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1. Introduction
In the RAN1 #104b-e meeting, Rel.17 small data transmission was discussed. Some conclusions were made as below [1].
Conclusion:

· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.

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 further provide our considerations on remaining issues on RACH based small data transmission (RA-SDT) and configured grant based small data transmissions (CG-SDT).

2. Discussion
2.1 RACH based small data transmission (RA-SDT)
For CORESET configuration on RA-SDT, it is straightforward to use common CORESET to monitor the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT because common CORESET is already defined and can be configured by MIB or PDCCH-ConfigCommon without any dedicated signalling. 
Comparing with common CORESET, UE-specific CORESET can offer more capacity and flexibility to separate search space for RA-SDT. But the mobility of UE in RRC_INACTIVE is limited due to unavailable UE-specific CORESET when UE moves to neighbor cell. In addition, compared with CSS (common search space), USS (UE-specific search space) has the same UE mobility issue as UE-specific CORESET although USS can offer more capacity and flexibility to PDCCH for RA-SDT.
Based on the discussion in the RAN1#104e meeting [4], the type of CORESET is associated with the type of separate search space for RA-SDT. RAN1 already sent reply LS [3] to request RAN2 to decide if the separate search space is UE-specific or common to the UEs performing RA-SDT in RAN1#104-e meeting. It is better to wait for RAN2’s decision on the type of separate search space and then we can determine UE-specific CORESET or common CORESET for RA-SDT based on the conclusion for separate search space.
Proposal 1: UE-specific CORESET or common CORESET for RA-SDT can be determined based on RAN2’s decision on the type of separate search space.
2.2 Configured Grant based small data transmissions (CG-SDT)
Based on the agreement in the last meeting [1], the association between the SSBs and the CG resources per CG configuration for CG-SDT need be defined.
	· 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.


Regarding SSB-to-PUSCH resource mapping, reusing the SSB-to-RO mapping rule can save the signaling overhead compared with the method of SSB-to-PUSCH resource mapping explicitly indicated by higher layer signaling.
Proposal 2: Define the SSB-to-PUSCH resource mapping within the CG configuration based on the SSB-to-RO mapping rule.
It is further proposed that one SS/PBCH block is associated with a number [image: image1.wmf]N

 of TOs (transmission occasion) of the CG configuration and mapping ratio between SS/PBCH blocks and TOs of the CG configuration can be configured by RRC signaling within the association period as shown in Figure 1 and Figure 2. 
As shown in Figure 1 and Figure 2, mapping ratio between SS/PBCH blocks and TOs of the CG configuration can be configured as 1:1 (one SS/PBCH block associated with one TO) or 1:2 (one SS/PBCH blocks associated with two TOs). The association period is integer number of CG period and is configured by high layer signaling. Starting of the association period is SFN 0.
Proposal 3: For CG-SDT, mapping ratio between SS/PBCH blocks and TOs of one Type1 CG configuration can be configured by RRC signaling within the association period. The association period is integer number of CG period starting from SFN0 and is configured by high layer signaling. 
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Figure 1: Association ratio (1:1) between SS/PBCH blocks and TOs of one type 1 CG configuration
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Figure 2: Association ratio (1:2) between SS/PBCH blocks and TOs of one type 1 CG configuration
In addition, PUSCH repetition mechanism should be supported for CG-SDT because the reliability of small data transmission can be improved by PUSCH repetition mechanism. When PUSCH repetition is applied for CG-SDT, one SS/PBCH block should be associated with one TO bundle including K TOs corresponding to the K repetitions. As shown in Figure 3, if 2 repetitions are applied for CG configuration and mapping ratio between SS/PBCH blocks and TOs is 1:1, one SS/PBCH blocks should be associated with one TO bundle including 2 TOs, i.e. SSB1 corresponds to TO0 and TO1, SSB2 corresponds to TO2 and TO3.
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Figure 3: Association mechanism between SS/PBCH blocks and TOs of one type 1 CG configuration with repetitions
Proposal 4: PUSCH repetition should be supported for CG-SDT. When PUSCH repetition is applied for Type1 CG configuration during CG-SDT, SS/PBCH blocks should be associated with one TO bundle including K TOs corresponding to the K repetitions.
3. Conclusions
In this contribution, our proposals on small data transmission are as follows:
Proposal 1: UE-specific CORESET or common CORESET for RA-SDT can be determined based on RAN2’s decision on the type of separate search space.
Proposal 2: Define the SSB-to-PUSCH resource mapping within the CG configuration based on the SSB-to-RO mapping rule.
Proposal 3: For CG-SDT, mapping ratio between SS/PBCH blocks and TOs of one Type1 CG configuration can be configured by RRC signaling within the association period. The association period is integer number of CG period starting from SFN0 and is configured by high layer signaling.
Proposal 4: PUSCH repetition should be supported for CG-SDT. When PUSCH repetition is applied for Type1 CG configuration during CG-SDT, SS/PBCH blocks should be associated with one TO bundle including K TOs corresponding to the K repetitions.
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