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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 subsequent small data transmission and related BSR reporting.
Appendix A contains relevant agreements for the small data transmission (SDT) procedure from RAN2#111e and 112e.
2 Discussion
An objective of the WI is to support small data transmission of flexible TB sizes. Depending on the PUSCH payload size associated, the UE may not be able to transmit all buffered small data at once. It is therefore beneficial to allow the UE to transmit segmented small data SDUs, possibly including data from different DRBs in the same PDU. Restricting the small data PDU to a single DRB leads to increased padding overhead, and padding bits can also be misunderstood at the receiver as the UE doesn’t have any further buffered small data (i.e. from a different DRB). 
Proposal 1: 
UE can segment a small data SDU for transmission over multiple small data transmission opportunities. A small data PDU can include data from more than one DRB configured for small data, per the LCP procedure.

Receiving a small data PDU alone may not convey to the gNB that there is further small data expected. Therefore, the UE can indicate the need for subsequent small data transmission. The subsequent small data can be indicated either by PRACH resource partitioning or by providing an explicit indication in the payload (i.e. a BSR or a flag/bit). However, at high cell loads, PRACH space portioning can result in capacity loss and potentially random-access delays due to a higher collision probability. It is therefore preferred to include a small data BSR when there is subsequent small data, where the BSR reflects the buffered data for LCHs mapped to DRBs with configured small data. A subsequent small data flag alone doesn’t provide sufficient information to the network to determine whether it should transition the UE to connected or not, compared to a BSR.
Proposal 2: 
UE can indicate to the gNB need for subsequent small data by multiplexing a small data BSR MAC CE.

Currently, UE triggers a new BSR if new data arrives for a resumed DRB on an empty buffer, or if new data of higher priority than what’s existing in the UE’s buffer arrives, per TS 38.321. If new data arrives of the same or less priority than the data exchanged during the subsequent SDT phase, no new BSR is triggered. If the UE does not have a UL-SCH resource available to transmit the BSR MAC CE, a new SR is triggered which in turn initiates a new RA procedure -given there are no valid SR resources in inactive state-. However, if the UE has an uplink resource, say a CG for subsequent SDT, no RACH is initiated and the BSR MAC CE is transmitted on the CG.

This can be reused as is; upon new data arrival for SDT DRBs, a new BSR can be triggered using the existing BSR triggers. The UE may then initiate a new random-access procedure if it does not have UL-SCH resources to multiplex the BSR MAC CE. Should the UE receive an uplink grant on which the BSR MAC CE can be multiplexed before the next PRACH resource, the RA-SR and the BSR are both cancelled.
Proposal 3: 
A new BSR is triggered using the existing BSR triggers upon new data arrival for SDT DRBs. 

Proposal 4:
A new RA is triggered for SDT with RRC resume if there are no UL resources to transmit the BSR MAC CE and there are no valid SR resources.
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”.
However, given the UE should transition into connected mode by triggering an RRC resume request procedure if it has buffered data form a non-SDT DRB, that should be sufficient 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 int his 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.

Proposal 5: 
A new RRC Resume Request is triggered upon data arrival from a non-SDT DRB (as in legacy), which in turn can initiate a new resume RA procedure.
Proposal 6: 
UE does not resume non-SDT DRBs upon initiating a resume procedure for SDT.
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 7: 
UE re-establishes SDT DRBs upon transitioning into connected mode to ensure any remaining buffered small data is not lost.
2.1 CP forwarding for SDT

In positioning use cases, the UE can be configured to perform measurements of positioning RS (PRS) received from different TRPs/gNBs and report the PRS measurements to the Location Management Function (LMF) in the CN [3]. The Rel-16 LPP procedure is used for sending the measurement reports in NAS messages, which are forwarded to LMF via the CP (via AMF). For supporting low power targets in Rel-17, the UE is expected to perform DL positioning, including measuring PRS and reporting PRS measurements, when in RRC INACTIVE mode. Given the benefits associated with low signaling overhead, low latency and flexibility in uplink data transmission occasion, SDT can be considered for supporting the transmission of measurement reports in RRC INACTIVE mode, and it is currently being discussed in the RAN2 email discussion [4].

In this regard, certain enhancements may be considered to the SDT procedure for supporting CP forwarding of NAS messages. As per legacy RRC/NAS procedure, NAS messages can be carried in SRB1 before establishment of SRB2. The priority assigned to SRB1 is higher than SRB2. In some scenarios, it is possible for the positioning measurements reports to be sent in SRB1 so long as the UE has available resources after including data in SRB1, which includes RRC messages and other higher priority NAS messages. Since positioning measurement reports are typically assigned with low priority, they may not be carried in SRB1. 
To address this, NAS messages containing positioning measurement reports can be carried in SRB2 and multiplexed with other data in DRBs using legacy LCP procedure. Since configuration of DRBs and SRB1 are currently supported for SDT, for the purpose of enabling the transmission of all NAS messages, including positioning measurement reports, SDT should also be supported for SRB2. In this case, similar to SDT-DRBs, the UE can resume the configured SDT-SRB2 after initiating RRC Resume procedure. When resuming the SDT-SRB2, the UE can re-establish the associated SDT-PDCP entity and apply the security keys generated using the security context received in the previous RRC Release message for sending the NAS messages with integrity protection and encryption. 

SRB2 should therefore also be added to the agreement from RAN2#113e: “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).”

Proposal 8: 
Support configuring of SRB2 for small data transmission.
Proposal 9: 
Upon initiating RRC Resume procedure for SDT initiation (i.e. for first SDT transmission), the UE shall also resume SRB2, in addition to SDT DRBs and SRB1 (per previous agreement).
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
UE can segment a small data SDU for transmission over multiple small data transmission opportunities. A small data PDU can include data from more than one DRB configured for small data, per the LCP procedure.

Proposal 2: 
UE can indicate to the gNB need for subsequent small data by multiplexing a small data BSR MAC CE.

Proposal 3: 
A new BSR is triggered using the existing BSR triggers upon new data arrival for SDT DRBs. 

Proposal 4:
A new RA is triggered for SDT with RRC resume if there are no UL resources to transmit the BSR MAC CE and there are no valid SR resources.
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.
Proposal 5: 
A new RRC Resume Request is triggered upon data arrival from a non-SDT DRB (as in legacy), which in turn can initiate a new resume RA procedure.
Proposal 6: 
UE does not resume non-SDT DRBs upon initiating a resume procedure for SDT.

Proposal 7: 
UE re-establishes SDT DRBs upon transitioning into connected mode to ensure any remaining buffered small data is not lost.

Proposal 8: 
Support configuring of SRB2 for small data transmission.
Proposal 9: 
Upon initiating RRC Resume procedure for SDT initiation (i.e. for first SDT transmission), the UE shall also resume SRB2, in addition to SDT DRBs and SRB1 (per previous agreement).
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5 Appendix A: Relevant past agreements
In RAN2#111e, the following was agreed for RACH 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 RACH 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 RAN2 confirm that RACH based SDT is supported with and without UE context relocation
2 Using a RLC configuration stored in UE Context is confirmed.  List how they can be used and final decision is up to RAN3

3 Inform RAN3 on UE SDT data handling impact including using a stored RLC configuration 
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