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1 Introduction
According to WID [1], the objective of the work item is to enable uplink small data transmission in RRC_INACTIVE state. For random access based small data transmission, small data can be transmitted using 4 step random access (RA) procedure or 2 step RA procedure.

In this contribution we discuss the basic signaling flow for RA based small data transmission in uplink.
2 Discussion
In case of 4 step RA procedure, UE transmits random access preamble and receives RAR including UL grant for Msg3 transmission. In case of 2 step RA procedure, UE transmits random access preambles and MsgA payload. In one approach, uplink data can be transmitted in Msg3/MsgA. In another approach, uplink data size is indicated in Msg3/MsgA and uplink data is transmitted using dedicated UL grant immediately upon completion of RA procedure. These approaches are discussed in section 2.1 and section 2.2 respectively.
2.1 Approach 1 - Signaling flow
In case of 4 step RA procedure, uplink data is transmitted in Msg3. In case of 2 step RA procedure, uplink data is transmitted in MsgA. The question is whether it is sufficient to transmit only uplink data in Msg3/MsgA. gNB receiving Msg3/MsgA needs to identify the UE, identify the last serving gNB (if the gNB to which UE is transmitting UL data is different from the GNB where UE has last received RRCRelease with suspend configuration) to retrieve the UE’s context and authenticate the UE. Inorder to do so, additional information (such as those listed below) also need to be transmitted along with uplink data in Msg3/MsgA:
·  Resume Identity (short or full I-RNTI) to identity the UE's context and last serving gNB (if the gNB to which UE is transmitting UL data is different from the GNB where UE has last received RRCRelease with suspend configuration).

· Authentication token (i.e. resumeMAC-I) to authenticate UE.

Observation 1: Resume Identity and Authentication token needs to be transmitted along with uplink data in Msg3/MsgA.

In the current specification [2], the Resume Identity and resumeMAC-I is included in RRCResumeRequest/RRCResumeRequest1 messages. Instead of defining new mechanism to carry Resume Identity and resumeMAC-I, RRCResumeRequest/RRCResumeRequest1 message can be transmitted along with uplink data in Msg3/MsgA. This is a simple approach and reduces specification effort.
For small data transmission, the intention is that upon completion of small data transmission, UE continues to remain in RRC_INACTIVE. If the amount of data that is available with UE is larger than what can be transmitted in MsgA/Msg3, the understanding is that UE initiates the normal connection resume procedure i.e. it does not transmit uplink data in Msg3/MsgA. So additional information such as buffer size, etc. seems not required to be transmitted in Msg3/MsgA along with uplink data. 

Observation 2: Buffer size is not required to be transmitted along with uplink data in Msg3/MsgA.
2.1.1 Signaling flow without context fetch

Figure 1 and Figure 2 shows the signaling flow for small data transmission using 4 step RA and 2 step RA respectively. In this case it is assumed that the gNB to which UE is transmitting Msg3/MsgA has the UE's context.
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Figure 1 Msg3 based small data transmission (without context fetch)
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Figure 2 MsgA based small data transmission (without context fetch)
1. Criteria to initiate 4 step RA/2 step RA for small data transmission is met. In case of 4 step RA, UE transmits random access preamble and receives RAR including UL grant for Msg3 transmission. In case of 2 step RA, UE transmits random access preamble and MsgA payload. MsgA payload is transmitted in one of PUSCH occasion using configured PUSCH resources

2. In Msg3/MsgA, UE sends RRCResumeRequest/RRCResumeRequest1 to the gNB (same as the last serving GNB) on SRB 0. It includes full/short I-RNTI (resumeIdentity), the resume cause (resumeCause), and an authentication token (resumeMAC-I). The I-RNTI (short or full I-RNTI) is received from the last serving gNB in the RRCRelease with suspendConfig message. In Msg3/MsgA, the uplink data is transmitted on DTCH multiplexed with the RRCResumeRequest/RRCResumeRequest1 message on CCCH. 
3. Upon receiving the RRCResumeRequest/RRCResumeRequest1 and uplink data, gNB validates the resumeMAC-I and delivers the uplink data to UPF.
4. Inorder to complete the small data transmission procedure, gNB sends RRCRelease message to keep the UE in RRC_INACTIVE state in Msg4/MsgB. 
2.1.2 Signaling flow with context fetch

Figure 3 and Figure 4 shows the signaling flow for small data transmission using 4 step RA and 2 step RA respectively. In this case it is assumed the gNB does not have the UE's context and fetches the same from last serving gNB. Path switch is performed and context is released from last serving gNB.
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Figure 3 Msg3 based small data transmission (with context fetch)
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Figure 4 MsgA based small data transmission (with context fetch)

1. Same as in section 2.3
2. Same as in section 2.3
3. Upon receiving the RRCResumeRequest/RRCResumeRequest1 and uplink data, gNB (i.e. target GNB) identifies the GNB identity of last serving gNB (i.e. source gNB) from I-RNTI and requests it to provide the UE's context data by sending a Retrieve UE Context Request message with the following included: I-RNTI, the ResumeMAC-I and target Cell-ID, in order to allow the source gNB to validate the UE request and to retrieve the UE context.

