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Introduction
NR small data enhancement WI was started in RAN2#112-e meeting, an LS [1] was sent to RAN1 to request RAN1’s inputs on the following questions. 
· Configuration of the coreset and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. 
· Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s).
And in RAN1#104-e meeting, the following conclusion had been made for RA-SDT [2].
· 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, the following conclusion had been made [2].
· 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.

In this contribution, we discuss the SDT remaining issues from the physical layer perspective.
Discussion 
For CG-SDT, the association between SSB and CG resource is still open. Two options were discussed in the last RAN1 meeting. 
· Option 1: Define the SSB-to-CG PUSCH mapping rule
With this option, the association between SSB and CG-PUSCH resource is implicitly derived. Before discussing this option, the CG resource for CG-SDT transmission need to be clarified first. According to current specification, one CG configuration would configure only one physical layer resource for PUSCH transmission within one periodicity, which includes the slot offset, PRB numbers, PRB location, start symbol and length for PUSCH transmission, etc. For CG-SDT, each SSB could associate with a dedicated CG-SDT resource. Thus, the CG-SDT configuration could extend to include more CG-SDT resources on top of CG configuration. Otherwise, it would require several CG-SDT configurations to associated with multiple SSBs. From this point, the similar definition of PUSCH resource unit (PRU) defined in 2-step RACH could be reused by CG-SDT. More specifically, one CG-SDT configuration could include multiple CG-SDT PUSCH occasions, i.e., multiple CG-SDT PUSCH occasions are FDMed and/or TDMed, and each CG-SDT PUSCH occasion include multiple CG-SDT PUSCH resource unit with different DMRS antenna port/DMRS sequences. 
With the CG-SGT configurations, UE implicitly derives the CG-SDT resource for preferred SSB according to the predefined mapping rule. The CG-SDT PUSCH resource unit can be increasing in the ordering of frequency domain first,  following by DMRS port in the CG-SDT occasion, at last increasing the time domain index. SSB and CG-SDT resource association period can be the same as the periodicity of CG-SDT configuration.  
· Option 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling
For Option 2, the CG-SDT resource associates with SSB(s) is explicitly configured by RRC signalling. It is up to RAN2 singalling design to determine one-to-one or one-to-multiple association between CG-SDT resource and SSB(s).
Comparing with Option 1 and Option 2, the signalling overhead is increased for Option 2, due to each SSB is linking with frequency domain resource allocation, time domain resource allocation, and specific DMRS port. For Option 1, the intention is to re-use mechanism of SSB-to-RO association, however the difference is RO resources are shared by all the UEs, the CG-SDT resource is dedicated reserved for specific UE in RRC_INACTIVE state, i.e., no resolution procedure is applied for CG-SGT. Thus, there is no clear benefit for implicit association.
Proposal 1: Explicit indication of association between SSB and CG-SDT PUSCH resource is supported.
According to [1], for CG-SDT RAN2 agreed that A SS-RSRP threshold is configured for SSB selection. If the measured SS-RSRP above the threshold, UE would use the configured CG resource for UL data transmission. With this agreement, the UE would transmit the small data only when UE is closer to the gNB, otherwise normal PRACH procedure will be applied. If the repetition is supported for CG-SDT, SS-RSRP threshold can be setting lower, and more users could get the benefits of small data transmission without switching into RRC_CONNECTED mode. The cost is more CG-SDT resources are reserved. Thus, it’s a balance between the SDT gain and resource reservation, the configuration flexibility can be left to gNB, gNB decides whether repetition is configured according to the scheduling strategy. The standard impact to support CG-SDT repetition is limited, the parameter in existing configured grant configuration, i.e., repK, can be reused. 
Proposal 2: Time domain repetition can be supported for CG-SDT.
Summary
In this contribution, we discuss the small data transmission impacts on physical layer aspects and the issues raised by RAN2, and have the following proposals:
Proposal 1: Explicit indication of association between SSB and CG-SDT PUSCH resource is supported.
Proposal 2: Time domain repetition can be supported for CG-SDT.
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