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1.	Introduction
RAN2 has started work on the NR Small Data Enhancements WI (RP-201305). The objectives of this WI include solutions for RACH based small data transmission (RA-SDT) and Configured Grant based small data transmissions (CG-SDT).
RAN1 previously agreed that CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling. It is FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration and FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.
Meanwhile, RAN2 made some agreements on CG-SDT as follows:
Agreements:
1	CG-SDT resources can be configured at the same time on NUL and SUL 
2	Implicit release of CG-SDT resource is not supported
3	UE start a window after CG/DG transmission for CG-SDT. 
	FFS whether to design a new timer or to reuse an existing timer.
4	Support retransmission by dynamic grant for CG-SDT. 
5	Support multiple HARQ processes for uplink CG-SDT. 
6	CG resource availability delay is not considered as a criterion for CG validation.
7	UL carrier selection is performed before CG-SDT selection
	FFS CG-SDT resource can be configured on BWPs other than initial BWP
In this contribution, we discuss some physical layer aspects of CG-SDT.
2.	Discussion
RAN1 agreed to associate CG resources per CG configuration with a set of SSB(s) configured by explicit signalling. Thus, if UE is configured with only one CG configuration, UE would use CG-SDT only for a set of SSB(s) configured for the CG configuration. A stationary or indoor UE seems fine to be configured with a few SSB(s) configured for the CG configuration. However, if UE is widely moving around a cell, the UE may be need to be configured with a different set of SSB(s) sometimes.
Considering that RA-SDT can be alternatively or additionally configured that CG-SDT may be configured only for the current cell, it seems fine to associate CG resources per CG configuration only with a set of SSB(s). However, it seems also interesting to support multiple CG configurations for an inactive UE considering multiple CG configurations can be configured for a connected UE.
For connected UEs, multiple CG configurations can be configured. One of the main motivations for multiple CG configurations is to support different traffic patterns. However, we wonder how many different traffic pattern we should support for inactive UEs. If various traffic patterns need to be supported, it seems better to support them in RRC_CONNECTED.
Nevertheless, for CG-SDT, multiple CG configurations could enable CG-SDT to support more or all SSBs at a cell. For example, UE could be provided multiple CG configurations of which each is associated with a subset of SSBs, i.e. a few SSBs. Different CG configurations can be associated with different subsets of SSBs. 
Proposal 1: A UE can be configured with multiple CG configuration indexes for CG-SDT. One or more SSBs are associated to a CG configuration index.
If UE is configured with one CG configuration associated with one SSB, UE will simply use the SSB for all CG PUSCH transmissions. However, if multiple SSBs are associated with a CG PUSCH resource for CG-SDT, UE could select a SSB based on measurement. For example, if a CG PUSCH resource is associated to a set of SSBs, UE will select one SSB of the set to transmit on the CG PUSCH resource for CG-SDT based on SSB measurement.
Proposal 2: For a CG configuration index, a PUSCH resource in a CG periodicity can be associated to a set of SSB(s) for CG-SDT. UE selects one associated SSB to transmit on the PUSCH resource.
In Rel-15 UL CG, UE uses CG PUSCH resource for a new HARQ transmission. Then, gNB may provide dynamic retransmission resource by DCI of which CRC is scrambled by CS-RNTI. However, if a UE is stationary and located near cell boundary, it would be beneficial for gNB to configure the UE with PUSCH repetitions of a TB for CG-SDT. Thus, UE can transmit a TB on multiple PUSCH resources in association with a same SSB.
Meanwhile, if a CG PUSCH resource of a CG configuration can be associated to a set of SSBs, it would be possible for a UE to transmit multiple PUSCH resources in association with different SSBs of the set, e.g. for reliable CG-SDT transmission in FR2.
Proposal 3: For PUSCH repetitions of a TB within a CG periodicity, if configured by gNB, UE can transmit multiple PUSCH resources associated to a same SSB or different SSBs of the set.
It seems basic that different PUSCH transmissions in different CG periodicities of CG-SDT are configured to be associated to the same set of SSB(s). Thus, SSB-to-PUSCH resource mapping won’t be changed across CG periodicities. However, if we want to associate all SSBs of a cell to CG PUSCH resources, different PUSCH transmissions in different CG periodicities of CG-SDT could be configured to be associated to different SSB subsets of the set for a CG configuration index. 
Proposal 4: For a CG configuration index, different PUSCH transmissions in different CG periodicities of CG-SDT can be configured to be associated to the same set of SSB(s) or different SSB subsets of the set.
