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1	Introduction
A WI on small data transmission from RRC_INACTIVE was approved [1]. Based on the WI, RAN2 needs to specify the general procedures for both RACH-based schemes and CG-based schemes.
	For the RRC_INACTIVE state:
UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
[bookmark: _Hlk26863976]General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
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]
Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]



In RAN2#111e the following agreements were made:
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
3	Context fetch and data forwarding with anchor re-location and without anchor re-location will be considered.   FFS if there are problems with the scenario “without anchor relocation”. 
4	From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG).
5	The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE
6	The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH.
7	Small data transmission is configured by the network on a per DRB basis
8	Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  
	FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT
9	UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10	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 on dedicated grant.  FFS on details and whether any indication to network is needed.  

This contribution discusses RRC configuration details and general principals for SDT.
[bookmark: _Ref178064866]2	Discussion
The general design principle of Rel 17 SDT for NR can assume that for RACH based schemes, small data transmission (SDT) is multiplexed with a CCCH subPDU in the same MAC PDU in Msg3, or alternatively, in MsgA for 2-step RA based RACH procedure. 
For RACH based transmissions, in a baseline procedure for successful random access, the RAR would be as in legacy random access, and Msg4 after Msg3 with uplink data would constitute of gNB sending a RRCRelease with a suspendConfig to keep the UE in inactive mode or an RRCResume to move the UE to connected mode. For 2-step RA, the corresponding gNB response would be sent in MsgB or as a later subsequent DL CCCH message; depending on the number of UEs that is addressed to with a success RAR.
A plausible scenario is that for transmission of SDT, the existing RACH configurations can be used (shared resources) in where SDT specific paramaters may be additionally included. It is also plausible that separate RACH configurations for SDT may be supported. In this case, separate time and/or frequencies are used for the PRACH while the preambles can be reused, see further discussion in [2]. Examples of conditions when SDT RACH procedure can be initiated include restrictions of DRB or logical channles, data volume or RSRP threshold and possibly other parameters. 
For pre-configured PUSCH resources, it can be envisioned that the framework of using in configured grants (CG) is used as baseline. As the UE transmits SDT in INACTIVE, it can further be assumed that CG Type 1 is used.
For CG Type 1, similar to the RACH configuration, the current framework can be modified so that SDT transmission is limited to that of logical channels/DRB configured for SDT
2.1	Configuration
2.1.1	General
The UE attempting an SDT access either via CG Type 1 or RACH depends on the availability of a grant, i.e. if the UL synchronization state is adequate according to a running timer. Currently in Rel-16, UE assumes, by maintaining a time alignment timer for Serving Cells associated with a Timing Advance Group, to be uplink time aligned when this timer is running. It can thus be assumed that an SDT specific configuration includes a TAT, or similar new timer.
[bookmark: _Toc54291561]A UE is configured with a timer (TAT) to limit use of SDT configured grants to when synchronization is maintained
The TAT is a rather crude way of determining if the UL timing alignment is accurate. The LTE PUR also takes into account if the UE is moving or not, measured via RSRP fluctuations compared to a reference value. Depending on the envisioned use cases, we should discuss further whether any new criteria for validity of CG-based SDT configuration need to be defined.
[bookmark: _Toc54282416]FFS whether new criteria are needed for validity of CG-based SDT configuration, e.g. related to time alignment.
Additionally, it can be envisioned that the SDT access itself is limited to payload size intermittent in time, i.e SDT data can be linked to a specific logical channel through an SDT DRB configuration. By that, the choice of doing a single SDT access or requesting a transition to CONNECTED (RRCResume request) due to a buffer fill threshold should be defined.
As has already been agreed there should be a Data volume threshold for when SDT is allowed. Due to the inherent differences between payload sizes of RACH based SDT and CG based SDT, it seems that different thresholds and/or other initiation criteria should be configured for these. Furthermore, since SDT is configured for specific LCH/DRB, we believe that only data in these LCH/DRBs should be counted within these thresholds. If data is available on a LCH/DRB not configured for SDT, a normal Resume procedure should be initiated.
[bookmark: _Toc54291562]Data volume thresholds for RACH based SDT and CG based SDT are separately configured and only count data in the LCHs/DRBs configured for SDT.
If multiplexing of data from other logical channels/DRBs should be allowed, e.g. fulfilling the volume threshold, then a parameter can be added to the configuration for SDT, such that the NW can control the MAC PDU payload content. For example using a logical channel restriction in multiplexing could be used similarly to existing mechanisms. The same could apply for RACH and CG based SDT, using a separate or common parameter.
[bookmark: _Toc54291563]Multiplexing of different LCHs in a SDT MAC PDU should be subject to configuration
Additionally, performing a one shot transmission may entail certain success rate target to be useful. That is, if a SDT access attempt is to be beneficial it needs at least a corresponding lowest link quality. Therefore, an addition RSRP threshold such as when selecting between the 2-step and 4-step Random Access procedure would be useful for determining if SDT is allowed. Similar to Data volume thresholds, we believe it would be useful to define different thresholds for RACH based SDT and CG based SDT.
[bookmark: _Toc54291564]RSRP thresholds for RACH based SDT and CG based SDT are separately configured.
2.1.3	RACH based SDT configurations
For the 2-step RA procedure, both shared and separate configurations with respect to 4-step RA procedure were introduced by using the new information elements RACH-ConfigCommonTwoStepRA and RACH-ConfigGenericTwoStepRA. We believe that a similar approach should be adopted also for RACH based SDT. This approach allows for flexible configurations based on legacy configurations.
