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According to the discussion [18] on the SDT (Small Data Transmission) WI in the RAN2#111-e meeting, RAN2 discussed the SDT procedure with/without RRC signalling, and made the following agreements:
1 	Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  
2	RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority
According to the SDT discussion in the RAN2#112e and RAN2#113e meetings [19][20], RAN2 agreed to introduce the configured grant for the inactive data transmission, which is applicable to the same serving cell as the connected UE. In this contribution, we provide our understandings on the use cases and the procedures for the RRC-less SDT. 
Discussion
Issue 1: What UE ID(s) is sent along with the UL data?
For the inactive data transmission, the UL data needs to be sent along with an UE ID, so as to enable the gNB to identify the UE context. For the RRC SDT, the UE ID is contained in the CCCH message. Then the RRC-less SDT would need other way(s) to carry the UE ID. The candidate options are listed as follows:
· Option 1: I-RNTI (e.g. via MAC CE) [4][5]
· Option 2: resume MAC-I (e.g. via MAC CE) [1][5][16]
· Option 3: MAC-I (e.g. via the MAC-I of DRB’s PDCP PDU) [4]
· Option 4: implicit via dedicated CG resource [2][3][4]
In order to identify the UE context, the UE_ID cannot be cyphered. Then Option 3 with encrypted UE_ID (i.e. MAC-I) would require an extra UE_ID (e.g. I-RNTI) for the gNB to identify the UE context. On the other hand, the MAC-I or the resume MAC-I is more secure for the authentication of the UE, and could be required when the gNB requires more secure transmission of the data transmission. As recommended by SA3 [21], even in the same cell case, “data integrity protection using stored PDCP security context recommended, UE and network verification needed using stored PDCP security context. Not using any security protection is not acceptable from security point of view”. However, we consider that the extra UE_ID (e.g. I-RNTI) would only be needed for RACH-based SDT solution as no UE-dedicated resource for the RACH solution is allocated for Msg3/MsgA. If RAN2 agrees to use the CG for the RRC-less SDT assuming no shared/ contention-based CG resource is used, there is no need to introduce extra MAC CE to carry the UE_ID. If the gNB wants to have a more secure data transmission, the gNB by implementation can choose to enable the DRB integrity protection function by adding the MAC-I at the end of the PDCP PDU. Thus, we consider that the extra UE_ID in MAC is not needed for the CG SDT solution. To facilitate the gNB implementation on whether the DRB integrity check is required for the UE authentication, we consider that RAN2 can ask SA3 whether the MACI/resumeMAC-I is required for the RRC-less SDT with UE-dedicated CG resource.
Proposal 1.a: The UE can be identified implicitly via the dedicated CG resource for the RRC-less SDT.
Proposal 1.b: RAN2 is kindly requested to send an LS to SA3 to ask whether the MAC-I/ resumeMAC-I is required for the RRC-less SDT with UE dedicated CG resource.

Issue 2: How is the PDCP/RLC status maintained?
For the RRC-based SDT, as the UE could change its serving DU/CU during mobility, then it is difficult to align the PDCP/RLC status (e.g. transmission/reception window state variable) between the UE and the network. One simple way for the RRC-based SDT would be to reset the PDCP/RLC status at each UL packet transmission or at the change of the camping cell. However according to the above Proposal 2, the RRC-less SDT without supporting mobility could be only applicable to a single cell. Then it is possible to maintain the PDCP/RLC status during the UL data transmission. 
· Option 1: PDCP/RLC status resets at each packet transmission.
· Option 2: PDCP/RLC status can be maintained. [1][3][6][12]
According to [1][3], the PDCP/RLC status (i.e. state variables) can be maintained when the security context is not changed and when the CU or DU used for the reception of the UL data is also not change. From our understanding, maintaining the state variables of the PDCP/RLC would be the same as the CONNECTED UE behaviour, and can bring the benefits of supporting the transmission of burst packets (i.e. more than one PDCP SDUs) and the L2 retransmission. Option 1 would reset the PDCP COUNT and require the update of the security key for each packet transmission, which would require extra standard efforts on the key fresh.
Proposal 2: The state variables of PDCP/RLC are kept for the RRC-less SDT.

