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Introduction
During RAN2 #111-e Meeting, both RRC-based and RRC-less approaches for SDT were discussed. RRC-based approach is considered as baseline for SDT since it is generic and applicable for different scenarios. However, many companies thought RRC-less approach is beneficial for certain particular scenarios, which can be further studied. 
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 
In RAN2#112-e meeting, the details of RRC-based solution were discussed and following agreements were made:
	Agreements:
1   For small data, for RACH and CG based solutions when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): 
-	MAC is reset and default MAC cell group configuration is released 
-	RLC entities for SRB1 are re-established 
-	SRBs and DRBs are suspended except SRB0
NOTE: SDT termination will be discussed with later papers
2	For both RACH and CG based solutions, 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 DRBs that are configured for small data transmission (along with the SRB1). FFS for non-SDT DRBs. FFS on implicit vs. explicit.  FFS on whether we a new Resume cause.  FFS on whether we need to deal with suppressing PDCP status report 
3  	The first UL 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)
LCP can be used to determine to priority of the content below that may be included
-	DRB data from one or more DRBs which are configured by the network for small data transmission 
-	MAC CEs – (e.g. BSR).  FFS other MAC CEs 
-	Padding bits
	FFS if we need to ensure that SDT data only is included.  Depends on whether the UE initiates legacy/normal resume 
4	For RACH and CG, the existing UAC procedure to determine whether access attempt is allowed, will be reused for SDT.
5	SDT is transparent to NAS layer (i.e. NAS generates one of the existing resume causes and AS decides SDT vs non-SDT access)
6 	In case of RRC-based solution, for both RACH and CG based solutions, the CCCH message contains ResumeMAC-I generated using the stored security key for RRC integrity protection – i.e same as Rel-16.
7    For both RACH and CG based solutions, new keys are generated using the stored security context and the NCC value received in the previous RRCRelease message (i.e. same as legacy procedure) and these new keys are used for generating the data of DRBs that are configured for SDT.
8	For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. 
9	Determine if RAN1 LS is needed later – current list of possible questions input on the coreset/search space for the C-RNTI (i.e. is it common or dedicated)
10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
11:	If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT


In this contribution, we first clarify the basic procedure for RRC-less SDT, and then we justify it in certain application scenarios. Finally, we propose to have common RRC procedures for RRC-based and RRC-less SDT.  
RRC-less SDT 
RRC-less SDT means that the UE can transmit UL data directly without any RRC signalling in INACTIVE state, just as illustrated in Figure 1. 
1. The UE transmits UL data directly to gNB without RRC signalling. 
· The UE should be identified by gNB for the purpose of UE context identification, scheduling and UL/DL data transfer. 
· A UE ID may need to be transmitted together with the UL data if the UL resources are shared by multiple UEs. 
2. The UE receives an acknowledgement (i.e. L1/L2 ACK) as the response for the UL data transmission. 


