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Introduction
[bookmark: _Hlk54275813]The work item on NR small data transmissions in inactive state agreed in [1] includes the following objective:
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
The work item scope includes small data transmission using 2-step RA, 4-step RA, and CG in INACTIVE. In this contribution, we discuss the aspects related to spatial filter selection and maintenance for CG-based SDT in INACTIVE state.  
INACTIVE state beam pair for CG-based SDT
In NR, a UE attaches to a cell by determining the best possible beam pair during initial access. The beam pair consists of a spatial filter at the gNB and one at the UE. The procedure is performed using a RACH procedure where the gNB sweeps through multiple spatial filters using different SSBs associated to RACH occasion. The UE measures the RSRP on the SSBs and reports its preferred beam using a preamble from the RACH occasion associated to the best SSB-RSRP above a threshold. In CONNECTED mode, CSI-RS can also be used to determine the best beam pair. The UE is configured to perform CSI reports which report to the gNB up to 4 SSBRI or CRI along with the corresponding RSRP. 
When the UE transitions to INACTIVE state, it only performs SSB-RSRP measurements and the UE does not report CSI. When the UE performs a SDT in INACTIVE, gNB and UE need to have the same understanding on which beam pair to use so the transmit and receive spatial filters can be adjusted to maximize the SDT’s signal quality. If a RACH-based procedure is used, then the UE transmits a preamble which can signal to the gNB the preferred spatial filter. However, in a CG-based method, the SDT does not include a preamble. This can lead to an ambiguity between gNB and UE on which beam pair to use for the SDT.
Observation 1:		In a CG-based SDT, the UE does not indicate to the gNB a selected best SSB or CSI-RS. The gNB needs such information to set the reception spatial filter.

Enhancements may be needed to ensure the UE and gNB use the same beam pair for transmission and reception of a CG-based SDT. We can consider that if a RACH-based procedure is performed prior to a CG-based SDT, then beam alignment is possible and the CG-based SDT resource can be selected. We propose to introduce a timer which is triggered when the UE performs a RACH procedure. Within the timer period, the UE assumes the beam pair used for the RACH procedure is in effect and can be used for a CG-based SDT. When the timer expires, the beam pair is assumed to be outdated and the UE triggers a RACH-based SDT.
Proposal 1:	UE selects a PRACH resource for SDT if the time elapsed since the last successful RACH is above a configured threshold, even if CG-SDT resources are available.  

Even if the UE and gNB agree on the same beam pair to use, it could be a sub-optimal beam pair. For example, the CG-SDT can be configured to use a spatial relation as part of the ConfiguredGrantConfig IE; however, when the UE selects the CG-SDT resource, it is no longer the best pair. This could be cause by UE movement in a cell, blockage, or device rotation where the UE’s orientation with respect to the gNB changes. It could also be due to the CG-SDT being configured with a spatial relation measured using a CSI-RS which is not available in INACTIVE state. This issue is most problematic when there is a large time gap between the time when the UE transmits on the CG-SDT and the last RACH procedure. 
Observation 2:		The UE can be unaware of whether the transmission spatial filter is still the best one to use prior to SDT on a configured grant, especially when the time elapsed since the last RACH procedure is large.   

Using the same outdated beam pair can cause many failures and retransmissions due to poor signal quality. One possibility is to make use of multiple spatial filters to provide beam diversity. The UE can perform an autonomous retransmission on a CG-SDT resource and on a different beam than the initial transmission. The retransmission can be triggered for example based on SSB-RSRP less than a threshold. For example, the UE can be configured to use beam pair 1 on CG resource 1, and beam pair 2 on CG resource 2. Next time the UE performs CG-SDT, it uses CG resource 1 with beam pair 1 because the UE used beam pair 1 the last time it initiated a RACH procedure. The UE also measured the SSB-RSRP of beam pair 1 to be below a threshold so it performs a retransmission on CG resource 2 using beam pair 2. 
Proposal 2:	The UE can autonomously retransmit an unacknowledged small data PDU on a subsequent CG occasion using a different spatial filter if SSB-RSRP is less than a configured threshold.  

Conclusion
In this contribution, we provided our views on INACTIVE state spatial filter maintenance and make the following observations and proposals:

Observation 1:		In a CG-based SDT, the UE does not indicate to the gNB a selected best SSB or CSI-RS. The gNB needs such information to set the reception spatial filter.
[bookmark: _GoBack]Observation 2:		The UE can be unaware of whether the transmission spatial filter is still the best one to use prior to SDT on a configured grant, especially when the time elapsed since the last RACH procedure is large.   
Proposal 1:	UE selects a PRACH resource for SDT if the time elapsed since the last successful RACH is above a configured threshold, even if CG-SDT resources are available.  
Proposal 2:	The UE can autonomously retransmit an unacknowledged small data PDU on a subsequent CG occasion using a different spatial filter if SSB-RSRP is less than a configured threshold.  
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