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A work item to support small data transmission in INACTIVE state was approved at RAN#86. According to the WID [1], the objectives are to support UL data transmission through RACH-based scheme and on pre-configured PUSCH resources. In this contribution, we discuss the requirements and the candidate solutions.  
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Requirements
According to the WID, both smartphone and non-smartphone applications are considered. 
· 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
· Non-smartphone applications:
· Traffic from wearables (periodic positioning information 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
The amount of data for such applications that the UE typically exchange with network is small, which can be even less than the signaling overhead. Such services are usually not urgent enough to justify the high battery consumption required to handle all the signaling and processing involved in the legacy INACTIVE-to-CONNECTED transition, just as illustrated in Fig.1.
It is desired that small data can be transmitted in INACTIVE without RRC state transition. The UE can benefit in:
· Signalling overhead: both RRC signalling and the L1/L2 signaling required for legacy INACTIVE-to-CONNECTED transition can be avoided;
· UE  power consumption: by reducing the procedure and signaling required to send data, the UE can save the overall time duration and power consumption to complete the data transmission;
· Latency: the UP latency can be reduced, since the UL data can be sent earlier. 
Requirement 1: Small data transmission in INACTIVE targets to reduce the signaling overhead with efficient procedures. 



Fig. 1 Current RRC procedure to resume RRC connection   
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Although all the above applications are considered as the use cases with small packets traffics, the traffic pattern and packet size vary a lot. Certain applications have relatively deterministic traffic pattern, e.g. the heart-beat/keep-alive traffic (packet size: 50bytes~100bytes), smart meters sending periodic meter readings (packet size: 12~100bytes for regular transmission) and sensors (packet size: 8bytes~128bytes). The traffic patterns for other applications are not deterministic. For push notification, various applications generate notifications with very diverse messaging size, although different operating systems have different size limitation. The tasks supported by the instant messaging services are more diverse than other applications, which can deliver the messages with texts, pictures, voices, videos and emoji. The packet size varies from hundreds of bytes to thousands of bytes. Therefore, small data with various packet sizes range from several bytes to thousands of bytes should be considered in the WI. 
Requirement 2: Small data transmission in INACTIVE supports the traffics with various payload size from several bytes to thousands of bytes. 
According to the use cases, different types of UE with different mobility status should be considered. For the UE e.g. sensors and smart meters, which is stationary or with limited mobility, it may always resume in the same cell. It’s an important use case and the transmission of UL data on pre-configured PUSCH resources can achieve the optimum performance. For smart phone UE, it may resume in the same cell, in different cells of the same gNB or different gNBs. The different scenarios implies which UE ID can be used for UE context identification, the need for security update and the need of UE context fetch and data forwarding.
Requirement 3: Small data transmission in INACTIVE supports different UEs with different mobility status, which resumes in the same or different gNB. 
Solutions
According to Requirement 1, the signalling overhead in both L1/L2 and L3 should be minimized. Transmission of UL data on pre-configured PUSCH resources is an effective method to reduce the L1/L2 signaling overhead compared to RA procedure. L3 signaling overhead can be further reduced if RRC signaling is not involved. Following two solutions can be considered to transmit small data in INACTIVE, just as illustrated in Fig. 2. (Note: the first UL grant can be the UL grant from RAR or the configured grant type 1). 
· Solution A: Transmit UL data with RRC Connection Resume
· Solution B: Transmit UL data without RRC Connection Resume

 