Figure 1 RRC-less scheme
Observation 1: RRC-less SDT is characterized by the direct UL data transmission without RRC signalling.  
In order to initiate SDT, UE should have the valid radio resource configuration and security configuration beforehand. If UE moves to another security domain or requires radio resource reconfiguration, the radio resource configuration and security configuration should be updated by RRC resume/reconfiguration. If UE always resumes in the coverage of the same cell, the security key doesn’t need to be updated and RRC signalling can be avoided. Therefore, RRC-based SDT can support UEs in mobility, while RRC-less SDT is suitable for UEs in limited mobility status, e.g. stationary to minimize the RRC signalling. 
Observation 2: RRC-less SDT requires UE in limited mobility status to minimize the RRC signalling. 
Although L1/L2 ACK can be used as the response for the UL data transmission, it is not necessarily mean that DL RRC message is not allowed. The DL RRC message for reconfiguration is seldom needed, but it can be transmitted for certain purpose when necessary. 
Observation 3: DL RRC message is seldom needed for RRC-less SDT, but is allowed when necessary. 
Motivations for RRC-less SDT
According to the WID, one design target of SDT in INACTIVE is signalling optimization:
· support efficient signalling mechanisms (e.g. signalling is less than payload);
· reduce signalling overhead in general;
Considering sensors and smart meters are important use cases for non-smartphone applications, it is worthwhile to further enhance the performance for those types of stationary UEs in terms of signaling overhead, latency and power consumption. 
The detailed procedures/signalling for RRC-based and RRC-less SDT are illustrated in Figure 2. In order to simplify the comparison, the figure doesn’t differentiate RA-based and CG-based scheme and doesn’t take subsequent data transmission/reception into account. 
For RRC-based SDT, a UL grant is provided first and UL data is transmitted together with the RRCResumeRequest message. The UL grant can be pre-configured or be provided during RA procedure e.g. in Msg2.  Since the UL transmission is subject to HARQ process, the DL HARQ feedback is required. If the UL data transmission requires ARQ retransmission, RLC ACK/NACK as well as the DL assignment for it will be transmitted in DL.  When SDT in INACTIVE state is completed, the RRCRelease message responds the RRCResumeRequest message, which suspends the data transmission and sends UE to INACTIVE again. HARQ retransmission is performed for the RRCRelease message, which requires L1 signaling i.e. DCI for DL scheduling and UL HARQ feedback. The RRCRelease message is also subject to ARQ retransmission. So UL grant is needed to assign the UL resources for the RLC ACK/NACK. 
For RRC-less SDT, both the RRCResumeRequest and RRCRelease messages are skipped. The benefit to skip the RRCResumeRequest is marginal, assuming that the same information is required for UE Identification. Only the PDCP sub-header and RLC sub-header for the RRCResumeRequest message can be saved. The benefit mainly comes from skipping of the RRCRelease message. The RRCRelease message with SuspendConfig has a minimum size of 18bytes and the RLC ACK for it has a minimum size of 4 bytes. The signaling overhead will be larger if more information is carried. Furthermore, the RRCRelease message transmission is accompanied with multiple transmission of L1 signalling for purpose of scheduling and HARQ feedback. Taking the application of smart meter as example, the typical data payload is less than 100 bytes. Signaling overhead reduction by tens of bytes per UE is beneficial for system capacity especially for the massive MTC networks. 
Furthermore, UE would benefit in latency and UE power consumption due to skip of the RRCRelease message. By reducing the steps, the UE can save cycles in PDCCH monitoring and signalling reception/transmission. 
Observation 4: RRC-less SDT can further reduce the signalling overhead, latency and UE power consumption compared with RRC-based SDT. 
The WID supports the transmission of UL data on pre-configured PUSCH resources. According to the email discussion, majority of the companies think that the configured grant type1 is dedicated PUSCH resources from UE aspect, which are only valid when UE stays in the same cell and has valid TA. Therefore, the application scenario for CG-based scheme and RRC-less SDT coincide, i.e. UE is in limited mobility status and resumes in the same cell. In this case, if UE can perform CG-based SDT without RRC signaling. Therefore, CG-based transmission combined with RRC-less SDT can achieve the optimum performance. 
Observation 5: The application scenario for CG-based transmission and RRC-less SDT is exactly the same, i.e. UE resumes in the same cell. 
Observation 6: Combination of CG-based transmission and RRC-less SDT can achieve the optimum performance in terms of signalling overhead, latency and UE power consumption for UEs with limited mobility status. 
Proposal 1: Support RRC-less SDT over CG for UE in limited mobility status and resumes in the same serving cell. 


