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1 Introduction
Transitioning from inactive into connected mode just to send a small amount of data creates increased signaling overhead in the network and increased battery consumption. For devices supporting eMBB services, applications can have frequent background small data (e.g. app refresh data, notifications etc.), which may be periodic or aperiodic. Further, sensors and IoT devices may have considerable amount of signalling and small data. Requiring the UE to move to connected mode for such small data or signalling thus affects power consumption considerably. 

A work item on NR small data transmissions in inactive state agreed in [1] includes the following objective:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):

· General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]

· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 

The work item scope in [1] includes small data transmission using 2-step RA, 4-step RA, and CG in INACTIVE. This contribution discusses handling arrival of non-SDT data, SDT resource selection, and search space monitoring upon successful completion of RA-SDT.
2 Discussion
In RAN2#112e it was agreed that: “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”. It was also FFS “if we need to ensure that SDT data only is included in the SDT PDU.  Depends on whether the UE initiates legacy/normal resume”. In RAN2#113e it was further agreed that: ”The UE behaviour for handling of non-SDT data arrival after sending the first UL data packet is fully specified (i.e. not left to UE implementation)”
The UE should transition into connected mode by triggering an RRC resume request procedure if it has buffered data from a non-SDT DRB, and the UE should not resume non-SDT DRBs in INACTIVE state (e.g. upon initiating the resume procedure for SDT in a RA previously initiated for small data transmission while in INACTIVE state). The UE shouldn’t use an SDT resource to transmit data from non-SDT DRBs, and the UE should always transition to connected to transmit data from non-SDT bearers. Therefore, non-SDT DRBs should not be resumed in INACTIVE in general.  This would settle the two FFSs, ensure that SDT resources are only used to transmit data from SDT DRBs (i.e. by having the UE trigger a new RRC Resume request), and also ensure that a BSR MAC CE triggered by data arrival from an SDT DRB only contains data reports from SDT LCHs.
Observation 1: 
Not resuming non-SDT DRBs upon initiating resume ensures that SDT resources are only used to transmit data from SDT DRBs and also ensures the BSR MAC CE only reflects data from those DRBs.
If non-SDT DRBs are resumed, data arrival from such DRBs can trigger a BSR in INACTIVE state, which isn’t desirable given such data cannot be transmitted in this state. One may argue this may be beneficial to notify the network of existence of other non-SDT new data, e.g. when all of those non-SDT DRBs are in the same LCG. However, this can be a redundant notification as the network should anyway know the existence of such new non-SDT data from the reception of the RRC resume request, i.e. part of the legacy/normal resume procedure triggered within AS.

Proposal 1: 
A new RRC Resume request is triggered within AS upon data arrival from a non-SDT DRB (as in legacy), which in turn can initiate a new resume RA procedure.

UE can modify the resume cause to explicitly differentiate new Resume Request (triggered by arrival of non-SDT data) from RRC Resume Request already transmitted to initiate the SDT session. The UE may select a different resume cause or considering there are several spare bits a new resume cause may be defined. 
Proposal 2: 
RRC Resume request triggered by arrival of non-SDT data is explicitly differentiated from SDT Resume request via a different resume cause. FFS: whether new resume cause is chosen from existing options or a new resume cause is defined.
Once potential issue raised in previous discussion is that by triggering a separate RRC Resume Request while another is ongoing, the ResumeMAC-I will be repeated for subsequent Resume Requests possibly leading to security concerns. However, this can already occur, for example if UE receives RRC Reject to first Resume Request and attempts a second Resume Request on the same cell. Providing an explicit resume cause can also clearly indicate to the network why this RRCresume procedure is transmitted again, which should alleviate the security issue.
The question is then: what happens with ongoing subsequent small data transmission when new data arrives from non-SDT DRBs? In such case, the UE triggers an RRC resume request and a legacy resume procedure, and the UE can stop transmitting subsequent small data in INACTIVE state.  Once the UE receives a resume message to move to connected mode, the UE can then re-establish non-SDT data to ensure that remaining data buffered for SDT-DRBs is not lost and can be transmitted in connected mode. 
Proposal 3: 
UE re-establishes SDT DRBs upon transitioning into connected mode to ensure any remaining buffered small data is not lost.
Alternatively, in RAN2#113e it was FFS: RAN2 will consider the additional option of using DCCH message to indicate arrival of non-SDT data (details to be discussed).  In this case, a DCCH message would be triggered to indicate arrival of data over non-SDT RBs. Considering DCCH message uses SRB1, the security context would have already been resumed. This works if the UE will transmit the DCCH message only on dedicated grants, as typically the UE has an RRC connection prior to transmitting a DCCH message and the ul-DCCH-message is intended for transmission on dedicated grants. Non-SDT data can arrive before the receiving a CG for subsequent small data, and in such case the UE does not have a dedicated grant. Transmission of DCCH messages on MgsA/Msg3 grants can face contention and the UE identity is not necessarily known, and the UE context may also be unknown for a RA at the target gNB. This solution could be further studied provided it can be decoded for msg3/msgA as well.
2.1 SDT Resource selection

