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1 Introduction
The scope of small data transmission (SDT) work item includes small data transmission using 2-step RA, 4-step RA, and CG in INACTIVE. In this contribution, we discuss remaining details of CG-based UL small data transmission procedure, including CG resource selection, PDCCH monitoring, and configuration and the related SDT procedure. 
2 Discussion
In RAN2#114e, it was agreed that “UE start a window after CG/DG transmission for CG-SDT.   FFS whether to design a new timer or to reuse an existing timer.” and “RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission”. After CG transmission in INACTIVE, the UE needs to monitor PDCCH for retransmission or to received HARQ feedback, e.g., in case the transmission fails or for a new transmission for subsequent uplink transmission. In email discussion post113-e 504 [3], some companies argued that the drx on duration timer can be reused for this monitoring. However, it was agreed that “connected mode DRX is not supported for SDT” in RAN2#103-bis-e. It is further cleaner to support a timer for CG SDT for the purpose of CG retransmissions, the value of which can be configured to the time before the UE attempts to retransmit on the CG if no DG is received. As already agreed, UE shall monitor PDCCH as usual while the timer is running, including for signalling to C-RNTI, CS-RNTI, and L1 HARQ-ACK. 
Proposal 1:
UE (re)-starts the CG-SDT timer for the HARQ process after each small data transmission on CG or DG.

Proposal 2:
UE monitors PDCCH while a CG-SDT timer is running.
In RAN2#115e, it was agreed that “CS-RNTI based dynamic retransmission mechanism can be reused for CG-SDT.  FFS whether CS-RNTI is the same one as the one previously configured in RRC_CONNECTED or a new CS-RNTI one is provided to the UE”. It is simpler to just use the CS-RNTI for CG-SDT as the same one previously configured in RRC_CONNECTED. This is sufficient and saves RRC signaling needed to configure a different one in INACTIVE state. If CS-RNTI was not configured in connected mode, it is not used in INACTIVE state as well.
Proposal 3:
The CS-RNTI for CG-SDT is the same one previously configured in RRC_CONNECTED. If CS-RNTI was not configured in connected mode, it is not used in INACTIVE state as well.
R16 already support UE autonomous retransmissions on CG, e.g., to overcome LBT failures or TB deprioritization. Such mechanism can be reused for retransmissions of SDT TBs. Since CG-based SDT lacks rigorous beam training/alignment (unlike RACH), the UE may need to retransmit the TB, especially when channel conditions vary. The autonomous retransmission can be triggered by reception of L1 HARQ feedback as NACK. The UE therefore might need to retransmit the TB, e.g., when channel/beam conditions vary. Autonomous retransmission can be triggered if no ACK is received before the expiry of the CG-SDT timer. Given a timer is used to regulate the retransmissions, autonomous retransmissions can be supported for both initial CG transmission and CG retransmissions.
Proposal 4:
Support autonomous retransmission for CG-SDT TBs after the expiry of the CG-SDT timer if the UE has not received a DG or a ACK feedback signalling for the HARQ process.
The running CR has the following editor’s note on HARQ process ID selection for the initial CG transmission:

Editor’s NOTE:
HARQ PID calculation for Small Data Transmission with configured grant type1. 
Given CG transmissions on licensed spectrum, we see no reason why HARQ PID determination should be any different, and the UE should select the process ID according the existing formula and the timing of the CG occasion. 

Proposal 5:
UE selects a HARQ process ID for CG-SDT in licensed spectrum according the existing formula and the timing of the CG occasion (no change).
Given retransmissions are also on licensed spectrum happen using the same HARQ process, due to the lack of CG-UCI signalling indicating the HARQ process and because the initial HARQ process is also not selected by UE implementation. This implies the UE performs the retransmission on the CG occasion associated with the same HARQ process. This is R15 baseline for license spectrum. 

Regarding mapping of SSBs to CG occasions, network implementation can ensure that all SSBs in a given slot can map to the same HARQ process, e.g., by using multiple CG configurations (for different SSBs) or multiplexing the CG occasions in the same slot in the frequency domain. Using multiple CG configurations is also beneficial, given there is a single UE spatial filter configured per CG configuration.
Proposal 6:
UE perform autonomous CG retransmission on the CG occasion associated to the same HARQ process.
The running MAC CR currently has the following editor’s notes:
Editor’s Note:  FFS how to trigger SSB selection for subsequent uplink transmission. 

Editor’s Note: FFS whether CG-SDT can fallback to RA-SDT if none of the SSB’s RSRP is above the threshold for subsequent CG transmission.

It would make sense to evaluate whether the CG resource is in a decent condition (at least one SSB is above the threshold) before using it for a subsequent transmission.

Proposal 7:

SSBs are evaluated and selected for each subsequent transmission on CGs.
In some cases, even though the RSRP may meet the threshold for CG-SDT resource selection, the UE may exhibit UL beam misalignment or UL synchronization issues, which can cause a repeated failure to transmit the TB. In other cases, no SSB is measured above the CG-SDT RSRP threshold, after the initial transmission attempt is made (i.e., for a subsequent SDT). In such case, it can be useful to switch to RACH based SDT to retransmit the TB after a configured number of CG retransmissions. If there is a mismatch between the TBS and the size of the payload in the RA procedure, it can be up to the UE implementation how to rebuild the TB. There is a higher chance of success using RA, given a TA is supplied within the procedure if needed.
Proposal 8:
UE switches to RACH-based SDT:
- after a configured number of autonomous retransmissions on the CG SDT resource. 
- if no SSB is measured above the CG-SDT RSRP threshold.
TB rebuilding, if needed, is up to UE implementation.
3 Conclusion

In this contribution, we discussed aspects of CG-based SDT. We make the following observations and proposals:
Proposal 1:
UE (re)-starts the CG-SDT timer for the HARQ process after each small data transmission on CG or DG.

Proposal 2:
UE monitors PDCCH while a CG-SDT timer is running.

Proposal 3:
The CS-RNTI for CG-SDT is the same one previously configured in RRC_CONNECTED. If CS-RNTI was not configured in connected mode, it is not used in INACTIVE state as well.
Proposal 4:
Support autonomous retransmission for CG-SDT TBs after the expiry of the CG-SDT timer if the UE has not received a DG or a ACK feedback signalling for the HARQ process.
Proposal 5:
UE selects a HARQ process ID for CG-SDT in licensed spectrum according the existing formula and the timing of the CG occasion (no change).
Proposal 6:
UE perform autonomous CG retransmission on the CG occasion associated to the same HARQ process.
Proposal 7:

SSBs are evaluated and selected for each subsequent transmission on CGs.
Proposal 8:
UE switches to RACH-based SDT:
- after a configured number of autonomous retransmissions on the CG SDT resource. 
- if no SSB is measured above the CG-SDT RSRP threshold.
TB rebuilding, if needed, is up to UE implementation.
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