Figure 2 RRC-based vs. RRC-less SDT
During RAN2 #111-e Meeting, it was agreed that small data transmission with RRC message is supported as baseline for RA-based and CG based schemes. RRC-based scheme through RA procedure should be the baseline to support UEs in different mobility status. However, RRC-less SDT can achieve the optimum performance for the application scenarios targeted by CG-based transmission.  The need to support RRC-based SDT over CG is questionable. Considering different SDT schemes require different set of triggering conditions, it is desired to minimize the number of options supported by the specifications and simplify the design. The following two SDT types are considered to be supported, i.e. RRC-based SDT over RA and RRC-less SDT over CG. 
Proposal 2: RAN2 considers to minimize the number of supported SDT schemes. 
Proposal 3: RAN2 considers to support RRC-based SDT over RA and RRC-less SDT over CG. 
RRC-less SDT over CG
The intention of RRC-less SDT is to minimize the RRC signalling, but it doesn’t necessarily means no involvement of RRC processing.  It is desired to have common RRC procedure to control the different SDT schemes to reduce the implementation and standardization complexity. The common RRC procedure is needed for SDT access control, DRB suspend/resume and SDT type selection, etc. 
Observation 7: Common RRC procedure for different SDT schemes can reduce the implementation and standardization complexity. 
Same as RRC-based scheme, UE needs to perform UAC procedure to determine whether access attempt is allowed. The current UAC procedure can be reused for RRC-less SDT. 
In RRC-based scheme, RRC controls to resume/suspend the DRBs configured with SDT. When UE moves to INACTIVE state, the RRC layer suspends all DRBs when UE moves to INACTIVE. UE resume the DRBs configured with SDT when UE initiates the SDT procedure. The new keys are generated using the stored security context and the NCC value received in the previous RRCRelease message (i.e. same as legacy procedure) and these new keys are used for generating the data of DRBs that are configured for SDT. The same CP handling can be reused for RRC-less SDT. 
Proposal 4: Following agreements made for RRC-based SDT are also applicable to RRC-less SDT:
· The existing UAC procedure to determine whether access attempt is allowed, will be reused for SDT;
· Upon initiating RRC-less SDT, the UE resumes the SDT DRBs; 
· New keys are generated using the stored security context and the NCC value received in the previous RRCRelease message and these new keys are used for generating the data of DRBs that are configured for SDT;
In current suspend procedure, UE suspends all DRBs and indicate PDCP suspend to lower layers. For PDCP suspend procedure, UE sent both RX_NEXT and TX_NEXT to the initial value. In RRC-based scheme, the COUNT value should be reset since the security key is updated upon each RRC connection resume procedure.  However, in RRC-less scheme, considering the security key and configuration is not updated for each burst of data transmission, the PDCP SN/COUNT should be maintained for the DRBs configured with SDT in INACTIVE state, because it is not allowed to use the same COUNT value more than once for a given security key.  

Proposal 5: The PDCP SN/COUNT is maintained and not initialized during DRB suspend/resume for RRC-less SDT. 
Since small data transmission is configured by the network on a per DRB basis, the NAS layer doesn't need to indicate the intention to initiate SDT in INACTIVE when requesting the resume of a connection. The AS layer decides whether to initiate SDT based on the DRB configuration and selects the proper SDT type. Therefore, UE needs to make selection among the following three options:
1. RRC-based SDT over RA
2. RRC-less SDT over CG
3. Normal RRC resume procedure
Since the application scenario of RRC-less solution is limited to CG-based SDT, the same criteria for CG-based SDT are used to initiate RRC-less SDT over CG. 
Proposal 6: The same criteria for CG-based SDT are used for RRC-less SDT over CG.


Conclusion
In this contribution, we clarify the application scenario for RRC-less scheme, justify it from the aspects of signalling overhead, latency and power consumption and propose to have common RRC procedures to control the SDT in INACTIVE state. 
Based on the following observations:
Observation 1: RRC-less SDT is characterized by the direct UL data transmission without RRC signalling.  
Observation 2: RRC-less SDT requires UE in limited mobility status to minimize the RRC signalling. 
Observation 3: DL RRC message is seldom needed for RRC-less SDT, but is allowed when necessary. 
Observation 4: RRC-less SDT can further reduce the signalling overhead, latency and UE power consumption compared with RRC-based SDT. 
Observation 5: The application scenario for CG-based transmission and RRC-less SDT is exactly the same, i.e. UE resumes in the same cell. 
Observation 6: Combination of CG-based transmission and RRC-less SDT can achieve the optimum performance in terms of signalling overhead, latency and UE power consumption for UEs with limited mobility status. 
Observation 7: Common RRC procedure for different SDT schemes can reduce the implementation and standardization complexity. 
We propose:
Proposal 1: Support RRC-less SDT over CG for UE in limited mobility status and resumes in the same serving cell. 
Proposal 2: RAN2 considers to minimize the number of supported SDT schemes. 
Proposal 3: RAN2 considers to support RRC-based SDT over RA and RRC-less SDT over CG. 
Proposal 4: Following agreements made for RRC-based SDT are also applicable to RRC-less SDT:
· The existing UAC procedure to determine whether access attempt is allowed, will be reused for SDT;
· Upon initiating RRC-less SDT, the UE resumes the SDT DRBs; 
· New keys are generated using the stored security context and the NCC value received in the previous RRCRelease message and these new keys are used for generating the data of DRBs that are configured for SDT;
Proposal 5: The PDCP SN/COUNT is maintained and not initialized during DRB suspend/resume for RRC-less SDT. 
Proposal 6: The same criteria for CG-based SDT are used for RRC-less SDT over CG.
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