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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]



This contribution discusses details and issues with the pre-configured PUSCH resource schemes.
[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 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.
For pre-configured PUSCH resources, it can be envisioned that the framework of configured grants (CG) is used as baseline. As the UE does SDT in INACTIVE, it can further be assumed that a stored RRC configured grant is used. With such an baseline, the current specification of UE behaviour and grant handling can be reused simplifying the work for SDT.
[bookmark: _Toc54272459][bookmark: _Toc54290840]The legacy Configured Grant framework is reused for CG based SDT 
2.1	Time Alignment
It can be assumed that for the use of any CG type configuration, frame synchronization is needed. As a result, current time alignment procedures should be use as baseline. Currently UE maintain a time alignment timer (TAT) for Serving Cells associated with the Timing Advance Group (TAG) and is uplink time aligned when the timer is running (TS 38.321). It may thus be necessary to study in which way the existing TAT handling can be extended or if new procedures or timers should be defined. 
As it can be expected that the time alignment timer for SDT would be included in a UE specific DRB configuration, reusing this from legacy could be simple. However, if there is need for more values and changes in UE behaviour, then defining a new timer similar to TAT for SDT from RRC_INACTIVE state, should be considered.
We think the NW should be able to configure the UE to use either RACH-based or CG-based SDT. In any case a sensible base-line is that a UE with a Configured Grant configuration for which time alignment timer is running shall use the CG grant for SDT. As for legacy, there may be resons to also reuse the possibility for LCH restrictions and that in cases for which a configured grant is not considered to be available or valid, the UE should revert to either legacy access from INACTIVE, or RACH based SDT access depending on the configuration.
Maintained time alignment also assumes a stationary UE. Similar to PUR, having a beam change criterion for CG TA validation should be sufficient. This means that if the beam has changed this should be considered as if the UE is in mobility and CG config should be released. The details here should be discussed when the basic use and procedures of SDT CG has ben determined.
[bookmark: _Toc54272460][bookmark: _Toc54290841]A UE with a Configured Grant configuration for which time alignment timer is running uses the CG based SDT. 
[bookmark: _Toc54272461][bookmark: _Toc54290842]After time alignment timer corresponding to a Configured Grant configuration has expired, UE may use RACH-based SDT. 
[bookmark: _Toc54272462][bookmark: _Toc54290843]After time aligment timer corresponding to a Configured Grant configuration has expired, the UE discards the CG configuration. 
[bookmark: _Toc54290844]RAN2 to discuss if a beam change result in that the CG config for SDT is released.
Apart from a dedicated DRB configuration for SDT, the NW should also be able to provide the UE with a CG configuration for SDT in a response to a RACH based SDT procedure. For example, based on an indication/BSR in the SDT transmission, or if subsequent data is expected for a LCH for which the UE should be kept in INACTIVE (especially with a known periodicity suitable for SDT). The NW can issue such an CG allocation in the response message where this CG configuration preferable is a CG Type 1. 
Alternatively, the NW can configure and activate a Type 2 CG configuration (in addition to the option of dynamic scheduling) after moving a UE to CONNECTED. I.e. this means in this case the NW issues a full resume. 
Since the two CG types are conceptually identical except for the activation considering using the CG in SDT in INACTIVE, only optimizing a CG Type 1 could be sufficient for SDT specifically. This is because in CG Type 2, activation by DCI and subsequent confirmation MAC CE seems unnecessary due to the SDT CG grant usage characteristics. 
If a stationary UE configured with a Type 1 CG does not use a SDT configuration, there can be benefit for having those UEs to release the CG configuration. This would be particularly useful when the CG configuration is provided as a response to a RACH based SDT when only a few transmissions are expected. These resources can then be allocated to other UEs. A simple way would be to reuse skipping, in that a UE skipping SDT CG resources for a configured number of times also release the CG configuration. I.e. the configured uplink grant is released by upper layers and corresponding uplink grants is cleared if the UE skip a configured number of CG grants. This would lessen the need for RRC reconfigurations and also lead to more efficient use of SDT with configured grants. Note that similar functionality already is defined for SPS in LTE and for PUR.
[bookmark: _Toc54272463][bookmark: _Toc54290845]Network can provide CG Type 1 configuration as reply to SDT transmission.
[bookmark: _Toc54272464][bookmark: _Toc54290846]The CG is released after skipping a configurable number of times
2.2	Other criteria
Apart from a TAT timer, a CG resource RSRP threshold and a Data volume threshold may be defined. In case these conditions are not fulfilled, e.g. when a DL reference signal is below the RSRP threshold or the data in the buffer is above the Data volume threshold, the CG is not valid. In these cases the UE will need to revert to either a RACH based SDT access, assuming conditions for this are fulfilled, or otherwise to legacy connection resume procedure.
[bookmark: _Toc54270973][bookmark: _Toc54271015][bookmark: _Toc54272465][bookmark: _Toc54290847]Introduce an RSRP threshold for when the configured CG is valid.
[bookmark: _Toc54272466][bookmark: _Toc54290848]Introduce a Data volume threshold for when the configured CG is valid.
A time alignment timer 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, RAN2 should discuss further whether any new criteria for validity of CG-based SDT configuration need to be defined. 
[bookmark: _Toc54265605][bookmark: _Toc54290849]FFS whether new criteria are needed for validity of CG-based SDT configuration, e.g. related to time alignment.
2.3	Subsequent transmissions 
Similar to the RACH based SDT, there can be advantages of including assistance information in the SDT MAC PDU on CG. The assistance information is useful for gNB to determine if the UE should remain in inactive or be moved to connected. A Data volume threshold can be used partly to ensure SDT is not used for UEs who should rather go to connected immediately, i.e. by the legacy Resume procedure. This will keep SDT CG resources free from UEs with lots of data and who are better served in connected mode. Assistance information such as a BSR could also indicate that the UE will benefit from a new grant to transmit the data in its buffer. Given the small grants and data amounts expected for SDT, the normal BSR triggering events and rules will create overhead. Several improvements are possible. For example, if the amount of data left in the buffer could be transmitted with a few more CG transmissions, no BSR would be needed. The BSR could be limited to be a short BSR only reporting data from the LCG configured for SDT and is triggered when the available configured grant resources are needed for a longer period of time to empty the current UE buffer. In case the BSR is included, the gNb is informed of the situation and can do an informed decision of whether to move the UE to connected and issue dynamic grants to swiftly empty the UEs buffer.
[bookmark: _Toc54272467][bookmark: _Toc54290850]A BSR trigger for a volume threshold requiring subsequent data transmissions is defined.

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The legacy Configured Grant framework is reused for CG based SDT
Proposal 2	A UE with a Configured Grant configuration for which time alignment timer is running uses the CG based SDT.
Proposal 3	After time alignment timer corresponding to a Configured Grant configuration has expired, UE may use RACH-based SDT.
Proposal 4	After time aligment timer corresponding to a Configured Grant configuration has expired, the UE discards the CG configuration.
Proposal 5	RAN2 to discuss if a beam change result in that the CG config for SDT is released.
Proposal 6	Network can provide CG Type 1 configuration as reply to SDT transmission.
Proposal 7	The CG is released after skipping a configurable number of times
Proposal 8	Introduce an RSRP threshold for when the configured CG is valid.
Proposal 9	Introduce a Data volume threshold for when the configured CG is valid.
Proposal 10	FFS whether new criteria are needed for validity of CG-based SDT configuration, e.g. related to time alignment.
Proposal 11	A BSR trigger for a volume threshold requiring subsequent data transmissions is defined.
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