From RAN2#113e, the following are FFS: RSRP threshold to select between SDT and non-SDT procedure; and FFS: also whether this RSRP threshold to select between SDT and non-SDT procedure is used for CG-SDT, RA-SDT, or both and whether the RSRP threshold is the same for CG-SDT and RA-SDT. FFS when the RSRP threshold check is made
An “additional SDT specific” RSRP threshold to determine whether the UE selects an SDT resource can be beneficial to ensure the UE is in good radio conditions prior to transmitting a small data payload, especially since small data PDUs can be larger than the typical CCCH payload size. Further, this additional SDT resource selection criterion is important for CG-based SDT, as the UL transmission has a higher probability of timing miss-alignment/miss-synchronization when the UE is far from the cell.

Proposal 4: 
An additional SDT RSRP threshold is used to determine whether the UE can select an SDT resource (RACH or CG SDT resource). If the RSRP is below the SDT RSRP threshold, the UE does not select an SDT resource and initiates a legacy non-SDT RACH.
With the SDT RSRP selection criterion, one issue is in which order does the UE apply it when 2-step RACH  SDT resources are configured (i.e. FFS when the RSRP threshold check is made), as those resource are also only selectable if RSRP is above the configured 2-step RA RSRP threshold.  Does the UE compare the RSRP to the SDT RSRP threshold first or the 2-step RA RSRP threshold first? Since the intention of the SDT RSRP threshold is to avoid small data payload transmission in INACTIVE when the UE is bad radio conditions, the SDT RSRP threshold should be applied first. If the RSRP is above the SDT RSRP threshold, the UE then selects 2-step or 4-step SDT PRACH per the 2-step RSRP threshold. If the RSRP is below the SDT RSRP threshold, the UE does not perform SDT on RACH and follows legacy RACH behavior (i.e. for the selects 2-step vs 4-step PRACH per the 2-step RSRP threshold). 
Proposal 5: 
For the purpose of PRACH resource selection, UE applies SDT RSRP threshold first then applies the (2step vs. 4step) RSPR threshold second.

2.2 Resource configuration for RA-SDT
In LS R1-2102125, RAN1 provides the following conclusions are provided for RA-SDT:

· From RAN1 perspective, at least a separate SearchSpace that is different from the existing common SearchSpace should be supported for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT

· It is up to RAN2 decision if the separate SearchSpace is UE-specific or common to the UEs performing RA-SDT

· If the separate SearchSpace is not configured, type-1 PDCCH CSS can be reused.
· FFS UE-specific CORESET or common CORESET
To align with RAN1 agreements the following is proposed for RA-SDT:
Proposal 6: 
For PDCCH monitoring addressed to C-RNTI after successful completion of the RA, UE monitors a SDT-separate search space if configured; UE monitors common search space otherwise.
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
A new RRC Resume request is triggered within AS upon data arrival from a non-SDT DRB (as in legacy), which in turn can initiate a new resume RA procedure.

Proposal 2: 
RRC Resume request triggered by arrival of non-SDT data is explicitly differentiated from SDT Resume request via a different resume cause. FFS: whether new resume cause is chosen from existing options or a new resume cause is defined.
Proposal 3: 
UE re-establishes SDT DRBs upon transitioning into connected mode to ensure any remaining buffered small data is not lost.

Proposal 4: 
An additional SDT RSRP threshold is used to determine whether the UE can select an SDT resource (RACH or CG SDT resource). If the RSRP is below the SDT RSRP threshold, the UE does not select an SDT resource and initiates a legacy non-SDT RACH.
Proposal 5: 
For the purpose of PRACH resource selection, UE applies SDT RSRP threshold first then applies the (2step vs. 4step) RSPR threshold second.

Proposal 6: 
For PDCCH monitoring addressed to C-RNTI after successful completion of the RA, UE monitors a SDT-separate search space if configured; UE monitors common search space otherwise.
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