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1. Introduction

According to SA2 study on architecture enhancements for cellular internet of things [1], how to support efficient handling of infrequent small data transmissions has been identified as a key issue. In the LS [2], SA2 agreed to support a control plane solution “infrequent small data transmission using pre-established NAS security” (solution 2 in TR 23.720 [1]) as a mandatory feature for NB-IoT. The agreed CP solution causes some impact to RAN2 design of NB-IoT. In this contribution, we would like to discuss the impact and improvement on RRC connection management.
2. Discussion

In this CP solution, the small data packet is piggybacked in an initial NAS uplink message. There is no need to setup user plane DRB and AS security. The signalling procedure for small data transmission can therefore be simplified. 
MO small data transmission

Figure 1 quoted from TR 23.720 [1] illustrates the signalling and data flow for mobile originated small data transmission:
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Figure 1: CIoT Mobile originated (MO) Small data transmission [1]
Compared with the current LTE mechanism, initial security activation to activate AS security and RRC connection reconfiguration to establish DRB are not needed. Small data packet is included in a NAS PDU and piggybacked in the connection establishment procedure. In addition, as shown in step 1 of figure 1, an acknowledgement/response indication is also included in the connection establishment procedure. The indication is used to indicate whether acknowledgement or response to the IP packet is expected or not. According to TR 23.720 [1], if no acknowledgement or response to the small data packet is expected, the RRC connection can be released immediately after the small data delivery. 
Observation 1:
acknowledgement/response indication is used for network to determine whether to maintain the RRC connection after the small data delivery.
In addition to waiting for acknowledgement or response of some IP packet, there may be more use case for providing an indication of whether the RRC connection needs to be maintained after the small data delivery. For example, in TR 23.720 [1] it specifies that in case of multiple small data transmission, subsequent small data packets are contained in UL NAS transport without requiring establishment of RRC connection. If the UE has subsequent small data transmission following the connection establishment procedure, it should also indicate that the RRC connection needs to be maintained so that the following small data packet can be transmitted. Therefore, the usage of acknowledgement/response indication should be extended to be a more general indication that indicates whether the RRC connection needs to be maintained.
Proposal 1:
A NB-IoT UE provides an indication of whether RRC connection needs to be maintained for mobile originated small data transmission.
During the last SA2 meeting, it was considered that the CP solution can be further improved by incorporating the concept of the solution “connectionless small data transmission with immediate return to idle” (solution 3 in TR 23.720 [1]).

In the solution of connectionless small data transmission with immediate return to idle, the UE goes to idle immediately after the successful delivery of the small data packet without waiting for network to release the RRC connection. It further reduces the signalling overhead for the case of small data transmission when RRC connection can be released immediately. 

If proposal 1 is agreed, the UE provides the indication of whether to maintain the RRC connection. If the indication indicates that the RRC connection doesn’t need to be maintained, e.g. no response is needed, the UE goes to idle immediately after the successful delivery of the small data packet. If the indication indicates that the RRC connection needs to be maintained, the UE stays in connected mode after the small data delivery. On the network side, the network can understand whether the UE goes to idle immediately after small data delivery based on the indication. 
For small data transmission, signalling overhead reduction is very important because the data size is small, so the signalling overhead becomes relatively significant compared with the small data. Moreover, a NB-IoT UE may be in enhanced coverage, and the signalling may require many repetitions to be delivered successfully. Therefore, signalling overhead should be reduced as much as possible. Return to idle immediately after small data transmission provides signalling improvement to the CP solution agreed by SA2, and therefore should be supported.
Proposal 2:
When a NB-IoT UE indicates that RRC connection doesn’t need to be maintained, the UE immediately returns to idle mode after successful delivery of small data.
MT small data transmission

Figure 2 quoted from TR 23.720 [1] illustrates the signalling and data flow for mobile terminated small data transmission:
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Figure 2: CIoT Mobile terminated (MT) Small data transmission [1]

For the case of mobile terminated small data transmission, the concept of going to idle immediately after small data transmission can also be applied. The difference from the mobile originated case is that the indication of whether the RRC connection needs to be maintained should be provided by network. When network has small data packet to be transmitted to the UE, it can provide an indication to the UE indicating whether the RRC connection needs to be maintained after small data delivery.
Proposal 3:
Network provides an indication of whether RRC connection needs to be maintained for mobile terminated small data transmission.
The UE behaviour for mobile terminated case is similar with what described in the mobile originated case. When the UE receives the indication indicating that RRC connection doesn’t need to be maintained, the UE knows that the RRC connection can be released after small data reception. Then after the successful reception of the small data, the UE returns to idle immediately. If the indication indicates that RRC connection needs to be maintained, the UE stays in connected mode after small data reception. 
Proposal 4:
When a NB-IoT UE receives the indication that RRC connection doesn’t need to be maintained, the UE immediately returns to idle after successful reception of small data.
3. Conclusion

In this contribution, we discuss some RRC connection management issues for the solution of small data transmission. Proposals are as below:
Proposal 1:
A NB-IoT UE provides an indication of whether RRC connection needs to be maintained for mobile originated small data transmission.
Proposal 2:
When a NB-IoT UE indicates that RRC connection doesn’t need to be maintained, the UE immediately returns to idle mode after successful delivery of small data.
Proposal 3:
Network provides an indication of whether RRC connection needs to be maintained for mobile terminated small data transmission.
Proposal 4:
When a NB-IoT UE receives the indication that RRC connection doesn’t need to be maintained, the UE immediately returns to idle after successful reception of small data.
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