4. The last serving gNB (i.e. source gNB) validates the resumeMAC-I and provides the UE context data. The source gNB retrieves the stored UE context including the UE 5G AS security context from its database using the I-RNTI. The source gNB verifies the ResumeMAC-I using the current KRRCint key stored in the retrieved UE 5G AS security context. If the verification of the ResumeMAC-I is successful, then the source gNB calculates new KNG-RAN* using the target cell PCI, target ARFCN-DL and the KgNB/NH in the current UE 5G AS security context based on either a horizontal key derivation or a vertical key derivation. The source gNB can obtain the target PCI and target ARFCN-DL from a cell configuration database by means of the target Cell-ID which was received from the target gNB. Then the source gNB responds with an Xn-AP Retrieve UE Context Response message to the target gNB including the UE context that contains the UE 5G AS security context. The UE 5G AS security context sent to the target gNB shall include the newly derived KNG-RAN*, the NCC associated to the KNG-RAN*, the UE 5G security capabilities, UP security policy, the UP security activation status with the corresponding PDU session ID(s), and the ciphering and integrity algorithms used by the UE with the source cell. 

5. If loss of DL user data buffered in the last serving gNB shall be prevented, the gNB provides forwarding addresses.

6. The gNB performs path switch.

7. The gNB triggers the release of the UE resources at the last serving gNB.

8. gNB delivers the uplink data to UPF.
9. Inorder to complete the small data transmission procedure, gNB sends RRCRelease message to keep the UE in RRC_INACTIVE state in Msg4/MsgB. 
2.2 Approach 2 - Signaling flow
In case of 4 step RA procedure, UE transmits random access preamble and receives RAR including UL grant for Msg3 transmission. 

· ResumeIdentity, Resume MAC-I and Uplink data size is transmitted in Msg3. 
· Uplink data is not transmitted in Msg3

In case of 2 step RA procedure, 
· ResumeIdentity, Resume MAC-I and Uplink data size is transmitted in MsgA. 

· Uplink data is not transmitted in MsgA.

Figure 5/6 shows the signaling flow for 2 step RA based small data transmission using this approach. 
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Figure 5
Upon receiving the ResumeIdentity, Resume MAC-I and Uplink data size for small data transmission, gNB validates the resumeMAC-I if it has the UE’s context. Otherwise, gNB fetches UE’s context from last serving gNB. resumeMAC-I is validated by UE’s last serving gNB. RRCResumeRequest/RRCResumeRequest1 can be used to transmit ResumeIdentity, Resume MAC-I and Uplink data size.
Based on information related to UL data size in MsgA, gNB can identify that RACH is for small data transmission. So instead of sending resume it sends only UL grant for small data transmission immediately after completion of RA procedure. gNB sends the UL grant according to small data size indicated by UE. UE transmits the UL data in UL grant. Upon receiving the UL grant, gNB delivers the uplink data to UPF. 
To complete the small data transmission procedure, gNB sends RRCRelease message to keep the UE in RRC_INACTIVE state.
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Figure 6
In case of approach 1, separate RACH configuration for SDT is needed as Msg3/MsgA size for small data transmission is larger than those needed for RA without SDT. However, separate RACH configuration for small data transmission is not needed in approach 2. In approach 2, there is no additional overhead of PUSCH resources and preambles for small data transmission in case of 2 step RA. Additionally, in approach 2 PUSCH resources for uplink data is contention free and UL coverage (size of message carrying UL data is smaller) is better. However, approach 2 has more number of message transactions compared to approach 1 (assuming there is no contention).
Proposal: Discuss and agree on one of the following signaling flows for RA based small data transmission:

Option 1: Uplink data is transmitted in Msg3/MsgA

· RRCResumeRequest/RRCResumeRequest1 is transmitted together with uplink data in Msg3/MsgA
· In response, gNB sends contention resolution identity/SuccessRAR. gNB also sends RRCRelease message to keep the UE in RRC_INACTIVE state.
Option 2: Uplink data is not transmitted in Msg3/MsgA. Msg3/MsgA indicates UL data size. Uplink data is transmitted using dedicated UL grant immediately upon completion of RA procedure.

· ResumeIdentity, Resume MAC-I and Uplink data size is transmitted in Msg3/MsgA
· In response, gNB sends contention resolution identity/SuccessRAR. 
· GNB sends UL grant for data transmission followed by RRCRelease message to keep the UE in RRC_INACTIVE state
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal: Discuss and agree on one of the following signaling flows for RA based small data transmission:

Option 1: Uplink data is transmitted in Msg3/MsgA

· RRCResumeRequest/RRCResumeRequest1 is transmitted together with uplink data in Msg3/MsgA
· In response, gNB sends contention resolution identity/SuccessRAR. gNB also sends RRCRelease message to keep the UE in RRC_INACTIVE state.
Option 2: Uplink data is not transmitted in Msg3/MsgA. Msg3/MsgA indicates UL data size. Uplink data is transmitted using dedicated UL grant immediately upon completion of RA procedure.

· ResumeIdentity, Resume MAC-I and Uplink data size is transmitted in Msg3/MsgA
· In response, gNB sends contention resolution identity/SuccessRAR. 
· GNB sends UL grant for data transmission followed by RRCRelease message to keep the UE in RRC_INACTIVE state
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