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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] 

Appendix A contains relevant agreements for RACH based small data transmission (SDT) from RAN2#111e and 112e. 
The work item scope in [1] includes small data transmission using 2-step RA, 4-step RA, and CG in INACTIVE. This contribution discusses RACH-based UL small data transmission, including aspects on resource configuration and selection and subsequent small data transmission.

2 Discussion
2.1 Resource selection
One objective of the WI is to minimize state transitions for small amounts of small data transmission. However, If the amount of subsequent buffered data is large, it can be more resource efficient to transition to connected mode. It was therefore agreed that the UE selects an SDT resource if the small data volume is below a configured threshold, and how the UE computes the data volume is FFS. The data volume should be computed as simply the number of bits buffered for LCHs mapped to DRBs configured for small data transmission. Such computation can be done by the UE at the time of SDT resource selection.

Proposal 1: 
The UE computes the small data volume as the total number of buffered bits for LCHs mapped to DRBs configured for small data transmission. UE computes the data volume at the time of SDT resource selection.
An FFS from last meeting is if we need to ensure that SDT data only is included in the PDU, i.e. when data from SDT DRBs and non-SDT DRBs is buffered.  This depends on whether the UE initiates legacy/normal resume. Given the UE initiates regular resume RA whenever non-SDT data is buffered for transmission -per the agreement-, there is no need to multiplex SDT and non-SDT data, which will require LCP restrictions) nor mandate the inclusion of BSR.

Observation 1: 
No special treatment is needed to ensure that data from SDT DRBs and non-SDT DRBs are not multiplexed together in the same PDU, as the UE initiates legacy normal resume procedure anyway to transition to connected mode when there is non-SDT data buffered.
Another FFS is if an “additional SDT specific” RSRP threshold is further used to determine whether the UE selects an SDT resource. Such RSRP threshold 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 2: 
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, 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 3: 
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

To support small data transmission on PRACH resources, it can be useful to enable small data transmission either on exclusive PRACH resources or PRACH resources shared with legacy UEs. Depending on the cell load, it can be beneficial to separate UEs performing RA for legacy reasons from UEs transmitting small data. One example is when sensor data is too frequent and ends up occupying most of PRACH capacity. The gNB may thus configure a subset of ROs, preambles, or associated PUSCH resources for small data transmission. 

In RAN2#112e, it was agreed that the RACH resource i.e. (RO + preamble combination) is different between SDT and non-SDT. And it’s FFS if common configuration should be allowed. At high cell loads, PRACH space portioning can result in capacity loss and potentially random-access delays to legacy UEs. It’s therefore beneficial to also support configuring PRACH resources that can be used for both small data transmission and legacy random access. 

Proposal 4: 
Support configuration of a common PRACH resource that can be shared between UEs transmitting small data and legacy UEs.

For PRACH resources shared with legacy UEs, a UE transmitting small data can be in contention with another UE supporting small data or a legacy UE not supporting small data transmission. For a 2-step RA resource, the collision can involve PRACH and PUSCH or just a single channel, depending on whether the RO is shared between 2-step and 4-step RA.  Given in NR Rel-16 ROs can be shared between 2-step and 4-step RA, a legacy UE in contention can be performing a legacy 4-step RA procedure on the same PRACH resource. To deal with such collisions without portioning the PRACH space just for small data UEs, small data UEs should support means for contention control with legacy UEs in addition to other small data UEs.
If separate RO is used for SDT and non-SDT, then the network can distinguish responses for legacy vs. SDT UEs by means of RA-RNTI or MsgB-RNTI. However, if same RO is shared between SDT and non-SDT UEs, Msg2 or MsgB need to be distinguished through separate RNTI or separate COREST/search space, especially since the design of Msg2/MsgB for SDT UE can be different -and thus can be unreadable by legacy UEs-. Such distinguishing methods can be evaluated by RAN1.
Proposal 5: 
Msg2/MsgB reception for small data RACH is distinguished from Msg2/MsgB in legacy RACH by using a separate RNTI or COREST/search space. Ask RAN1 to evaluate the alternatives.

For 2-step RA SDT, the UE can include its C-RNTI if available -or I-RNTI- part of the msgA payload, i.e. part of RRC connection resume or part of the SDT PDU for RRC-less SDT. The explicit inclusion of this RNTI can be done for RRC-less SDT PDU on a PRACH resource. 

Proposal 6: 
UE includes C-RNTI if available -or I-RNTI- part of MsgA payload for  RRC-less small data PDUs.
The I-RNTI or C-RNTI conveyed in MsgA can be used by the network to schedule MsgB or to differentiate colliding UEs. This is beneficial when the collision involves the PRACH channel only, i.e. when the contention is between a small data UE and a legacy 4-step UE on a RO shared between 2-step and 4-step RA. For example, a legacy UE can collide with an SDT UE in the preamble domain but not the PUSCH domain, and thus the network can decode the SDT payload associated with the preamble. In such case, the I-RNTI or C-RNTI included in MsgA can then be used to schedule in MsgB for contention resolution. This comes with the cost additional search space monitoring but provides increased PRACH capacity.

Proposal 7: 
UE monitors PDCCH addressed to I/C-RNTI in addition to MsgB-RNTI for MsgB reception if the I/C-RNTI or RRC resume was included in MsgA payload. Ask RAN1 to evaluate this.
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
The UE computes the small data volume as the total number of buffered bits for LCHs mapped to DRBs configured for small data transmission. UE computes the data volume at the time of SDT resource selection.

Observation 1: 
No special treatment is needed to ensure that data from SDT DRBs and non-SDT DRBs are not multiplexed together in the same PDU, as the UE initiates legacy normal resume procedure anyway to transition to connected mode when there is non-SDT data buffered.
Proposal 2: 
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 3: 
For the purpose of PRACH resource selection, UE applies SDT RSRP threshold first then applies the (2step vs. 4step) RSPR threshold second.
Proposal 4: 
Support configuration of a common PRACH resource that can be shared between UEs transmitting small data and legacy UEs.

Proposal 5: 
Msg2/MsgB reception for small data RACH is distinguished from Msg2/MsgB in legacy RACH by using a separate RNTI or COREST/search space. Ask RAN1 to evaluate the alternatives.

Proposal 6: 
UE includes C-RNTI if available -or I-RNTI- part of MsgA payload for  RRC-less small data PDUs.
Proposal 7: 
UE monitors PDCCH addressed to I/C-RNTI in addition to MsgB-RNTI for MsgB reception if the I/C-RNTI or RRC resume was included in MsgA payload. Ask RAN1 to evaluate this.
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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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