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1. Introduction
NR supports INACTIVE state. UEs with small and intermittent data may generally be maintained in INACTIVE state by the network. However, until Rel-16, INACTIVE state doesn’t support UP data transmission and this results in additional signaling overhead and unnecessary power consumption when UE has infrequent small data transmissions. In this contribution we highlight the potential benefits of enabling smalldata transmissions in INACTIVE and propose a way forward on the solutions for smalldata transmission in Rel-17. 
2. Justification for enhancements to support Smalldata transmission 
2.1. Signalling overhead for smalldata in NR
The following pictures summarise the mechanisms in NR to enable small-data transmission from INACTIVE state until Rel-16. 
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Figure 1: Existing mechanisms for smalldata transmission in NR until Rel-16
As can be seen, even with the basic building blocks such as the INACTIVE state in Rel-15 and the 2-step RACH in Rel-16, NR smalldata transmissions still require significant signaling overhead for the system and the associated power consumption on the UE side. Note that this also results in higher latency for the smalldata packets which is undesirable.
Given this, companies have rightly brought the topic of enabling smalldata transmission enhancements for INACTIVE state in Rel-17 ([1] … [10]). 
Observation 1: Even with the basic building blocks for smalldata transmission (i.e. INACTIVE state and 2-step RACH), NR, until Rel-16, is not optimal in terms of signaling overhead and battery efficiency for handling infrequent smalldata transmissions
2.2. Use cases for small data optimizations 
Small and infrequent data transmissions are typical in networks today and this is common to both smart phone applications as well as other devices such as wearables, sensors, smart meters etc. As noted in [10], specific usecases for smalldata transmission include: 
· Smartphone applications: 
· Traffic from Instant Messaging services (whatsapp, QQ, wechat  etc)
· Heart-beat/keep-alive traffic from IM/email clients and other apps
· Push notifications from various applications
· As noted in [11], the typical small data generated by background applications in a smartphone have a packet size around 50 bytes and a inter-arrival time of around tens of seconds. Such applications are very much suitable target use cases for this work.
	
Figure 4.2.1-3: Light Background Traffic - Packet Inter-Arrival Time CDFs (uplink)
	
Figure 4.2.1-6: Light Background Traffic - Packet Size CDFs (uplink)

	Source: 3GPP TR 36.822 [11]


· Non-smartphone applications:
· Traffic from wearables (periodic positioning information etc): This is an increasingly popular application for various purposes such as geofencing and is particularly growing in popularity with parents with small children to keep track of the children in public places etc. 
· sensors (Industrial Wireless Sensor Networks transmitting temperature, pressure readings periodically or in an event triggered manner etc)
· smart meters and smart meter networks sending periodic meter readings
In general, the use cases for smalldata are well understood both in RAN and SA groups and the corresponding requirements to optimize the system for smalldata traffic is also captured in SA2 TR 22.891[12] as follows: 
· The 3GPP System shall be efficient and flexible for both low throughput short data bursts and high throughput data transmissions (e.g., streaming video) from the same device.
· The 3GPP system shall support efficient signalling mechanisms (e.g., signalling is less than payload).
· The 3GPP system shall reduce signalling overhead for security needed for short data burst transmission, without reducing the security protection provided by 4G 3GPP Systems.
It should also be noted that transmitting smalldata more efficiently (e.g. earlier in the connection resume procedure) not only benefits the signaling overhead and power consumption, but it also reduces the latency for these smalldata packets. This is an important benefit which will make the system more attractive to certain verticals (e.g. IIoT, V2X etc) which need low latencies for these small and infrequent data packets. 
Based on the above the following observation can be made: 
Observation 2: smalldata transmission enhancements will benefit a wide variety of usecases including smartphones, wearables, sensors and smartmeter networks etc and are hence an important feature for making the INACTIVE state in NR more efficient in terms of signaling overhead, power consumption and latency
 
