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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).
The agreements made in RAN1#106e meeting are showing below [2].
Agreement
· Each N of consecutive SSB indexes associated to one CG configuration are mapped to valid CG PUSCH resources
· first, in increasing order of DMRS resource indexes, where a DMRS resource index DMRSid is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of CG period indexes in the association period
· The mapping ratio N is explicitly signalled and the association period is implicitly derived
· FFS candidate value set of mapping ratio, and whether it is configured per CG configuration or per cell
· The SSB to CG PUSCH association period is the duration of multiple of CG periods depending the smallest time duration in the set determined by the CG period such that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources.
· An association pattern period includes one or more association periods and is determined so that a pattern between CG PUSCH occasions and SS/PBCH block indexes associated with the CG configuration repeats at most every 640 msec.
· Note: The mapping ordering and steps may be revisited if multiple CG PUSCH occasions in one CG period is supported
 
Agreement
Support multiple DMRS resources per CG configuration when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s)
· FFS if multi-layer PUSCH transmission is supported for CG-SDT
· FFS any limitation on the DMRS configuration if multiple CG PUSCH occasions per CG period is supported

Agreement
· The following PUSCH occasion validation rule is applied for CG-SDT
· for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon
· if a UE is provided tdd-UL-DL-ConfigurationCommon, the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot
· if a UE is not provided tdd-UL-DL-ConfigurationCommon, the valid PO does not precede a SS/PBCH block in the PUSCH slot, starts at least Ngap symbols after a last SS/PBCH block symbol 
· Ngap is provided in Table 8.1-2 in TS 38.213
· FFS if any validation rule following the CG-PUSCH in RRC connected state is applicable, and whether and how to handle the overlapping between CG-PUSCH occasions for CG-SDT and any valid PRACH occasion or MsgA PUSCH occasion.
· FFS the rule for paired spectrum, and whether/how to support CG-SDT for UEs operating in Type-A HD-FDD.


In this contribution, we discuss the SDT remaining issues from the physical layer perspective.
Discussion 
For CG-SDT, it was agreed in RAN1#106-e meeting that mapping ratio N between SSB and CG-SDT PUSCH resource is explicit signaled. For the candidate mapping ratio N, if N>1, multiple SSBs are associated with one valid PUSCH resource, the following values can be considered {1, 2, 4, 8}; If N<1, one SSB is associated with multiple valid PUSCH resources. As the configured grant is per UE configured, and the reserved PUSCH resources are only for specific user and will not share with other UEs. Anyway, UE will select only one DMRS resource from the valid PUSCH resource for data transmission, other left DMRS resources associated with this SSB will be wasted. Thus, N<1 case should not be supported. For the same reason, the mapping ratio can be configured per UE per CG configuration, which provides the full configuration flexibility to network.
Proposal 1:  The SSB index to valid CG PUSCH resource mapping ratio is configured per CG configuration, the candidate value set of mapping ratio include {1, 2, 4, 8}.
Regarding the multi-layer PUSCH transmission, the SDT focus on the small and infrequent data traffic to save the signalling overhead for frequent RRC state transition. If the data payload size is larger, it would be better to switch to RRC connected mode to make sure the transmission efficiently. There is no strong motivation to support multi-layer PUSCH transmission.
Proposal 2:  Multi-layer PUSCH transmission is not supported for CG-SDT.
Another open issue is whether support multiple CG PUSCH occasions per CG period. If multiple CG PUSCH occasions are introduced in the ConfiguredGrantConfig, it will have large standard impacts, especially to RAN2. On the other hand, increasing PUSCH occasion opportunity can achieve by configuring smaller configured grant periodicity. According to the specification, the CG periodicity could be from 2symobl to 5120 slots, the time domain offset is from 0 to 5119. The CG periodicity set is larger enough to adapt any PUSCH occasion granularity. Introducing multiple CG PUSCH occasions per CG is not needed.
Proposal 3: Multiple CG PUSCH occasions per CG period is not 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 4: 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:  The SSB index to valid CG PUSCH resource mapping ratio is configured per CG configuration, the candidate value set of mapping ratio include {1, 2, 4, 8}.
Proposal 2:  Multi-layer PUSCH transmission is not supported for CG-SDT.
Proposal 3: Multiple CG PUSCH occasions per CG period is not supported.
Proposal 4: Time domain repetition can be supported for CG-SDT.
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