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1	Introduction
[bookmark: _Ref178064866]UEs with infrequent (periodic and/or non-periodic) data transmission are generally maintained by the network in the RRC_INACTIVE state in NR. Specific examples was listed in the WI on small data transmission from RRC_INACTIVE state [1] approved in RAN#88e as follows:
	Specific examples of small and infrequent data traffic include the following use cases: 
· Smartphone applications: 
· Traffic from Instant Messaging services (WhatsApp, QQ, and 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
As noted in 3GPP TS 22.891, the NR system shall:
· be efficient and flexible for low throughput short data bursts 
· support efficient signalling mechanisms (e.g. signalling is less than payload)
· reduce signalling overhead in general
Signalling overhead from INACTIVE state UEs for small data packets is a general problem and will become a critical issue with more UEs in NR not only for network performance and efficiency but also for the UE battery performance. In general, any device that has intermittent small data packets in INACTIVE state will benefit from enabling small data transmission in INACTIVE. 



In this paper, we would like to discuss the small data transmission (SDT) with random access (RA) based scheme.
2	Discussion
For UEs in RRC_INACTIVE state, the infrequent and small data transmission can be performed utilizing RACH procedure without entering RRC_CONNECTED state. For two types of RA procedure are supported in NR: 4-step RA type with MSG1 and 2-step RA type with MSGA, there are two different ways the UE can perform small data transmission on the RA procedure: in MSG3 via an UL Grant provided in RAR in 4-step RA and along with a preamble in MSGA in 2-step RA.
Both the 4-step RA type and the 2-step RA type support contention-based random access (CBRA). Contention occurs inevitably while the UL UP data is transmitted using the CBRA based schemes. If the contention resolution is not successful and the (re)transmission of MSG1/MSGA reaches the limited count during the CBRA based small data transmission, the UL UP transmission is deemed to be failed. The SDT conflicts lead to network congestion and shall affect the network performance and efficiency.
Observation 1	Small data transmission conflict occurs while CBRA-based scheme is utilized which shall lead to network congestion and affect the network performance and efficiency.
In RA-based small data transmission, the UL UP data is transmitted in the MAG3/MSGA which means that additional resource is to be allocated for the MSG3/MSGA to carry the additional payload. Thus the RA for small data transmission should be differentiated from the legacy RA carrying no UL UP data in MSG3/MSGA. In order to do so, dedicated RA resource (PRACH resource and/or preamble) should be configured for the RA utilized for the small data transmission. When UL UP data is transmitted using the RA schemes, the UE shall identify the procedure through the dedicated RA resource and additional PUSCH resources shall be allocated for it.
Observation 2 	Dedicated RA resource for RA utilized for small data transmission should be configured.
To mitigate the collision among the UEs performing CBRA-based small data transmission, mechanisms should be designed to reduce the possibility that different UEs initiate RA-based small data transmission with the same RACH resource. Namely, the RA-based small data transmission occurrences are scattered among the RA resources.
The RA resources configured for the RA-based small data transmission can be separated into several RA resource pools, and every RA resource pool is configured for a plurality of UEs. Then the UEs shall perform RA-based small data transmission with the RA resource selected from the configured RA resource pool. Association between the RA resource pools and the features of the UEs or small data transmission services can be introduced. And the RA resource pool configuration and allocation for the UEs shall be based on the association. UEs supporting the small data transmission service with the same feature can be configured with the same RA resource pool. For example, periodic transmission with different offset can be configured with the same RA resource pool, or the RA resource pool configuration can be based on the RA type, etc.
Proposal 1	RA resource allocation rules should be designed to reduce the possibility that different UEs initiate RA-based small data transmission with the same RACH resource.
As is described in the WID [1], the small data transmission can support many services and can be generalized into Hear-beat and Instant message services. The model of the services and the typical traffic pattern should be studied in detail and the key indicators needed to be identified. The packet size of the small data and the periodicity of the heart-beat service shall be utilized to allocate the resource for the small data transmission. To determine whether to perform transmission failure detection and retransmission, the reliability requirement of the service shall be needed. And the delay requirement shall be needed to determine how long to back off when collision occurs. 
Observation 3	The traffic pattern and the key indicators should be studied in detail.
It is more efficient to perform small data transmission with pre-configured PUSCH resources (i.e. reusing the configured grant type 1) for the heart-beat services with clear indicators such as packet size and periodicity. However, for the UEs in motion, the above solution is not applicable because of the lack of the valid TA. Then the RA-based schemes shall be utilized in this scenario. In order to perform RA-based UL transmission efficiently for the periodic services, the RA-resources shall be reserved and pre-configured for the UE. The reservation and configuration of the RA resources for the periodic services shall be broadcasted to the other UEs. The other UEs shall not initiate RA-based small data transmission to avoid collisions. 
Observation 4	RA resources can be reserved for UEs supporting heart-beat services utilizing the RA-based small data transmission.
Proposal 2	The reservation and (pre)configuration of the RA resources can be broadcasted for the other UE to avoid initiate RA with the reserved RA resources.
In order to mitigate the collision of RA-based small data transmission and network congestion, listen-before-talk (LBT) mechanism can be utilized. UEs perform monitoring on the RA resources and determine whether to initiate RA-based small data transmission on the RA resources or perform back off. With proper design over the LBT mechanism, conflicts between UEs performing RA-based small data transmission can be reduced.
Observation 5	LBT mechanisms can be used to mitigate the collision of RA-based small data transmission.
For the RA resource reserved and pre-configured scenario that the UEs in motion supporting heart-beat service. It is similar to the NR V2X Mode 2 resource allocation scheme. Different from V2X, small data transmission has higher requirement on power consumption. And the pattern of PRACH resources is different from that of the V2X resources either. NR V2X Mode 2 resource configuration mechanism can be introduced to small data transmission to perform RA resource configuration and allocation with proper enhancements.
Proposal 3	NR V2X Mode1 resource configuration and allocation scheme can be utilized as baseline, enhancement of it can be used to design the RA resource configuration.
UAC mechanism is proposed to be reused for small data transmission as is discussed in the email-discussed. As NAS will be unaware of SDT/non-SDT, it is not involved in generating a new SDT cause [2]. We assume the access identity can be determined by the AS according to the service type or QoS requirement. The gNB shall count the access attempts of the RA-based SDT and perform access control according to the load of the network. In another way, UE may count the failed RA attempts of the SDT and determine whether to perform back off or UE may behave as was indicated by the broadcasted RRC Reject signalling.
Observation 6	Reuse existing UAC frame to determine whether access attempt is allowed in RA-based small data transmission.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Small data transmission conflict occurs while CBRA-based scheme is utilized which shall lead to network congestion and affect the network performance and efficiency.
Observation 2 	Dedicated RA resource for RA utilized for small data transmission should be configured.
Observation 3	The traffic pattern and the key indicators should be studied in detail.
Observation 4	RA resources can be reserved for UEs supporting heart-beat services utilizing the RA-based small data transmission.
Observation 5	LBT mechanisms can be used to mitigate the collision of RA-based small data transmission.
Observation 6	Reuse existing UAC frame to determine whether access attempt is allowed in RA-based small data transmission.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RA resource allocation rules should be designed to reduce the possibility that different UEs initiate RA-based small data transmission with the same RACH resource.
Proposal 2	The reservation and (pre)configuration of the RA resources can be broadcasted for the other UE to avoid initiate RA with the reserved RA resources.
Proposal 3	NR V2X Mode1 resource configuration and allocation scheme can be utilized as baseline, enhancement of it can be used to design the RA resource configuration.
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