3. Objectives for smalldata transmission in INACTIVE in Rel-17
Although both IDLE and INACTIVE state can benefit from smalldata transmissions, it is worth minimizing the workload in RAN WGs and any potential impact to SA groups. Thus, focusing on INACTIVE in Rel-17 is sufficient. The general solutions for INACTIVE state for smalldata transmission can be grouped into the following broad categories: 
· RACH based schemes: (work in all scenarios regardless of cell size and whether TA is known or not):
· Data transmission in MSG3 for 4-step RACH
· Data transmission in MSGA for 2-step RACH
· RACH-less schemes: (work only under certain assumptions, e.g. known/valid TA exists at the UE): 
· Data transmission on preconfigured PUSCH resource without preamble
· The preconfigured PUSCH resources may be provided to the UE either via dedicated configured grant like resources or by configuring 2-step RACH like resources without preamble. The details of how the preconfigured resources are provided to the UE can be defined in the WGs. 
Observation 3: smalldata transmission solutions can be either based on RACH based solutions (smalldata over MSG3/MSGA) or RACH-less solutions (smalldata over preconfigured PUSCH resources). 
The solutions above need the following work in various WGs: 
· Enable larger payload sizes for MSG3 and MSGA and mechanisms for the network and the UE to select the larger payload sizes
· Note for MSGA, already in Rel-16 payload sizes of up to 1000 bits is supported (the actual payload size can be larger). For MSG3, the group A size can also be up to 1000 bits. 
· The network needs to know the payload size included in MSGA/MSG3, so mechanisms to indicate the payload size of MSGA/MSG3 are needed (e.g. if more than just two payload sizes for smalldata need to be supported). 
· General radio link related procedures for supporting smalldata over RACH-based and RACH-less schemes
· This includes procedure for beam selection, retransmissions, procedure to enable transmission of further data without moving to CONNECTED state etc
· General procedure for handling the INACTIVE state and UE security context
· This includes context fetch, anchor relocation (signaling to relocate the anchor and to keep the old anchor should both be defined), handling of the security context and security of the smalldata payload 
· UE assistance information
· This includes assistance information such as BSR and other radio link measurement related feedback etc to enable the transmission of smalldata and to enable network to quickly send the UE back to INACTIVE state

Based on the above considerations; we make the following proposals: 
Proposal 1: Smalldata transmission schemes in Rel-17 shall consider RACH-based and preconfigured PUSCH based solutions as the baseline and shall target a wide variety of use cases including smartphone applications, wearables, sensors, smart meters etc. 
Proposal 2: the solutions for smalldata should enable the following: 
· Larger payload sizes for RACH-based solutions in MSG3 and MSGA
· Mechanisms for the network and the UE to select the larger payload sizes
· General radio link related procedures for supporting smalldata over RACH-based and RACH-less schemes 
· General procedure for INACTIVE state handling including anchor relocation, context fetch, security context handling etc
· UE assistance to enable radio link management and to enable network to send the UE back to INACTIVE after the smalldata session. 
4. Conclusion and proposals
[bookmark: _GoBack]This contribution highlights the potential benefits of smalldata transmissions in INACTIVE state. The following observations and proposals are made: 
Observation 1: Even with the basic building blocks for smalldata transmission (i.e. INACTIVE state and 2-step RACH), NR, until Rel-16, is not optimal in terms of signaling overhead and battery efficiency for handling infrequent smalldata transmissions
Observation 2: smalldata transmission enhancements will benefit a wide variety of usecases including smartphones, wearables, sensors and smartmeter networks etc and are hence an important feature for making the INACTIVE state in NR more efficient in terms of signaling overhead, power consumption and latency

Observation 3: smalldata transmission solutions can be either based on RACH based solutions (smalldata over MSG3/MSGA) or RACH-less solutions (smalldata over preconfigured PUSCH resources). 
Proposal 1: Smalldata transmission schemes in Rel-17 shall consider RACH-based and preconfigured PUSCH based solutions as the baseline and shall target a wide variety of use cases including smartphone applications, wearables, sensors, smart meters etc. 
Proposal 2: the solutions for smalldata should enable the following: 
· Larger payload sizes for RACH-based solutions in MSG3 and MSGA
· Mechanisms for the network and the UE to select the larger payload sizes
· General radio link related procedures for supporting smalldata over RACH-based and RACH-less schemes 
· General procedure for INACTIVE state handling including anchor relocation, context fetch, security context handling etc
· UE assistance to enable radio link management and to enable network to send the UE back to INACTIVE after the smalldata session. 
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