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1. INTRODUCTION

This contribution addresses the following physical layer aspects of small data transmission:
· Association between SSB and CG configuration
· Condition for UE selection of RACH-based SDT
· Reception of HARQ-ACK information for PUSCH

RAN1 already discussed the first item and made an agreement in RAN1#104b-e, but some aspects are left FFS. This contribution proposes that an SSB associated to a CG-SDT configuration maps to all PUSCH resources and keep the configuration of CG-SDT as close as possible to R16 CG configuration. 

This contribution also proposes to support reception of HARQ-ACK information for PUSCH transmissions (i.e. DFI) for SDT operation.

2. RAN1 ASPECTS OF SDT

CG-based SDT
RAN1 made the following agreement in RAN1#104b-e:
	· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling.
· FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration.
· FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.



The objective of configuring an association between an SSB and a PUSCH resource is to allow the network to infer the best SSB detected by the UE. Here, it is understood that a PUSCH resource can be characterized by a time occasion and/or a DMRS configuration. Such association can be realized in several two basic ways:

Option 1: Define one CG-SDT configuration in the same way as a CG configuration in R16.
· Network provides multiple CG-SDT configurations to the UE, each of which may be differentiated by set of time occasions and/or DMRS configuration. 
· Network provides one SSB for each CG-SDT configuration (assuming that network wants to know the best  SSB – otherwise multiple SSBs could be provided).

Option 2: Define one CG-SDT configuration to include multiple sets of time occasions and/or DMRS (different than CG configuration in R16).
· Define a resource mapping between each SSB associated with the CG configuration and the multiple sets of time occasions and/or DMRS (maybe similar to SSB-to-RO).
· Network may provide a single CG-SDT configuration which includes multiple sets of time occasions and/or DMRS.

In both options, it is possible to achieve identifiability of best SSB with same latency (since it is possible to differentiate multiple CG-SDT’s by DMRS only in Option 1. Since most parameters of a CG configuration would likely be the same value between the multiple CG-SDT configurations in Option 1, one may view Option 2 as an optimization that avoids repeating the same parameter values and saves RRC signaling. On the other hand, Option 2 involves more specification complexity for the definition of the rule and makes the structure of CG-SDT different from the structure of R16 CG which may be undesirable if further enhancements related to CG are introduced in future releases. For this reason, it is preferred to support the SSB-to-PUSCH association by using multiple CG-SDT configurations.
Proposal 1: An SSB associated to a CG-SDT configuration maps to all PUSCH resources of the CG-SDT configuration.
Proposal 2: No additional SSB-to-PUSCH mapping is introduced within a CG-SDT configuration (no change required to CG configuration).

[bookmark: _Hlk68183989]When the CG resource cannot be selected because the measured SSB-RSRP on the associated SSB is lower than the RSRP threshold configured for CG selection, the UE should consider the CG resource as invalid and switch to RACH-based SDT.  In general, the UE should select the CG resource for SDT if it is valid and available over selection of a RACH based SDT resource. However, if CG resources in the cell become invalid, either due to not having a valid TA or due to not meeting the RSRP threshold configured for CG selection, the UE should select RACH based SDT resources. Keeping in mind that SDT selection RSRP threshold is common to both RACH and CG, it is more probable that the UE meets the RSRP threshold for SDT but not the RSRP threshold for CG selection, as CG can support higher TB sizes.

Proposal 3:	The UE selects RACH-based SDT when there is no valid CG for selection, including when the measured SSB-rsrp is not met for any SDT CG resource. 

In R16, downlink feedback indication (DFI) is introduced to support operation in unlicensed spectrum. For CG-SDT, reusing this functionality can be useful for example to allow the UE to stop PDCCH monitoring upon reception of ACK or to fallback to non-SDT operation if multiple NACK’s are received.

Proposal 4: Support reception of HARQ-ACK information for PUSCH transmissions for SDT operation.

3. CONCLUSIONS
In this contribution, we make the following proposals:

Proposal 1: An SSB associated to a CG-SDT configuration maps to all PUSCH resources of the CG-SDT configuration.
Proposal 2: No additional SSB-to-PUSCH mapping is introduced within a CG-SDT configuration (no change required to CG configuration).

Proposal 3:	The UE selects RACH-based SDT when there is no valid CG for selection, including when the measured SSB-rsrp is not met for any SDT CG resource. 

Proposal 4: Support reception of HARQ-ACK information for PUSCH transmissions for SDT operation.
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5. APPENDIX A: PAST AGREEMENTS

RAN1#104b-e

Update on 4/16: latest LS content in v0.0.9 is endorsed. Final LS (cc RAN4) in R1-2103994  revised in R1-2104012
Summary of email discussion in R1-2103995.

Update on 4/16:
Conclusion:
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.
Next check point: 4/19
Agreement:
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling.
· FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration.
· FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.
Final summary in R1-2103925.

RAN1#104-e

For RA-SDT
· From RAN1 perspective, at least a separate SearchSpace that is different from the existing common SearchSpace should be supported for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT
· It is up to RAN2 decision if the separate SearchSpace is UE-specific or common to the UEs performing RA-SDT
· If the separate SearchSpace is not configured, type-1 PDCCH CSS can be reused.
· FFS UE-specific CORESET or common CORESET

For CG-SDT
· One or multiple SSBs can be associated with each CG configuration for CG-SDT.
· From RAN1 perspective, the following options can be considered for the association between the SSBs and the CG resources (including transmission occasions and DMRS) per CG configuration for CG-SDT.
· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule 
· Reuse the SSB-to-RO mapping as the baseline
· FFS the potential RAN1 impact, e.g. mapping ratio and association period
· Opt. 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling.
· FFS the potential RAN1 impact
· Other solutions are not precluded
· FFS whether repetition is supported for CG-SDT or not, and if supported how to handle the mapping between the SSBs and repetitions
· FFS TA validation and PUSCH validation for CG-SDT.



3/4