Fig. 2 Transmit UL data with/without RRC
Solution A
Solution A is similar as the early data transmission (EDT) for UP CIoT EPS optimization introduced in Rel-15.  
1. UL data is multiplexed with the RRCResumeRequest message. 
· The old key is used to generate ResumeMAC-I.
· The new key that is derived based on the NCC provided in previous RRCRelease message with SuspendConfig is used to protect the UL data. 
· The UL grant can be the UL grant received from RAR or the configured grant type 1. 
2. The RRCRelease message respondes the RRCResumeRequest message and ends the data transmission. 
When UE moves among different cells or the coverage of different gNBs, the radio resource may be reconfigured and the security key needs to be updated. The RRCRelease message can provide NCC to update the security key for data transmission in the next resume procedure.  The network can also respond RRCSetup message to bring UE to CONNECTED state. 
Solution B
1. UL data is transmitted directly without RRCResumeRequest message. 
· Generally, an UE ID needs to be carried for UE context identification. However, if the pre-configured PUSCH resource is configured as UE dedicated resources for UL data transmission, the UE ID may not be needed. 
· The same security key is applied for each burst of data transmission and the PDCP SN should be maintained. 
2. An acknowledgement (e.g. L1 ACK) is used to respond the UL data transmission. 
When UE moves to another security domain or requires radio resource reconfiguration, RRC resume/reconfiguration is performed. 
Comparison
Solution A is a generic solution applicable for all scenario and service-agnostic. It also provides the full flexibility for network to control the UE state. However, the benefit on signaling overhead reduction is marginal. It is not efficient for the UEs with limited mobility. 
Observation 1: Transmit UL data with RRC Connection Resume is generic solution and service-agnostic, but is not efficient for the UEs with limited mobility. 
In solution B, the L3 signaling overhead as well as the L1/L2 signaling (DCI, HARQ ACK, RLC ACK) can be further reduced. It can minimize the signaling overhead for the scenarios not requiring frequent security update and radio resource reconfiguration, e.g. UE resumes in the coverage of the same gNB. 
Observation 2: Transmit UL data without RRC Connection Resume can minimize the signaling overhead for the scenarios not requiring frequent security update and radio resource reconfiguration, but not friendly for UEs with mobility. 
Consider solution A is a generic solution and can handle all cases, it should be supported as baseline solution. The question is whether other solution can be considered to further reduce the signaling overhead for the particular scenarios with large amout of UEs, e.g. smart meters and sensors. 
The WID supports the transmission of UL data on pre-configured PUSCH resources. The intention is to reuse the configured grant type1 as the pre-configured PUSCH resources. It is assumed that configured grant type1 is dedicated PUSCH resources from UE aspect. Although the network may assign the same resources to another UE, it can differentiate the different UEs from DMRS. The pre-configured PUSCH resources are only valid when UE stays in the same cell and has valid TA. 
Proposal 1: Transmit UL data with RRC Connection Resume procedure is supported as baseline.
Proposal 2: RAN2 confirms that the pre-configured PUSCH resources are dedicated resources for the UE. 
If the assumption in proposal 2 can be confirmed, the intended use cases supported by pre-configured PUSCH resources and solution B exactly coincide, i.e. UE resumes in the same cell. Since the pre-configured PUSCH resources are dedicated to the UE, UE ID as well as ResumeMAC-I for UE authentication may not be required. Furthermore, a L1 ACK can be used to respond the UL data transmission and RRCRelease message is not necessarily required. Therefore, the processing of the RRCRelease message as well as the companion L1/L2 signaling (including DCI for scheduling, UCI for HARQ feedback, RLC ACK) can be avoided. In this case, solution B can achieve the optimum performance in terms of signaling overhead and UE power consumption. 
Observation 3: The use cases supported by pre-configured PUSCH resources and solution B (data transmission without RRC connection resume) exactly coincide. Solution B with pre-configured PUSCH resources can achieve the optimum performance. 
Proposal 3: Consider to support transmit UL data on pre-configured PUSCH resources without RRC Connection Resume. 
RACH-based Transmission
According to WID for RACH-based transmission, UE needs to indicate its intention to transmit the UL UP data through MsgA/Msg3, and then the gNB can provide a larger UL grant to accommodate larger MsgA/Msg3 payload size. It is straightforward that Msg1 is used to provide the indication through PRACH resource portioning. Considering both 2-step RA and 4-step RA are supported, the PRACH resources should be reserved in both 2-step and 4-step RA type RA resources. The PRACH resource reserved for small data transmission in INACTIVE is provided in system information.  If the UE intends to transmit data through MsgA/Msg3, the UE selects a PRACH resources from the reserved resources. 
Proposal 4: PRACH partitioning is used to indicate the UE’s intention to transmit UL data in MsgA/Msg3. If both 2-step and 4-step RA type Random Access Resources are configured, separate PRACH resources are reserved for 2-step and 4-step RA respectively. 
According to Requirement 2 that small data transmission in INACTIVE supports the traffics with various payload size, it is challenging to fix the payload size for Msg3 since different applications need to transmit data packets with different sizes. If the Msg3 size is fixed to a large value, it is not proper for the applications of small payload size. The spectrum efficiency is impaired and the radio resources are wasted by the padding bits. If the Msg3 size is fixed to a small value, the payload will be segmented into multiple parts for transmission, which results in longer latency and more signaling overhead. It is desired to have different Msg3 sizes to enable UL data transmission with flexible payload size in INACTIVE.  RAN1 should be consulted to determine how many size(s) and how large size(s) can be provided for Msg3. 
Proposal 5: RAN2 considers to support multiple payload size for Msg3.  RAN1 decides TBS number and TBS(s) can be provided for Msg3. 

Conclusion
For the small data transmission in INACTIVE, following requirements should be considered:
Requirement 1: Small data transmission in INACTIVE targets to reduce the signaling overhead with efficient procedures. 

Requirement 2: Small data transmission in INACTIVE supports the traffics with various payload size from several bytes to thousands of bytes. 
Requirement 3: Small data transmission in INACTIVE supports different UEs with different mobility status, which resumes in the same or different gNB. 
Based on the following observations:
Observation 1: Transmit UL data with RRC Connection Resume is generic solution and service-agnostic, but is not efficient for the UEs with limited mobility. 
Observation 2: Transmit UL data without RRC Connection Resume can minimize the signaling overhead for the scenarios not requiring frequent security update and radio resource reconfiguration, but not friendly for UEs with mobility. 
Observation 3: The use cases supported by pre-configured PUSCH resources and solution B (data transmission without RRC connection resume) exactly coincide. Solution B with pre-configured PUSCH resources can achieve the optimum performance. 
We propose:
Proposal 1: Transmit UL data with RRC Connection Resume procedure is supported as baseline.
Proposal 2: RAN2 confirms that the pre-configured PUSCH resources are dedicated resources for the UE. 
Proposal 3: Consider to support transmit UL data on pre-configured PUSCH resources without RRC Connection Resume. 
Proposal 4: PRACH partitioning is used to indicate the UE’s intention to transmit UL data in MsgA/Msg3. If both 2-step and 4-step RA type Random Access Resources are configured, separate PRACH resources are reserved for 2-step and 4-step RA respectively. 
Proposal 5: RAN2 considers to support multiple payload size for Msg3.  RAN1 decides TBS number and TBS(s) can be provided for Msg3. 
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