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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 (e.g. periodic heartbeat or stay-alive signals, surveillance updates, periodic video stream, non-periodic video based on motion sensing). Requiring the UE to move to connected mode for such small data or signalling thus affects power consumption considerably. 

A new 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] 

· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]

With 2-step RA and configured grants supported in NR, UL small data transmission can be enabled without necessarily transitioning to connected mode. The 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 selection, retransmissions, and need for subsequent small data transmission. Our companion contribution [3] discusses our views on the requirements needed to support small data transmissions and on the general scope of the WI.
2 Discussion
2.1 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.
Proposal 1: 
A subset of PRACH resources can be configured exclusively for small transmission.

However, 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 2: 
A PRACH resource can be shared between UEs transmitting small data and legacy UEs.

2.2 RA procedure

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.
Proposal 3: 
UE supports means to control contention between a legacy RA UE and a UE transmitting small data on the same PRACH resources.
For 2-step RA, the UE can include its I-RNTI part of the msgA payload. This 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. The small data UE thus monitors PDCCH addressed to I-RNTI for reception of MsgB. The I-RNTI included in MsgA can then echoed in MsgB for contention resolution.
Proposal 4: 
UE includes I-RNTI part of MsgA payload if small data is included in the payload.
One objective of the WI is to minimize state transitions for small amounts of small of data. For small data retransmissions (e.g. due to UL timing miss-alignment, poor radio conditions, or contention with other UEs), the UE should support retransmissions within INACTIVE state, i.e. without needing to transition to connected mode.
Retransmission are already supported for Msg3 and MsgA, i.e. by relying on the expiry of the contention resolution timer or the msgB reception timer, respectively. For 4-step RA, the UE restarts the procedure from Msg1, as the gNB may not be able to differentiate colliding UEs that used the same msg3 grant.
Proposal 5: 
Support small data retransmissions without transitioning to connection mode.
An objective of the WI is to support small data transmission of flexible TB sizes. Depending on the PUSCH payload size associated with the PRACH resource, the UE may not be able to transmit all buffered small data at once. It is therefore beneficial to allow the UE to indicate the need for subsequent small data transmission or preference to transition into connected mode to transmit further data. 
If the amount of subsequent buffered data is large, it can be more resource efficient to transition to connected mode. The UE can be configured with a small data buffer size threshold, whereby the UE then includes RRC signaling part of the small data payload to indicate preference to transition into connected mode if the amount of buffered data is above the threshold. 
Proposal 6: 
UE indicates to the gNB preference to transition into connected mode if the amount of buffered small data is above a configured threshold.
If the amount of buffered small data is below the threshold to transition to connected mode, the UE keeps transmitting subsequent small data while in INACTIVE. However, it can be useful to indicate the need to transmit subsequent small data, e.g. when the payload is larger than the TBS of the PUSCH resource.
Proposal 7: 
UE indicates to the gNB need for subsequent small data if the amount of buffered small data is above a configured threshold.
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
A subset of PRACH resources can be configured exclusively for small transmission.

Proposal 2: 
A PRACH resource can be shared between UEs transmitting small data and legacy UEs.

Proposal 3: 
UE supports means to control contention between a legacy RA UE and a UE transmitting small data on the same PRACH resources.
Proposal 4: 
UE includes I-RNTI part of MsgA payload if small data is included in the payload.
Proposal 5: 
Support small data retransmissions without transitioning to connection mode.
Proposal 6: 
UE indicates to the gNB preference to transition into connected mode if the amount of buffered small data is above a configured threshold.
Proposal 7: 
UE indicates to the gNB need for subsequent small data if the amount of buffered small data is above a configured threshold.
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