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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#104bis-e meeting, the following agreement had been made for CG-SDT [2].
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.

In this contribution, we discuss the SDT remaining issues from the physical layer perspective.
Discussion 
For CG-SDT, it was agreed in last RAN1 meeting that CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling. One issue is how to define an SSB-to-PUSCH resource mapping within the CG configuration. According to current CG configuration in [3], i.e., ConfiguredGrantConfig, one PUSCH resource for SDT is determined by following parameters within one CG configuration: periodicity, timeDomainOffset, TimeDomainAllocation, frequencyDomainAllocation, antennaPort, dmrs-SeqInitialization.
Now considering the association between SSB and PUSCH resource, one SSB index is associating one PUSCH resource {periodicity, timeDomainOffset, TimeDomainAllocation, frequencyDomainAllocation, antennaPort, dmrs-SeqInitialization }.
If implicit mapping between SSB to CG-PUSCH resource is considered, the following parameters are required.
· Mapping ratio between SSB to CG-PUSCH resource, i.e., one-to-one, multiple-to-one, one-to-multiple mapping
· PUSCH resource index, which is used to derive the PUSCH resource implicitly, it is determined by configuring parameters of {periodicity, timeDomainOffset, TimeDomainAllocation, frequencyDomainAllocation, antennaPort, dmrs-SeqInitialization }. 
For implicit mapping, as there are many parameters linking to the PUSCH resource, it’s hard to define the PUSCH resource indices efficiently. For instance, the periodicity could be from 2symobl to 5120 slots, the time domain offset is from 0 to 5119, and the FDRA could be up to 18bits. If there are no restrictions for parameter combinations, the PUSCH resource indices are huge and are almost infeasible. Even the PUSCH resource indices could be defined in a complicated way, the benefit is not clear. The CG configuration is UE specific. Different users could have different CG configurations. The PUSCH resources could not be shared by different users, as RAN2 agreed that no contention resolution procedure is assumed for CG-SDT. 
Comparing with implicit mapping, the explicit indication of association between SSB and PUSCH resource is simple and intuitive without defining mapping ratio and PUSCH resource index, it could provide the full flexibility for network configuration.
Proposal 1: Explicit indication of association between SSB and CG-SDT PUSCH resource is supported.
According to [1], for CG-SDC 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. However, 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.
For the RA-SDT,  after the RACH procedure, the UE will not transit the state to RRC_CONNECTED mode. If UE is in the RRC_IDLE or RRC_INACTVIE state, initial DL BWP can be configured for UE to receive the system information and paging information. If the initial DL BWP is not configured, then UE would monitor the CORESET#0 and search space#0. Thus, for RA-SDT, the small data can be transmitted on CORESET#0 as well.  However, the CORESET#0 could be over-crowed due to the broadcast system information transmission over it. Small data transmission over initial DL BWP is another choice, the initial DL BWP would be configured with larger bandwidth than the CORESET#0 and contains the CORESET#0 in frequency domain, but initial DL BWP can only be applied after initial access.
For small data transmission, it should allow the UE in RRC_INACTVIE state to transmit and receive the data on the initial BWP. The CORESET#0 or new CORESET configured on initial BWP could be used for PDCCH scheduling the SDT. For the search space for SDT transmission, USS set can be configured for SDT UE before it leaves the RRC_CONNECTED mode to RRC_INACTIVE mode.
Proposal 3: For RA-SDT, the initial BWP is applied for UL and DL data transmission, where initial BWP is configured by SIB1. USS set is configured for SDT transmission.
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.
Proposal 3: For RA-SDT, the initial BWP is applied for UL and DL data transmission, where initial BWP is configured by SIB1. USS set is configured for SDT transmission.
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