Issue 3: What ACK information is provided by the gNB?
According to the RRC-based SDT, when the UE sends the RRCResumeRquest message during the RRC connection resume procedure, the UE would expect an RRC feedback (e.g. RRCResume, RRCSetup, RRCRelease, or RRCReject message) from the network. For the RACH-based SDT, the UE would also receive the network confirmation of the MsgB/Msg4. As no CCCH message is sent via the RRC-less solution, RAN2 would also need to discuss how the network sends the confirmation for the UL data transmitted in Step 1. The candidate options are listed as follows:
· Option 1: L1 ACK (e.g. DCI) [3][4]
· Option 2: MAC ACK (e.g. MAC CE) [2][4]
According to the LTE PUR solution [22], the L1 ACK is supported for the confirmation of the UL data transmission. According to the Rel-16 NR-U discussion, the DFI is introduced to provide the ACK feedback for the uplink HARQ. To save the RAN1 specification effort, we consider that the Rel-16 L1 DFI (i.e. Downlink Feedback Information in DCI format 0_1) can be reused for the confirmation of the UL data transmission. As the RAN2 email discussion on the CG-SDT also includes the DL ACK from the gNB, we consider that the DL ACK for the CG-SDT can be reused for the RRC-less solution to confirm the reception of the UL data transmission and to terminate the RRC-less SDT.
Proposal 3: The DL ACK of CG-SDT is reused for the confirmation of the UL data transmission and the termination of the RRC-less SDT.

Issue 4: Can the security context in the CONNECTED be maintained/reused during RRC-less SDT?
The tdocs [1][2][3][4] consider that the UE does not need to update its security context (e.g. via NCC) if the RRC-less SDT is only applicable for the same cell where the UE context is stored, given that the PDCP COUNT increases as RRC_CONNECTED while the UL PDCP PDU is transmitted with the maintained PDCP state variables. If the gNB wants to update the security context of the UE (e.g. before the PDCP COUNT warp around), the gNB by implementation can send an RRCRelease message with a new NCC [2]. From our understanding, maintaining the security context would reduce more signalling overhead for updating the security key (e.g. sending the new NCC), and no security issue is foreseen when the RRC-less solution keeps the PDCP state variables during the UL data transmission. If companies have strong concerns on reusing the same security key for each UL packet transmission in the same cell, RAN2 can consult SA3 on the security aspect of reusing the same security context.
Proposal 4: The security context in the CONNECTED can be reused when the PDCP state variables are maintained for the RRC-less SDT.

Issue 5: Is the resume case required in the UL data transmission?
The tdoc [4] considers that the resume cause should also be sent along with the UL data for the RRC-less SDT. According to [9][17], because the RRC-less solution would be only applicable for the same cell where the UE context is stored, the gNB knows which service the UE is requesting for the UL data transmission via the LCID of the MAC subheader after the reception of the UL data in the MAC PDU. Then the resume cause value is not needed for the gNB to determine the reason of resuming a connection.
Proposal 5: The resume cause for the RRC-less SDT is not sent along with the UL data.

Issue 6: Selection/configuration between RRC-less SDT and RRC-based SDT
According to [11], the RRC layer would be responsible for the selection between RRC-less SDT and RRC-based SDT, and the UE should prioritize the RRC-less SDT over the RRC-based SDT. From our understanding, the RRC-less SDT should be configurable via the RRCRelease message. Once the RRC-less SDT is configured (e.g. for the CG-SDT), the UE selecting the CG-SDT only applies the RRC-less procedure (i.e. without creating the CCCH message). No extra prioritization behaviours between RRC-less SDT and RRC-based SDT needs to be specified in the specification.
Proposal 6: When the RRC-less SDT is configured, the UE only applies the RRC-less procedure (i.e. no extra prioritization behaviour defined between RRC-less SDT and RRC-based SDT) once the CG-SDT is selected.

Issue 7: Which procedures are common for both RRC-based and RRC-less SDT?
In general, we consider that the RRC-less SDT would still require the NR RRC specification to define the UE procedures of suspending/resuming the DRB for the RRC-less SDT. Then the RRC procedures for suspending/resuming the DRB for SDT should be common for both the RRC-based SDT and the RRC-less SDT. According to the discussions in the RAN2 so far, RAN2 made lots of agreements for the SDT procedure, which should be also applicable to the RRC-less SDT. Then RAN2 does not need to reconfirm the agreement(s) (e.g. UAC, handling of SDT/non-SDT DRB/SRB1/SRB2) made for the general SDT procedures, as those are common for both the RRC-less SDT and the RRC-based SDT. [16] considers that the RRC-less SDT may not need to receive the DL RRC message at all. Then the UE is not required to resume SRB1 during the RRC-less SDT. However in order to allow the network to resume the UE’s RRC connection via the RRC-less SDT or to update the UE’s security key (e.g. via the RRCRelease message), the UE should resume its SRB1 as the RRC-based procedure.
Proposal 7: The RAN2 agreements (e.g. UAC, suspension/resumption of SDT/non-SDT DRB/SRB1/SRB2) which are applicable not only for the RRC-based SDT are reused for the RRC-less SDT.

