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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1]In the last meetings, RAN1 has discussed the physical layer issues of small data transmission requested by RAN2 LSs, and some agreement have been achieved for RA-SDT and CG-SDT respectively.
Reply LS on TA validation (R1-2104012)
RAN1 discussed TA validation based on RSRP change criterion, and confirms that the change of RSRP could be taken as an optional criterion for determining the validity of the UL TA for CG-SDT considering the multi-beam operation. The criterion is valid only when the gNB configures RSRP change thresholds. RAN1 sees a few potential options on how the RSRP change thresholds are configured, e.g., cell level configured, or per set of SSBs configured, or configured per CG PUSCH configuration, etc. RAN1 understands this shall be studied in RAN2.
The RSRP in the criterion is a linear averaged RSRP of a subset of SSBs. The suitable mechanism for determining this subset of SSBs is still to be discussed further in RAN1. Candidates under study include e.g., determination based on an absolute RSRP threshold, or based on the SSB subset in configuration, etc. RAN1 will inform RAN2 if further progress is achieved in future.
Please note besides the RSRP change criterion and the TAT criterion (as agreed in RAN2), other criterions are under discussion in RAN1 to handle e.g., the potential issue of accuracy of TA validation from absolute RSRP. RAN1 does not reach consensus if the issue exists, and it is RAN1 understanding that this potential issue of accuracy of TA validation from absolute RSRP belongs to RAN4 expertise.

Agreement:
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signaling.
· 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 further discuss the remaining issues in terms of SSB to PUSCH mapping and TA validation.
 Discussion
 Mapping between SSB and CG resources
As discussed in the last RAN1 meeting, CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signaling, that means the SSB set of per CG configuration is configurable. Furthermore, there could be two ways to configure the mapping between SSB and CG resources within the CG configuration, e.g. explicitly in the RRC message (similar as SSB to RO mapping for CFRA) or implicitly by predefined rule (similar to the SSB to RO mapping for CBRA).
Option 1: Explicit mapping 
The mapping of SSB and CG resource can be explicitly configured by RRC release message with limited RAN1 spec impact. The mapping relation is similar to the mapping of CSI-RS to RA occasion(s) in the dedicated RACH configuration, i.e. each SSB in the SSB set can be mapped to one or multiple CG occasions by explicit indication in the RRC message, and the ordering of CG resources within a CG period can be defined in RAN2 spec.
However, if the CG configuration in Rel-16 licensed band is directly reused, there will be only one CG occasion in a CG period within a CG configuration (with single DMRS resource, no FDMed resources, and assuming the repetitions are corresponding to the same beam). In this case, all the CG occasions has to be associated with the same set of SSBs.
Potential enhancements could be considered with additional spec impact, such as supporting multiple DMRS per CG configuration, or reinterpret the repetitions to be multiple time-domain CG occasions that could be mapped to different SSBs individually. 
Option 2: Implicit mapping 
The mapping can be also implicitly defined similar to the SSB to RO mapping, i.e. specify the mapping ratio and the ordering of SSBs and CG occasions respectively. However, there are still some differences between the RACH occasion and CG occasion which may lead to additional specification efforts even if the mapping rule is reused. For example, the configuration period of PRACH resources is in the unit of frame and the value is limited to {1,2,4,8,16}, while that for CG resources is in the unit of symbol or slot with more candidate values. There would be too many combinations between the periodicity of SSB and the periodicity of CG resource. The association pattern would be quite complicated if the same rule to implicitly determine the association period and association pattern period between SSB and RO is reused for SSB to CG resource mapping. One possible way to avoid the additional complexity is to limit the candidate value of the periodicity of CG configurations, e.g. to have the same value set as RACH occasion. This is reasonable because it is not practical to configure a quite small periodicity for the data transmission in RRC_INACTIVE state.
Proposal 1: 
· Either explicit mapping or implicit mapping can be considered for the SSB-to-PUSCH resource mapping within the CG configuration.
· FFS if multiple DMRS needs to be configured
· FFS if the repetition needs to be reinterpreted as the number of TDMed occasions per CG period
· FFS if the value set of CG periodicity needs to be limited

 TA validation
As discussed in last meeting, RAN1 discussed TA validation based on RSRP change criterion, and confirms that the change of RSRP could be taken as an optional criterion for determining the validity of the UL TA for CG-SDT considering the multi-beam operation. The criterion is valid only when the gNB configures RSRP change thresholds. The RSRP in the criterion is a linear averaged RSRP of a subset of SSBs. The suitable mechanism for determining this subset of SSBs is still to be discussed further in RAN1. Candidates under study include e.g., determination based on an absolute RSRP threshold, or based on the SSB subset in configuration.
For the absolute RSRP threshold, the threshold used for deriving the serving cell RSRP which is used for cell reselection may be reused.  For the SSB subset, gNB may configure it by RRC release message. Regarding on the selection of the SSB subset, it is up to gNB implementation. When the UE moves, the available beam and the corresponding SSB subset may be changed. Then the configured SSB subset may be out of date. While for the absolute RSRP threshold, the UE may derive the RSRP based on the configured threshold and the current RSRP values of actually transmitted SSBs. Hence, we prefer the absolute RSRP threshold.
Proposal 2: 
· For TA validation based on RSRP change criterion, the absolute RSRP threshold used for deriving the serving cell RSRP which is used for cell reselection should be reused.
Conclusion
In this contribution, we have discussed the remaining issues on the SSB to PUSCH mapping and TA validation for small data transmission. Based on this, the following proposal is provided:
Proposal 1: 
· Either explicit mapping or implicit mapping can be considered for the SSB-to-PUSCH resource mapping within the CG configuration.
· FFS if multiple DMRS needs to be configured
· FFS if the repetition needs to be reinterpreted as the number of TDMed occasions per CG period
· FFS if the value set of CG periodicity needs to be limited
Proposal 2: 
· For TA validation based on RSRP change criterion, the absolute RSRP threshold used for deriving the serving cell RSRP which is used for cell reselection should be reused.
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