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ACTION: 	RAN2 respectfully requests RAN1 to take the above into account and provide input for: 
· 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)

From RAN2 LS [1] on physical layer aspects of small data transmission, the following requests are presented:

In this contribution,  we will discusses the mentioned two aspects on CORESET/search-space design and SSB-PUSCH association for SDT.
Discussion
As mentioned in RAN2 LS, the background for CORESET and search space configuration is for RA-SDT, while the SSB-PUSCH association is more related to CG-SDT, in which the UE will directly transmit PUSCH without having RACH procedure.

For RA-SDT: 
As noted above, RAN2 has agreed that the UE in RRC_INACTIVE should be able to send multiple UL and DL packets as part of the same SDT mechanism and the UE has to monitor the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. RAN2 respectfully requests RAN1 to provide input on configuration of the coreset and search space for monitoring the PDCCH addressed to the C-RNTI in the above case. 
For CG-SDT: 
As noted above, RAN2 has agreed that an association between type 1 CG resource(s) and SSB(s) is required for CG-based SDT considering the multi-beam operation. Providing such configuration explicitly in the RRCRelease message with suspendConfig is being considered by RAN2. RAN2 respectfully requests RAN1 to provide input on configuration of such association between the type 1 CG resources and the SSBs. 

Configuration of the CORESET and search space  
Based on the needs that UE will continue to monitor the PDCCH addressed to C-RNTI after RACH procedure but still using SDT mechanism, which implies that UE may not switch to RRC connected mode or establish the RRC connection with gNB. Then UE might not need to get UE specific RRC configuration. Therefore, the left options for configuring/determining the CORESET and search space are:
a) [bookmark: _GoBack]Configured in RRC release information before UE switched to RRC inactive state;
b) Configured in msg4 (DCI/PDSCH);
c) Configured in SIB1;
d) Reuse the ones for RACH procedure (e.g., RACH CORESET, ra-Searchspace);
e) Reuse the ones for system information (e.g., CORESET 0, Searchspace 0).
 As we can see, the first two options (a) and b)) are UE specific configuration thus can provide the best flexibility, while the ones in c), d), e) are kind of semi-static. Additionally, option a) will require gNB to identify the UE who completes the RACH procedure to be the UE who is previously receiving the RRC release information, e.g., report the I-RNTI (used in inactive state) in msg3/A. While configuring this information in msg4 requires adding one new MAC CE in msg4 to configure the CORESET and/or search space.. 
Proposal 1: the CORESET and search space used for RA-SDT could be configured in msg4 or RRC release messange from RAN1 perspective.

SSB-PUSCH association
For the CG-SDT as described by RAN2, the PUSCH resource (CG type1) will be configured in RRC release messages, which contains the SSB-PUSCH association as well. The purpose of such association is similar to what RAN1 has designed for SSB-RO association, which is for beam operation. More specifically, such association will allow gNB to identify the preferred DL Tx beam by UE thus gNB can feedback in the following DL transmission with the preferred beam after receiving the SDT-PUSCH sent by UE. Thus, following the same logic, the PUSCH configuration information includes the SDT-PUSCH periodicity, time/frequency domain size (e.g., TDRA and FDRA). Besides, we can introduce the new parameter to configure the number of PUSCH transmission occasion (PO) in one SDT-PUSCH period; or re-interpret the number of repetitions configured, e.g., Type A repetition, for the same purpose. As shown in following figure, SDT-PUSCH periodicity =5ms, and if no repetition, each period have one PO but if the repetition number configured as 2, UE can interpret that each SDT-PUSCH period has 2 POs. 
[image: ]
Fig. 1 – interpretation of repetition number as the number of PO in one SDT-PUSCH period.
Proposal 2: Configure the number of PUSCH transmission occasion (PO) in one SDT-PUSCH period by new parameter or re-interpret the number of repetitions configured.

In current Type1 CG configuration, the PO in F-domain is only one, whether to introduce multiple PO in F-domain could be further discussed. 
Following the above discussion, then the configured PO pattern can be determined, as well as the timeReferenceSFN can tell when to start. The next step is to do validation. Unlike the normal type 1 CG PUSCH transmission, in which the PUSCH transmission will be dropped once the PO is collided with DL parts. Since the CG-SDT is happened before/without UE accessed the system, it is necessary to rule out the invalid PO before the association, unless there could be a SSB (always) associated with it but the UE cannot actually make the transmission. In addition, 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. 
Proposal 3: 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.
Then the association between SSB-PUSCH can start from the SFN indicated by timeReferenceSFN, and following the SSB-RO association, we could also determine the SSB-PO mapping cycle(the number of POs that can map all the SSBs in one SSB period), SSB-PO association period (integer number of SDT-PUSCH period which contains at least one SSB-PO mapping cycle) and SSB-PO association pattern period (integer number of SSB-PO association period in which the SSB-PO mapping pattern is identical between two SSB-PO association pattern period). Besides, the mapping ratio, i.e., number of SSB per PO is configured by gNB and siganlled together with CG type1 configuration and such mapping ratio should not larger than 1.
Proposal 4: the mapping ratio (number of SSB per PO) is configured by gNB and no larger than 1;
Proposal 5: the SSB-PO association starts from the timeReferenceSFN indicated by gNB. 
Conclusion
This contribution discusses the CORESET/search-space design and SSB-PUSCH association for SDT. Observations and proposals are summarized as follows: 
Proposal 1: the CORESET and search space used for RA-SDT is configured in msg4.
Proposal 2: Configure the number of PUSCH transmission occasion (PO) in one SDT-PUSCH period by new parameter or re-interpret the number of repetitions configured.
Proposal 3: 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.
Proposal 4: the mapping ratio (number of SSB per PO) is configured by gNB and no larger than 1;
Proposal 5: the SSB-PO association starts from the timeReferenceSFN indicated by gNB. 
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