. Hence, for multiple UL and DL packets SDT, the UE NAS could work well.
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)
[NAS impact analysis] No NAS impact on both the UE and the 5G core network.
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.
[NAS impact analysis] No NAS impact on both the UE and the 5G core network.
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.
[CT1 answer] Yes, whenever the UE is in the RRC inactive state, for all pending uplink user data packet and all NAS message (except 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 NAS will request the UE AS to resume the RRC connection to transition into RRC_CONNECTED staste and provide access category, access identities and the RRC establishment cause (i.e. resume cause used in RAN2) to the UE AS, i.e. handle these as legacy.
The above answer can be justified by follow CT1 text in TS 24.501:
In TS 24.501 subclause 5.3.1.4:
"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.
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])."
In TS 24.501 subclause 4.5.4.2:
"4.5.4.2
Access control and checking in 5GMM-CONNECTED mode and in 5GMM-CONNECTED mode with RRC inactive indication
When the UE is in 5GMM-CONNECTED mode or 5GMM-CONNECTED mode with RRC inactive indication, upon detecting one of events 1) through 8) listed in subclause 4.5.1, the NAS shall categorize the corresponding access attempt into access identities and an access category following:

a)
subclause 4.5.2, table 4.5.2.1 and table 4.5.2.2, and subclause 4.5.2.3, if the UE is not operating in SNPN access mode; or
b)
subclause 4.5.2A, table 4.5.2A.1 and table 4.5.2A.2, and subclause 4.5.3, if the UE is operating in SNPN access mode,
and provide the access identities and the access category to the lower layers for the purpose of access control checking. In this request to the lower layer the NAS can also provide to the lower layer the RRC establishment cause determined as specified in subclause 4.5.6 of this specification."
3 Conclusion
Based on the understanding of small data transmission (SDT) undertaken by RAN2, this paper has analysed the possible NAS impacts of RAN2 agreed points indicated in the RAN2 LS and provided the answer for a question indicated in the RAN2 LS.
Based on NAS impact analysis in section 2.2 and the answer for RAN2 question, we could conclude as below:

Conclusion: The small data transmission mechanism in RRC_INACTIVE worked by RAN2 in WID NR_SmallData_INACTIVE (RP-210870) currently has no any NAS impact on both the UE and the 5G core network.

It proposes to send a reply RAN2 LS based on above conclusion. The draft reply CT1 LS can be found in C1-213397.
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