Assuming that UE selects a SSB for CG PUSCH transmission, we think that the selected SSB does not need to be the best SSB of a cell. It seems sufficient that the quality of the SSB associated to CG-SDT is above a threshold configured by gNB. Even if the best SSB of a cell is not associated to any other CG PUSCH occasion but if at least one SSB of which quality is above threshold is associated with a CG PUSCH resource for CG-SDT, UE could use the CG PUSCH resource for CG-SDT instead of triggering RACH.
Proposal 5: If one or multiple SSBs are associated with a CG PUSCH resource for CG-SDT and a measured quality of at least one SSB is above a threshold configured by gNB, UE can use the CG PUSCH resource for CG-SDT.
· Even if the best SSB of a cell is not associated to any other CG PUSCH resource but if at least one SSB of which quality is above threshold is associated with a CG PUSCH resource for CG-SDT, UE can use the CG PUSCH resource for CG-SDT.
Meanwhile, if UE cannot find any good SSB configured for CG-SDT, UE could trigger RACH e.g. for RA-SDT or for normal access to RRC_CONNECTED.
Proposal 6: If measured quality of any SSB configured for CG-SDT is not above threshold for CG-SDT, UE triggers RACH e.g. for RA-SDT or for reconfiguring CG-SDT.
RAN2 agreed to support retransmission by dynamic grant for CG-SDT. Thus, RAN1 could further discuss SearchSpace for CG-SDT. 
In RAN1#104-e, RAN1 replied to RAN2 LS in R1-2102075:
	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



Even though the above agreement in the LS is related to RA-SDT, RAN1 could similarly make some agreement on SearchSpace for monitoring the PDCCH addressed to the CS-RNTI. In our view, at least a separate SearchSpace that is different from the existing common SearchSpace should be supported for monitoring the PDCCH addressed to the CS-RNTI after CG PUSCH transmission. 
Proposal 7: A separate SearchSpace that is different from the existing common SearchSpace should be supported for monitoring the PDCCH addressed to CS-RNTI for retransmission of CG-SDT.
In addition, the CS-RNTI could be used for retransmission of CG-SDT as well as for retransmission of connected CG.
Proposal 8: CS-RNTI can be reused for retransmission of CG-SDT.
Considering that CG resources per CG configuration can be associated with a set of SSBs, it should be clear what UE assume for DM-RS antenna port for detection of retransmission DCI in response to a CG PUSCH transmission. We think that the UE can assume the PDCCH carrying the DCI has the same DM-RS antenna port quasi co-location properties as for a SSB associated to the CG PUSCH transmission.
Proposal 9: For detection of retransmission DCI in response to a CG PUSCH transmission, the UE can assume the PDCCH carrying the DCI has the same DM-RS antenna port quasi co-location properties as for a SSB associated to the CG PUSCH transmission.
3.	Conclusion
In conclusion, we propose some physical layer aspects for SDT as follows:
Proposal 1: A UE can be configured with multiple CG configuration indexes for CG-SDT. One or more SSBs are associated to a CG configuration index.
Proposal 2: For a CG configuration index, a PUSCH resource in a CG periodicity can be associated to a set of SSB(s) for CG-SDT. UE selects one associated SSB to transmit on the PUSCH resource.
Proposal 3: For PUSCH repetitions of a TB within a CG periodicity, if configured by gNB, UE can transmit multiple PUSCH resources associated to a same SSB or different SSBs of the set.
Proposal 4: For a CG configuration index, different PUSCH transmissions in different CG periodicities of CG-SDT can be configured to be associated to the same set of SSB(s) or different SSB subsets of the set.
Proposal 5: If one or multiple SSBs are associated with a CG PUSCH resource for CG-SDT and a measured quality of at least one SSB is above a threshold configured by gNB, UE can use the CG PUSCH resource for CG-SDT.
· Even if the best SSB of a cell is not associated to any other CG PUSCH resource but if at least one SSB of which quality is above threshold is associated with a CG PUSCH resource for CG-SDT, UE can use the CG PUSCH resource for CG-SDT.
Proposal 6: If measured quality of any SSB configured for CG-SDT is not above threshold for CG-SDT, UE triggers RACH e.g. for RA-SDT or for reconfiguring CG-SDT.
Proposal 7: A separate SearchSpace that is different from the existing common SearchSpace should be supported for monitoring the PDCCH addressed to CS-RNTI for retransmission of CG-SDT.
Proposal 8: CS-RNTI can be reused for retransmission of CG-SDT.
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