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Introduction
According to the WID RP-193168 [1], one of the objectives is to support CG-based SDT:
	· For the RRC_INACTIVE state:
· 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]


In this paper, we discuss CG-based SDT in the aspects of transmission procedure, CG resource configuration, support of multiple-beam operation, and validity of CG resource. 
Discussion
1.1 Application scenarios for CG-based SDT
In order to initiate CG-based SDT, UE should at least meet the following two pre-conditions:
1. UE has valid TA (just as required in the WID);
2. UE has valid CG resources configuration. 
In LTE PUR, serving cell change will result in TA invalidity, i.e.  TA should be considered invalid for the new cell if UE initiates SDT in a different cell than where TA was last validated. Although it is possible that UE has valid TA when moves to different cells in certain scenario, such scenario is extremely limited and rarely available, e.g. the cells are small and exactly synchronized. Therefore, the LTE principle that serving cell change invalidates the TA is also applied to CG-based SDT. CG-based SDT is applicable for the UEs of limited mobility, staying in the same cell. 
Proposal 1: As LTE PUR, “Serving cell change” invalidates the TA, i.e. TA is considered invalid when UE initiates SDT in a different cell than where TA was last validated. 
According to observation 1, since CG-based SDT doesn’t need to support UE mobility, the CG resources for a particular UE is only configured and utilized in the serving cell. There is no need to configured CG resource for a UE in multiple cells. 
Proposal 2: As LTE PUR, CG resources for a UE is configured and valid in a single cell. 
Proposal 3: As LTE PUR, UE initiates CG-based SDT when both of the following two conditions are met: UE has valid TA and UE has valid CG resources configuration. Other conditions are FFS. 
2.2 Multiple Beam Operation for CG-based SDT
In order to perform SDT in INACTIVE, UE need to have beam alignment with the network to enable data transmission. In RA-based SDT, beam alignment with the network is acquired through random access procedure. For CG-based SDT, how to acquire beam alignment with the network needs to be considered due to skip of random access procedure. 
The similar concept as random access procedure can be reuse, i.e. relying on the association between CG resources and SSBs to acquire the initial beam alignment, just as illustrated in Figure1. Since UE can only performs SSB-based measurement in INACTIVE, the SSB measurement results are used to select the proper beam for CG-based transmission. When the network receives UL data on the CG resource, it knows on which DL beam (SSB) to send the DL response based on the association between SSBs and CG resources. When UE receives the DL response, which can be L1 ACK, UE considers that it acquires the beam alignment with the network. 
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Figure 1 Association between SSB and CG resources
The general procedure is described as follows:
1. The CG resources and the association with SSBs are provided by the network and stored as UE Inactive AS content when UE is sent to INACTIVE state; 
2. UE performs SSB-based measurement in INACTIVE and select an SSB with SS-RSRP above RSRP-ThresholdSSB amongst the associated SSBs when initiates CG-based SDT; 
3. UE receives the DL response based on the selected SSB. 
How to configure the association between SSB and CG resources should be discussed in RAN1. RAN2 need to consider how to select SSB and the associated CG resources. 
Proposal 4: The association between CG resources and SSB is configured for CG-based SDT via RRC dedicated signalling. 
Proposal 5: A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission. 
During last RAN2 eMeeting, it was agreed that UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported. It implies that the period for SDT in INACTIVE will be prolonged.  It’s possible that the beam pair used for data transfer between UE and network needs to be changed based on the channel variation as well as UE movement. One valid question is whether beam management is needed for SDT transmission in INACTIVE. 
For CG-based SDT, assuming UE is stationary or quasi-stationary, beam management may not be needed considering the stable channel environment. If UE losses the beam alignment in the rare case, UE can do some kind of fallback mechanism, e.g. fallback to RA-based SDT or normal RRC connection resume procedure, which is FFS. 
Furthermore, it is not intended to increase UE power consumption for more measurement to support the subsequent data transmission in INACTIVE. UE measurement and power consumption should be considered if beam management requires some kinds of UE measurement for SDT. Need of beam management should be discussed in RAN1. 
Proposal 6: Send LS to RAN1 to design the association between SSBs and CG resources for the purpose of beam alignment in CG-based solution and to evaluate the need of beam management for CG-based SDT. 
2.3 CG-based SDT Procedure
In LTE PUR, it has been proven that L1 ACK can optimize the resource efficiency, latency and UE power consumption and for some cases L1 signaling is sufficient to acknowledge. Therefore, L1 ACK is sent to acknowledge the PUR transmission in UL when RRC response message is not needed, which concludes the PUR procedure. The same principle can be applied to CG-based SDT. The network can respond RRC message when it wants, e.g. to perform reconfiguration or update the security. 


Figure 2 CG-based SDT
Proposal 7: As LTE PUR, RRC response message is optionally responded. 	
2.4 CG Resource Configuration and Validation
In LTE PUR, UE provides the assistant information related to the traffic pattern to help the network to make proper PUR configuration through PURConfigurationRequest when UE is in CONNECTED state. The PUR resource configuration is provided by RRCConnectionRelease message, which sends UE to IDLE. 
The same principle can be reused for CG resource configuration. When UE in CONNECED and CG-based SDT is enabled in the serving cell, UE can send CG resources request to network, which contains the assistant information. The request is optionally needed.  Whether to have a new RRC message or reuse the existing RRC message can be considered in stage-3 discussion. Then UE receives the CG resources configuration in RRCRelease with SuspendConfig. 



Figure 3 CG resources configuration
Proposal 8: As LTE PUR, UE optionally sends CG resources request, which contains the assistant information. 
Proposal 9: As LTE PUR, CG resource configuration is delivered to UE by RRCRelease message with SuspendConfig. 
In LTE PUR, the PUR configuration can be released explicitly or implicitly. When the PUR configuration is release, UE considers that the PUR configuration is not valid any more. For CG resources configuration, it can also be released explicitly or implicitly. It can be released by RRCRelease message explicitly. UE can implicitly release the CG resource configuration when it moves to another cell. Other criterion e.g. missing consecutive number of transmission occasion is FFS. 
Proposal 10: As LTE PUR, CG resource configuration can be explicitly released by RRCRelease message. 
Proposal 11: CG resource configuration is released if UE accesses to a different cell. 


Conclusion
Proposal 1: As LTE PUR, “Serving cell change” invalidates the TA, i.e. TA is considered invalid when UE initiates SDT in a different cell than where TA was last validated. 
Proposal 2: As LTE PUR, CG resources for a UE is configured and valid in a single cell. 
Proposal 3: As LTE PUR, UE initiates CG-based SDT when both of the following two conditions are met: UE has valid TA and UE has valid CG resources configuration. Other conditions are FFS. 
Proposal 4: The association between CG resources and SSB is configured for CG-based SDT via RRC dedicated signalling. 
Proposal 5: A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission. 
Proposal 6: Send LS to RAN1 to design the association between SSBs and CG resources for the purpose of beam alignment in CG-based solution and to evaluate the need of beam management for CG-based SDT. 
Proposal 7: As LTE PUR, RRC response message is optionally responded. 	
Proposal 8: As LTE PUR, UE optionally sends CG resources request, which contains the assistant information. 
Proposal 9: As LTE PUR, CG resource configuration is delivered to UE by RRCRelease message with SuspendConfig. 
Proposal 10: As LTE PUR, CG resource configuration can be explicitly released by RRCRelease message. 
Proposal 11: CG resource configuration is released if UE accesses to a different cell. 
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