[bookmark: _Toc54265597][bookmark: _Toc54291565]RA based SDT should be configured by defining two new RRC IEs, RACH-ConfigCommonSDT and RACH-ConfigGenericSDT. The exact content of these IEs should be discussed by RAN2.
Examples of parameters which could be separate for RACH based SDT discussed include:
CB-PreamblesPerSSB-PerSharedRO, RSRP-Threshold, RSRP-ThresholdSSB, -messagePowerOffsetGroupB, ra-ContentionResolutionTimer, etc
2.1.4	CG based SDT configurations
If CG are configured dedicated to a specific UE it is tempting to force the UE to use CG if configured. This would have the benefit of reducing the RACH load since all UEs with CG would be excluded from using these. We therefore think that it if a UE satisfy the criteria for CG, i.e. TAT running, data volume threshold SDT and RSRP threshold then CG based SDT is performed. We propose
[bookmark: _Toc54291566]If the TAT is running and the data volume threshold and RSRP threshold conditions are satisfied, the CG based SDT if configured, is performed.
For the Configured Grant based access (c.f. PUR), it seems rather straightforward to reuse most parts of the ConfiguredGrantConfig; creating a DRB (UE specific) Configured Grant Type 1 configuration.
Examples of parameters to reuse would be:
CS-RNTI, periodicity, timeDomainOffset, timeDomainAllocation, nrofHARQ-Processes, harq-ProcID-Offset2: offset of HARQ process for configured grant, timeReferenceSFN, etc
We note that it may be so that a different RNTI from the CS-RNTI may be needed for handling of retransmissions, for example using a SDT specific RNTI for retransmission.
[bookmark: _Toc54291567]CG based SDT should be configured by defining a new RRC IE, ConfiguredGrantConfigSDT, based on the exiting signalling for Configured ‘Grants.
Note that similar to 2-Step RA configuration and other, optionality in which of the SDT specific parameters are used can be made from using of legacy signaled parameters upon absence.
2.4	Cell re-selection
In legacy, if an inactive UE during the Resume procedure triggers cell-reselection, it will transit to idle. The occurrence of cell reselection during the legacy Resume procedure would be a rather uncommon situation. However, the likelihood of cell reselection during a SDT procedure may be higher, considering that an SDT procedure may have subsequent transmissions and therefore continue for a longer time than a legacy Resume procedure. However, if a configurable pathloss threshold is defined as one of the triggering conditions, the probability of cell-reselection during an SDT procedure could be controlled. It would therefore be beneficial to have a simple mechanism to avoid sending the UE to Idle, to avoid the extra latency from transiting to Idle and doing an RRC Connection establishment in the new cell. We believe this could be achieved by one of the two options:
1. Stop the cell reselection when SDT is initiated
2. If a cell re-selection is triggered during an ongoing SDT procedure, stop the ongoing SDT procedure and initiate a new SDT procedure on the new cell.
In option 1, a problem is if the current cell becomes too weak for successful data transmission. This would eventually result in that T319 would time out and the UE would be sent to idle and no SDT would be done.
In option 2, the procedure would be initiated again on the newly selected cell. This would result in a shorter latency than option 1 and would be more robust. This would require that the UEs AS context is stored in both the UE and network until the SDT procedure is completed (i.e. the gNB sends the RRCrelease with a suspendConfig or RRCresume).
[bookmark: _Toc54291568]If a cell re-selection is triggered during an ongoing SDT procedure, the ongoing SDT procedure should be stopped and a new SDT procedure is initiated on the reselected cell.
As discussed in [3], the gain of doing subsequent transmissions within the same SDT procedure is limited to special cases. Since the number of additional transmissions will be under gNB control it can be assumed that subsequent transmissions will be uncommon and therefore the likelihood of cell re-selection during an ongoing SDT procedure will be in the same order as for a normal Resume procedure. This means that there is no need for complex solutions and reducing data loss can be left for UE implementation.
Conclusion
In the previous sections we made the following observations: 
Observation 1	FFS whether new criteria are needed for validity of CG-based SDT configuration, e.g. related to time alignment.
Based on the discussion in the previous sections we propose the following:
Proposal 1	A UE is configured with a timer (TAT) to limit use of SDT configured grants to when synchronization is maintained
Proposal 2	Data volume thresholds for RACH based SDT and CG based SDT are separately configured and only count data in the LCHs/DRBs configured for SDT.
Proposal 3	Multiplexing of different LCHs in a MAC PDU should be subject to configuration
Proposal 4	RSRP thresholds for RACH based SDT and CG based SDT are separately configured.
Proposal 5	RA based SDT should be configured by defining two new RRC IEs, RACH-ConfigCommonSDT and RACH-ConfigGenericSDT. The exact content of these IEs should be discussed by RAN2.
Proposal 6	If the TAT is running and the data volume threshold and RSRP threshold conditions are satisfied, the CG based SDT if configured, is performed.
Proposal 7	CG based SDT should be configured by defining a new RRC IE, ConfiguredGrantConfigSDT, based on the exiting signalling for Configured ‘Grants.
Proposal 8	If a cell re-selection is triggered during an ongoing SDT procedure, the ongoing SDT procedure should be stopped and a new SDT procedure is initiated on the reselected cell.
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