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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. Appendix A contains relevant agreements for CG-based small data transmission (SDT) from RAN2#111e and 112e.
2 Discussion
CG configuration

It was agreed last meeting that the CG configuration is included in the RRC release message. It remains FFS whether the CG can be determined through other dedicated signalling. Such RRC release message can be provided in Msg4 or MsB, to provide the UE with a CG for subsequent transmission for example. It is therefore sufficient to configure the CG for SDT using RRC release message.
To offload SDT traffic from the initial bwp, it can be beneficial to indicate which BWP the CG is configured. By default, the CG is on the same bwp from which the RRC resume request. The UE should be informed of which BWP is active so that it may use the CG resources configured for the active BWP. The BWP index can be included in the RRC Release message so the UE can switch its active BWP to perform SDT on the associated CG. 
Proposal 1:
The BWP index is included in RRC Release message. 
TA timer and CG validity
Last meeting, it was agreed that a new timer for TA maintenance should be introduced. It is signalled through the RRC Release message. When the UE is transitioned to INACTIVE, the new TA timer is started. The details of the timer remain FFS. With respect to the validity, the UE can assume a TA is valid for the duration of the TA timer. While TA is valid, the UE can assume it is synchronized so the UE can accurately determine the time/frequency location of CG resources. 
Proposal 2:
UE assumes CG resources are valid if the TA timer is running. 
The UE can still perform TA acquisition procedure through RACH although less frequently than in CONNECTED state. In this case, the behaviour of the timer should also be specified. Whenever the UE performs TA acquisition and the timer is still running, we can consider that the timer is reset. If the timer already expired, and a UE performs TA acquisition and re-starts the timer so the UE can use CG-based resources. 
Proposal 3:
UE (re)-starts the timer upon receiving a TA command.
Upon expiry of the timer, the UE should remain in INACTIVE state. In this situation, the synchronization cannot be guaranteed. So the UE should switch to RACH-based transmission and keep the CG configuration for when the UE receives another TA value. Once the UE gets a TA update (e.g. in RAR after TAT expiry), the UE can resume using the same CG without requiring the network to send another RRC resume message to provide the configuration. Also, in some cases the TAT might expiry due to LBT failure on the DL, i.e. blocking the reception of a TA command, which should not warrant discarding the CG configuration.
Proposal 4:
When the timer expires, the UE switches to RACH-based SDT and keeps the CG configuration. 
When the UE has CG resources on the NUL and the SUL, the UE should perform carrier selection first (e.g. part of the initial RA procedure) then select the CG resource on the selected uplink carrier.
Proposal 5:
If multiple CGs are configured on the SUL and the NUL, the UE preforms uplink carrier selection first (per the initial RA procedure) then selects the CG associated with the selected carrier. 
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. 
Observation 1: 
The optimal UE spatial filter can change dynamically and can differ from CG configuration. 
It is FFS how the CG is selected and how candidate beams are configured. Last meeting 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. There are two different options that can be considered. First, a one-to-one association between a CG and a SSB. Multiple CGs are configured where each one has its own SRI. Other than the SRI, the multiple CG resources will be configured identically. The second option is to have a one-to-many association where the same CG is associated to multiple SSBs. Compared to option 1, option 2 requires an enhancement to enable a CG to be configured with multiple SRIs. Option 2 saves in configuration complexity since only one CG is configured. Option 2 is therefore preferred to reduce overhead.
Proposal 6: 

Support one-to-many association between a CG and SSBs.  
3 Conclusion

In this contribution, we discussed aspects of CG-based SDT. We make the following observations and proposals:
Proposal 1:
The BWP index is included in RRC Release message. 
Proposal 2:
UE assumes CG resources are valid if the TA timer is running. 
Proposal 3:
UE (re)-starts the timer upon receiving a TA command.
Proposal 4:
When the timer expires, the UE switches to RACH-based SDT and keeps the CG configuration. 
Proposal 5:
If multiple CGs are configured on the SUL and the NUL, the UE preforms uplink carrier selection first (per the initial RA procedure) then selects the CG associated with the selected carrier. 
Observation 1: 
The optimal UE spatial filter can change dynamically and can differ from CG configuration. 
Proposal 6: 

Support one-to-many association between a CG and SSBs.  
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5 Appendix A: Relevant past agreements
In RAN2#111e, the following was agreed for CG-based small data transmission (SDT): 

1
Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  

2
RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority

5
The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE

6
The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH.

7
Small data transmission is configured by the network on a per DRB basis

8
Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  


FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT

9
UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 

10
When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  

In RAN2#112e, the following was agreed for CG-based small data transmission (SDT): 
	Agreements:

1   For small data, for RACH and CG based solutions when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): 

-
MAC is reset and default MAC cell group configuration is released 

-
RLC entities for SRB1 are re-established 

-
SRBs and DRBs are suspended except SRB0

NOTE: SDT termination will be discussed with later papers
2
For both RACH and CG based solutions, upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT DRBs that are configured for small data transmission (along with the SRB1). FFS for non-SDT DRBs. FFS on implicit vs. explicit.  FFS on whether we a new Resume cause.  FFS on whether we need to deal with suppressing PDCP status report 

3  
The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message):

-
CCCH message (needs to be included)

LCP can be used to determine to priority of the content below that may be included

-
DRB data from one or more DRBs which are configured by the network for small data transmission 

-
MAC CEs – (e.g. BSR).  FFS other MAC CEs 

-
Padding bits


FFS if we need to ensure that SDT data only is included.  Depends on whether the UE initiates legacy/normal resume 

4
For RACH and CG, the existing UAC procedure to determine whether access attempt is allowed, will be reused for SDT.

5
SDT is transparent to NAS layer (i.e. NAS generates one of the existing resume causes and AS decides SDT vs non-SDT access)

6 
In case of RRC-based solution, for both RACH and CG based solutions, the CCCH message contains ResumeMAC-I generated using the stored security key for RRC integrity protection – i.e same as Rel-16.

7    For both RACH and CG based solutions, new keys are generated using the stored security context and the NCC value received in the previous RRCRelease message (i.e. same as legacy procedure) and these new keys are used for generating the data of DRBs that are configured for SDT.

8
For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. 
9
Determine if RAN1 LS is needed later – current list of possible questions input on the coreset/search space for the C-RNTI (i.e. is it common or dedicated)

10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 

-
If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.

-
If ROs for SDT and non SDT are same, preamble partitioning is needed

FFS if common configuration should be allowed
11:
If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT




Agreements:

1 The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message.  FFS if other dedicated messages can configure CG in INACTIVE CG. Configuration is only type 1 CG with no contention resolution procedure for CG. 

2 The configuration of configured grant resource can include one type 1 CG configuration.  FFS if multiple configured CGs are allowed

3 A new TA timer for TA maintenance specified for configured grant based small data transfer in RRC_INACTIVE should be introduced.  FFS on the procedure, the validity of TA, and how to handle expiration of TA timer.  The TA timer is configured together with the CG configuration in the RRCRelease message.

4 The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.  FFS for other CG validity criteria (e.g. timer, UL/SUL aspect, etc)

5 The UE can use configured grant based small data transfer if at least the following criteria is fulfilled (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured and valid; (3) UE has valid TA.  FFS for the candidate beam criteria.  

6 From RAN2 point of view:  An association between CG resources and SSBs is required for CG-based SDT.  FFS up to RAN1 how the association is configured or provided to the UE.  Send an LS to RAN1 to start the discussion on how the association can be made.   Mention that one option RAN2 considered was explicit configuration with RRC Release message

7 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.
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