Conclusions
Based on the analysis given above, we have the following Proposals to facilitate the discussion and provide more details for the RRC-less SDT. 
Proposal 1.a: The UE can be identified implicitly via the dedicated CG resource for the RRC-less SDT.
Proposal 1.b: RAN2 is kindly requested to send an LS to SA3 to ask whether the MAC-I/ resumeMAC-I is required for the RRC-less SDT with UE dedicated CG resource.
Proposal 2: The state variables of PDCP/RLC are kept for the RRC-less SDT.
Proposal 3: The DL ACK of CG-SDT is reused for the confirmation of the UL data transmission and the termination of the RRC-less SDT.
Proposal 4: The security context in the CONNECTED can be reused when the PDCP state variables are maintained for the RRC-less SDT.
Proposal 5: The resume cause for the RRC-less SDT is not sent along with the UL data.
Proposal 6: When the RRC-less SDT is configured, the UE only applies the RRC-less procedure (i.e. no extra prioritization behaviour defined between RRC-less SDT and RRC-based SDT) once the CG-SDT is selected.
Proposal 7: The RAN2 agreements (e.g. UAC, suspension/resumption of SDT/non-SDT DRB/SRB1/SRB2) which are applicable not only for the RRC-based SDT are reused for the RRC-less SDT.
[bookmark: _Toc502437832]Reference
[1] R2-2007448	Selection between RRC-based and RRC-less solutions for IDT	ZTE Corporation, Sanechips, CSPG	discussion	Rel-17 
[2] R2-2006713	SDT mechanism on RRC/non-RRC based approaches and RACH requirements	Intel Corporation	discussion	Rel-17	NR_SmallData_INACTIVE-Core
[3] R2-2006829	Requirements and Solutions for INACTIVE Small Data Transmission	MediaTek Inc.	discussion
[4] R2-2006992	General procedure analysis for Small Data Transmissions	CATT	discussion	Rel-17	NR_SmallData_INACTIVE-Core
[5] R2-2008015	Considerations on UL small data transmission	LG Electronics	discussion	NR_SmallData_INACTIVE-Core
[6] R2-2009055	RRC-less SDT over CG  	MediaTek Inc., Apple	discussion
[7] R2-2009190	Control plane aspects of SDT	ZTE Corporation, Sanechips	discussion
[8] R2-2009875	Consideration on RRC-less SDT and subsequent data transmission	Lenovo, Motorola Mobility	discussion	Rel-17
[9] R2-2009978	Support of RRC-less SDT	NEC Telecom MODUS Ltd.	discussion
[10] R2-2009930	SDT aspects common for RACH-based and CG-based SDT scheme	Huawei, HiSilicon	discussion	Rel-17	NR_SmallData_INACTIVE-Core
[11] R2-2100139	Discussion on User Plane Aspect of Small Data Transmission	 vivo	discussion	Rel-17	NR_SmallData_INACTIVE-Core
[12] R2-2101151	RRC-less SDT over CG  	MediaTek Inc.	discussion
[13] R2-2101112	Consideration on CP issues for small data transmission	Lenovo, Motorola Mobility	discussion	Rel-17
[14] R2-2101184	Control plane common aspects for SDT	Huawei, HiSilicon	discussion	Rel-17	NR_SmallData_INACTIVE-Core
[15] R2-2101161	Control plane common aspects of SDT	ZTE Corporation, Sanechips	discussion
[16] R2-2100140	Duscussion on RRC-Controlled Small Data Transmission	vivo	discussion	Rel-17	NR_SmallData_INACTIVE-Core
[17] R2-2101407	RRC-less SDT	NEC Telecom MODUS Ltd.	Discussion
[18] RAN2#111-e meeting, Chair’s minutes.
[19] RAN2#112e meeting minutes.
[20] RAN2#113e meeting minutes.
[bookmark: _Ref45871676][21] R2-1702207, Reply LS on R2-1700656 on RRC INACTIVE, SA3, RAN2#97
[22] 3GPP TS 36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification”.

