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1 Introduction

In TR 23.799, there are five solutions captured till SA2#116bis meeting, which is considered for efficient support of infrequent small user data transfer for NR. 
This contribution further analyzes the possible solutions from RAN point of view.  
2 Discussion
Multiple signalling messages are needed in order to transmit only one small data packet, i.e. the battery consumption and signalling overhead for infrequent small packet transmission could be largely reduced. For devices where such traffic is almost permanent, transmitting a single message for each infrequent small packet rather than e.g. 4 or 35 messages every time could have a major impact on battery life. 
In SA2, several connectionless uplink and downlink solutions have been proposed for the efficient transmission of the infrequent small data and some were captured in TR 23.799. They can be divided into 3 categories:

1. The UE is not registered, i.e. there is no UE attachment, authentication and session setup, and the UE can directly transmit data together with associated information for the network to process them.
2. The UE is registered to the CN but there is no UE context in the RAN. Uplink and downlink data transmission is possible without session setup towards the core network and without establishment of bearers. The NB-IoT CP solution can fall in this category.
3. The UE is registered to the CN and the radio network has a context for the UE but there are no dedicated radio resources for the UE. Data transmission requires the UE context to be in the RAN node which will receive the data. The LTE RRC_IDLE state with AS context and using suspend/resume procedure can be considered as in this category. 
In our understanding of SA2 discussions, a solution of different type could be used for different applications, so that there is the need in RAN working group to consider each type of solution. This means that data transmission of any of these 3 types could be triggered by upper layers while the UE is in any state, i.e. in idle, in "new state" or in full connected.
In the case of category 1 and category 2, if the same mechanisms are used like for NB-IoT solution designed on top of LTE, there is still some overhead for RRC connection establishment and grant allocation. One possibility to reduce overhead for data transmission could be to use grant-free transmission with resources provided in system information to transmit data, e.g. as illustrated in figure 1 below.
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Figure 1: Example of uplink grant-free transmission in idle for small data
The main steps would be the following:

0. For category 1, UE does not register to the network and how to obtain the security context is up to SA3. For category 2, UE attaches to the network and negotiates the security parameters with the network then UE and the core network establishes the security context for the small data transmission.
1. UE receives the grant free resource and default RB parameters from the RAN, e.g. via SIB message.
2. If the size of the data packet is smaller than the pre-defined value then UE selects a grant free resource for data transmission.

3. UE encrypts the packet and sends UE ID and data packet to RAN in the grant free resource. For category 1, UE ID may be generated randomly. For category 2, UE ID is NAS UE ID. 
4. RAN sends a response to UE, e.g. UE ID.

5. RAN sends the data packet and UE ID to the CN node based on the UE ID. The CN node decrypts the data packet based UE security context.

If the data together with the UE ID information would not fit in a single resource, or if DL data reception is expected as response to the UL transmission, it is preferable to establish a light RRC connection in Figure 2 as the relative overhead will be less and the transmission performance is better based on scheduling. 
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Figure 2: Example of grant-free transmission with light connection in idle for small data
Different from the data transmission in Figure 1:

Step 4, RAN allocates a “C-RNTI” to UE, and sends “C-RNTI” and UE ID as acknowledge to UE. The L2 entity is initialized.
Step 5, When UE receives the acknowledge information, UE initializes the L2 entity and sends “C-RNTI” to RAN as confirmation.
After Step 5, UE records the “C-RNTI” and start a timer, UE considers it is with “light connection” until the timer expires. When UE receives or transmits a PDU then the timer is restarted. Upon the timer expires, UE release “C-RNTI” and considered it is in IDLE state.
Proposal: study in RAN2 how to reduce signalling overhead and power consumption (e.g. using grant-free transmission) for infrequent small data transmission according to SA2 solutions triggered by upper layer when the UE is in NR idle, "new state" or connected.
3 Conclusion

This contribution discusses possible alternatives for infrequent small packet transmission in 5G system. It is proposed:
Proposal: study in RAN2 how to reduce signalling overhead and power consumption (e.g. using grant-free transmission) for infrequent small data transmission according to SA2 solutions triggered by upper layer when the UE is in NR idle, "new state" or connected.
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