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1 Introduction
RAN2 started work in meeting #111e on Small Data Transmission (SDT) based on the work item in [1]. The scope includes small data transmission using 2-step RA, 4-step RA, and CG in INACTIVE. In this contribution, we discuss CG-based UL small data transmission, including CG resource selection and configuration and the related SDT procedure. 
2 Discussion
CG configuration, validity, and release
The following is for further study RAN2#113e: “FFS If both carriers can be selected and CG resources are available on one carrier only, does the UE select the carrier with CG?”. Given SUL selection is for coverage limited cases, the UE should select the uplink carrier first (NUL or SUL), before considering what time of resources are available on the selected uplink.
Proposal 1:
UE selects the carrier (NUL vs. SUL) first. If the CG resources are valid and available on the selected carrier, the UE selects CG-based SDT. If there is no valid CG resource available on the selected carrier, the UE selects a RACH based SDT.

It was agreed in RAN2#113e that “From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.” Similar to legacy behaviour, the UE should release the CG SDT resource when the TA timer expires, given the network is also aware of the expiration time. 
Proposal 2:
UE releases the CG resource configuration upon expiry of the associated TA timer. 
However, when the RSRP dips below the threshold configured for TA validity, the CG resource and configuration should not be released, as in connected mode. The network typically blind decodes on the CG and doesn’t know RSRP goes below threshold for the UE. Further, some temporary beam blocking or channel disturbance should not warrant releasing the CG resource altogether. 

Proposal 3:
UE keeps the CG SDT resource configuration if measured RSRP is below the configured RSRP threshold for TA validation.
The following is also for further study “FFS Discuss further in stage 3 how to specify the agreement that CG-SDT resources are only valid in one cell (i.e. cell in which RRCRelease is received)”. Releasing the CG resource by the UE on its own upon mobility, without notifying the network, can cause issues whereby the network is still blind decoding on the resource and is not aware of the resource release. Therefore, the CG resource should be released deterministically upon changing serving cells. The UE can therefore initiate RRC Resume Request on another cell from the one from which the configuration was received, then the network can send the RRC release message that can release the CG configuration or re-configure it.
Observation 1:
UE releases the CG SDT resource upon receiving an indication in an RRC release message or upon expiry of the TA timer. Those release methods are sufficient.

Proposal 4:
Upon mobility, the UE can release the CG configuration for SDT when it receives RRC Release message from another cell from the one from which the configuration was received.
Spatial filter selection
Rel-16, the CG spatial filters are RRC configured in ConfiguredGrantConfig using srs-ResourceIndicator. In INACTIVE state, the UE can use a type 1 CG for SDT. The spatial filter is semi-statically configured so it can only be changed through an RRC reconfiguration. However, the optimal spatial filter may be different when the UE is in the INACTIVE state compared to when the SRI was configured. For example, a TRP can dynamically change its spatial filter. When the UE transmits a CG, this can generate a mismatch between the transmit and receive spatial filters at the UE and TRP, respectively. 
It was agreed to enable a selection of a CG resource based on RSRP. In INACTIVE, a UE measures SSB-RSRP. Then, by associating a CG to a SSB, the UE can determine to use a CG and the spatial filter for the CG based on the best SSB-RSRP. RAN1 agreed to support configuring an association whereby each CG has a one-to-many association; the same CG can be configured to be associated to multiple SSBs.
Observation 2:
One-to-many association between a CG and SSBs is supported [2]. This can be beneficial when the optimal UE spatial filter changes dynamically.
In RAN1’s reply LS [2], the following options were identified for configuring the association between the CGs and SSBs: 

· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule. Reuse the SSB-to-RO mapping as the baseline

· Opt. 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling.
From a configuration perspective, option 2 is simpler, as each CG can be configured with one or more associated SSBs. This should not have any RAN1 impact, as the UE should simply select the CG associated with the best measured SSB-RSRP, similar to RO selection.
Proposal 5:
RRC configures each CG SDT resource with one or more associated SSBs. 
When the CG resource cannot be selected because the measured SSB-RSRP on the associated SSB is lower than the RSRP threshold configured for CG selection, the UE should consider the CG resource as invalid and switch to RACH-based SDT. 

Proposal 6:
UE considers the CG resource not valid if the measured RSRP for the associated SSB is below the configured threshold for CG selection. 
SDT Procedure
In general, the UE should select the CG resource for SDT if it is valid and available over selection of a RACH based SDT resource. However, if CG resources in the cell become invalid, either due to not having a valid TA or due to not meeting the RSRP threshold configured for CG selection, the UE should select RACH based SDT resources. Keeping in mind that SDT selection RSRP threshold is common to both RACH and CG, it is more probable that the UE meets the RSRP threshold for SDT but not the RSRP threshold for CG selection, as CG can support higher TB sizes.
Proposal 7:
When there is no valid CG for selection, the UE selects RACH-based SDT. 
After CG transmission in INACTIVE, the UE needs to monitor PDCCH for retransmission if 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, the drx cycle cannot always be aligned with the CG occasion, and the periodicity of the CG is likely much shorter than that of the drx cycle, especially since the CG is issued for subsequent small data transmissions.
Proposal 8:
UE monitors PDCCH while a timer is running, which is after each CG/DG small data transmission.
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.
Proposal 9:
Support autonomous retransmission for CG-SDT TBs, at least for the first CG transmission.
In some cases, even though the RSRP may meet the threshold, the UE may exhibit bad channel conditions, UL beam misalignment, and UL synchronization issues, which can cause a repeated failure to transmit the TB. Therefore, it can be useful to switch to RACH based SDT to retransmit the TB after a configured number of consecutive failures. 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 10:
the UE switches to RACH-based SDT after a configured number of consecutive failures on a CG SDT resource. 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 selects the carrier (NUL vs. SUL) first. If the CG resources are valid and available on the selected carrier, the UE selects CG-based SDT. If there is no valid CG resource available on the selected carrier, the UE selects a RACH based SDT.

Proposal 2:
UE releases the CG resource configuration upon expiry of the associated TA timer. 
Proposal 3:
UE keeps the CG SDT resource configuration if measured RSRP is below the configured RSRP threshold for TA validation.
Observation 1:
UE releases the CG SDT resource upon receiving an indication in an RRC release message or upon expiry of the TA timer. Those release methods are sufficient.

Proposal 4:
Upon mobility, the UE can release the CG configuration for SDT when it receives RRC Release message from another cell from the one from which the configuration was received.
Observation 2:
One-to-many association between a CG and SSBs is supported [2]. This can be beneficial when the optimal UE spatial filter changes dynamically.

Proposal 5:
RRC configures each CG SDT resource with one or more associated SSBs. 
Proposal 6:
UE considers the CG resource not valid if the measured RSRP for the associated SSB is below the configured threshold for CG selection. 
Proposal 7:
When there is no valid CG for selection, the UE selects RACH-based SDT. 
Proposal 8:
UE monitors PDCCH while a timer is running, which is after each CG/DG small data transmission.

Proposal 9:
Support autonomous retransmission for CG-SDT TBs, at least for the first CG transmission.
Proposal 10:
the UE switches to RACH-based SDT after a configured number of consecutive failures on a CG SDT resource. TB rebuilding, if needed, is up to UE implementation.
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