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At the RAN1#104e meeting, the following conclusion was made for RA-SDT in the reply LS to RAN2 for physical layer aspects of small data transmission [1].  
	· 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


In addition, the following conclusion was made for CG-SDT [1].
	· 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.


Further, RAN1 received an LS from RAN2 regarding uplink timing alignment for small data transmissions, which includes the following question [2]:
	As noted above, RAN2 assumes that a similar timing alignment (TA) validation mechanism based on RSRP change as used in LTE PUR can be also introduced for CG-SDT. In LTE PUR, UE considers the TA as invalid, if the serving cell RSRP level has changed more than a configured RSRP threshold.  

RAN2 respectfully requests RAN1 to provide input on whether the change of RSRP is a suitable criterion for determining the validity of the uplink timing alignment for CG-SDT considering the multi-beam operation. 

2. Actions:
To RAN1 group.
ACTION: 	RAN2 respectfully requests RAN1 to take the above into account and provide input for: 
· The TA validation mechanism based on RSRP change for CG-SDT.


In the contribution, we present our views on physical layer aspects of small data transmission. 
Association between SSB and CG resource for CG-SDT
For CG-SDT, association between CG resource and SSB is needed for proper multi-beam operation. For a CG-PUSCH configuration, multiple CG-PUSCH resources may be configured in a serving cell and one CG-PUSCH resource can be associated with an SSB index. Similar to PUSCH resource as defined in 2-step RACH, CG-PUSCH resource may consist of CG-PUSCH occasion and DMRS resource including DMRS AP and/or sequence. Further, an SSB-RSRP change threshold is configured for SSB selection, where UE selects one of the SSBs with SS-RSRP change within the threshold and subsequently utilizes the associated CG-PUSCH resource for UL data transmission.
At the RAN1#104e meeting, two options were considered for further study for association between SSB and CG-PUSCH resources [1]: 
· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule 
· Opt. 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling
For these two options, Option 1 is based on implicit SSB to CG-PUSCH mapping rule, where mapping ratio and association period need to be defined. Note that similar mechanism as defined for SSB to RO association may be considered for SSB to CG-PUSCH association for CG-SDT. Compared to Option 2, it is evident that when a relatively large number of SSBs are used for CG-SDT for a UE, Option 1 may help in reducing signalling overhead as explicit signalling of association between SSB and CG-PUSCH resource is not needed. However, this option may need substantial specification effort, e.g., defining SSB to CG-PUSCH mapping rule. 
For Option 2, as gNB already knows the SSB index used for the transmission of RRC release message for a UE, it may make an appropriate prediction on a set of SSBs for association of CG-PUSCH resources for the UE, as shown in Figure 1. Given the fact that UE with CG-SDT operation may be in stationary conditions or moving at a low speed, a limited number of SSBs around the last SSB index used for transmission of RRC release massage may be sufficient to allow UE in RRC_INACTIVE state to maintain the link and transmit the CG-PUSCH. Further, this option may provide more flexibility on the association between SSB and CG-PUSCH as gNB may select a proper subset of SSBs for a given UE. 
Note that for the association between CG-PUSCH resource and SSB, existing configuration mechanism for CG-PUSCH may be extended. More specifically, CG-PUSCH resource may be associated with an SRS resource with SRS-SpatialRelationInfo containing the ID of a reference “ssb-Index”. In this case, the linkage between SSB and CG-PUSCH resources can be established by configuring a set of SSB indexes for a CG-PUSCH configuration. Note that different sets of SSB indexes may be configured for different CG-PUSCH configuration, which may provide further flexibility on the CG-SDT operation. 
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[bookmark: _Ref67919941]Figure 1. Configuration of a set of SSBs for association with CG-PUSCH resource
Based on the discussions above, considering the practical scenario for CG-SDT operation and less specification impact, it is more beneficial to support Option 2 for association between SSB and CG-PUSCH resource for CG-SDT. 
Proposal 1
· Opt. 2 is supported for association between SSB and CG resource for CG-SDT. 
As defined for 2-step RACH in Rel-16, MsgA PUSCH occasion is considered as valid only when certain conditions are satisfied, including overlapping between RO in 2-step and 4-step RACH, semi-static DL/UL configurations and SSB transmission, etc. For CG-PUSCH occasions for CG-SDT, similar mechanisms can be reused to ensure that UE transmits uplink data on the valid CG-PUSCH resources. Note that further validation rule on handling potential overlapping between CG-PUSCH occasions for CG-SDT and MsgA PUSCH occasions for 2-step RACH may need to be considered. 
Proposal 2
· CG-PUSCH occasion validation rule for CG-SDT follows that was defined for MsgA PUSCH occasion for 2-step RACH. 
· FFS: potential overlapping between CG-PUSCH occasions for CG-SDT and MsgA PUSCH occasions for 2-step RACH.

TA validation for CG-SDT
As indicated in the RAN2 LS, a TA validation mechanism was introduced for CG-SDT based on RSRP change, i.e., RSRP-based threshold(s) are configured. In particular, a similar mechanism as defined for LTE PUR can be reused for the TA validation for CG-SDT [2]. 
In case of multi-beam operation, when a set of SSBs are configured for a UE for CG-SDT operation, the UE would first select an appropriate SSB with measured RSRP change within the configured threshold. Subsequently, based on the selected SSB index and association with CG-PUSCH resource, the UE transmits the uplink data using the associated CP-PUSCH resource. Based on this mechanism, TA difference between latest SSB and old SSB within the serving cell can be relatively small when the RSRP change is limited. Further, given the fact that TA timer is configured for CG-SDT operation, TA change can be expected to be small before the configured TA timer is expired. Hence, in our view, it is feasible to utilize SS-RSRP change for TA validation of CG-SDT. 
Proposal 3
· It is feasible to utilize SS-RSRP change for TA validation of CG-SDT.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on the physical layer aspects of small data transmission. Further, we summarize the proposals as follows:
Proposal 1
· Opt. 2 is supported for association between SSB and CG resource for CG-SDT.
Proposal 2
· CG-PUSCH occasion validation rule for CG-SDT follows that was defined for MsgA PUSCH occasion for 2-step RACH. 
· FFS: potential overlapping between CG-PUSCH occasions for CG-SDT and MsgA PUSCH occasions for 2-step RACH.
Proposal 3
· It is feasible to utilize SS-RSRP change for TA validation of CG-SDT.
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