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1   Introduction
In RAN#89-BIS, the impacts of NB IOT on RAN3 were discussed in [1], it was clarified that solution on efficient small data transfer is pending to SA2 decision. In the previous SA2#111 meeting, it was agreed that Solution 2 from TR 23.720 is a mandatory feature for UE and Network and solution 18 is an optional feature [2]. 

This paper introduces the standardization progress, and summarises the potential RAN3 impacts of the solution2 from TR23.720 [3].
2   Discussion

2.1   NAS PDU transmission
In Solution2 [1], the following descriptions can be found related to NAS PDU transmission in RAN:
MO Small Data Transfer in section 6.2.1.3:

· a new NAS message format is used to carry the small data packet (i.e. IP, non-IP, SMS) in an encrypted IE. 
· The unencrypted part of this new NAS PDU carries the "eKSI and Sequence Number" IEs as usual for encrypted NAS messages. The C-SGN uses this, and the S-TMSI, to identify the security context to decrypt the small data packet.
· It is RAN decision how to transfer the small data NAS PDU over the radio interface for CIoT RAT.
· In case of multiple small data packet transmission, subsequent small data packets are contained in UL NAS transport without requiring establishment of RRC connection.
· CIoT-BS sends the Downlink Information Transfer including the NAS message to UE and also releases the RRC connection after the timer monitoring the connection expires.
MT Small Data Transfer in section 6.2.1.4”
· The C-SGN then sends the small data packet in an encrypted IE in a NAS PDU in a Downlink NAS message and the CIoT-BS sends the NAS PDU onto the UE.
· The UE might send a packet as an acknowledgement that is sent in an encrypted IE in a NAS PDU in an UL RRC message. The CIoT-BS forwards the NAS PDU to the C-SGN.
The mentioned new NAS PDU message format, includes an unencrypted part to carry the "eKSI and Sequence Number" for encrypted NAS messages, and an encrypted part to carry the small data packet.
In S1AP, the INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages, can be re-used, since the NAS-PDU IE has already been included in these messages defined as an OCTET STRING.
Proposal 1: reuse the NAS-PDU IE in S1AP: INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages to transmit the new NAS PDU for small data transfer.
2.2   Implicit S1 connection release
In the Mo and MT Small Data Transfer Procedures (Section 6.2.1.3, 6.2.1.4 in [3]), the S1 connection of the UE is released after timer expires.
MO procedure:

5.
The C-SGN encrypts the NAS message with the downlink small data packet and sends the downlink NAS transport message to the CIoT-RAN. C-SGN releases the signalling connection after the timer monitoring the connection expires.

6.
CIoT-BS sends the Downlink Information Transfer including the NAS message to UE and also releases the RRC connection after the timer monitoring the connection expires.

MT procedure:

4.
The UE might send a packet as an acknowledgement that is sent in an encrypted IE in a NAS PDU in an UL RRC message. The CIoT-BS forwards the NAS PDU to the C-SGN. After the timer monitoring the connection expires, the C-SGN, UE and CIoT-BS release the connection locally.

Based on the concept of solution2, in S1 interface, for MO and MT small data transfer procedures, there is neither UE context setup procedure, nor UE connect release procedure. Take MO procedure as an example, the RAN node sends the small data NAS PDU to the C-SGN in the INITIAL UE MESSAGE message.

If there is a downlink data or ack, the C-SGN will use DOWNLINK NAS TRANSPORT message to send the ack/response to the RAN node, the latter message will include both MME UE S1AP ID and eNB UE S1AP ID. If there is no downlink data or ack, it seems no need for the RAN node to get the MME UE S1AP ID and maintain the S1 UE context for the UE.

Observation 1: In Mo and MT Small Data Transfer Procedures, the UE context management related S1AP signalling procedures (including UE context setup, modify, release) are not used, the S1 UE context is released after timer expires in both RAN node and C-SGN. 

As mentioned in SA2 TR [3]: 

· The CIoT RAN forwards NAS PDU and the indication on whether ack/response is expected to the C-SGN in the initial UE message.
Considering that the RAN node and C-SGN will release the S1 connection after timer expires, it is needed for the RAN node and C-SGN to distinguish NAS signalling connection for small data transfer, and whether ack/response is expected.

To support this, one possible solution is to introduce one bit flag in S1AP: INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages, to indicate if ack/response is expected, the presence of this flag may implicitly indicate small data transfer. 

Propose 2: introduce a flag in S1AP: INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages to indicate if ack/response is expected.
2.3   Multiple Data Transfer
For the multiple UL user data packets transfer, the first UL user data packet is transferred in the NAS PDU IE in S1AP:INITIAL UE MESSAGE message, and the subsequent small data packets will be included in the S1AP:UPLINK NAS TRANSPORT messages.

Because the RAN node and C-SGN will release the S1 signalling connection after timer expires, the RAN node may be able to know if there is more data needs to be transferred (e.g. via BSR) from UE, but the C-SGN is not able to know that, hence it is possible that a new data packet comes after the C-SGN released the connection after timer expires, especially when the release timer is not big enough. If the timer is big, this mismatch will not exist, but as there will be huge number of IoT UEs, huge storage capacity will be required for the RAN node and C-SGN.
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Figure 1.connection release after timers expire in UE, RAN node and C-SGN (UL data transmission)
On the other hand, in case the RAN node indicates if the small data NAS PDU is the last one to the C-SGN, it can help the C-SGN to release the S1 connection. When the C-SGN receives the indication of last NAS PDU, if the NAS PDU requires acknowledgment/response to the IP packet, the C-SGN will wait the acknowledgment/response, and carries the message in DL NAS PDU. C-SGN releases the signalling connection after the timer monitoring the connection expires. 

Similar to the UL data transfer, for DL user data transfer, the DL user data are transferred in the DOWNLINK NAS TRANSPORT message, the C-SGN needs to indicate the last DL NAS PDU to RAN node to help the RAN node to determine when to release the RRC connection. The example is shown in figure 2. 
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Figure 2. Timers configuration in UE,RAN node and C-SGN (DL data transmission)
Proposal 3: introduce a last packet indication in S1AP: INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages, to help the C-SGN and RAN node to release the connection correctly. 
2.4   Congestion Control

As mentioned in SA2 TR [3]: 

· For congestion control, the establishment of a NAS signalling connection for small data transmission needs to be differentiated from NAS signalling connection for control signalling. The differentiation can be applied between the UE and CIoT RAN, and between CIoT RAN and C-SGN.

To support congestion control, in case a new RRC Establishment Cause is introduced in RAN2, it is needed to further enhance S1AP overload start/stop procedures to allow the MME to reduce the related traffic, e.g. introducing a new Overload Action for “small data transfer via NAS”.
Proposal 4: enhance S1AP overload start/stop procedures to allow the MME to reduce the small data traffic.
2.5   C-SGN selection
In [2], it was agreed that:

· The specifications shall support that the NB-IoT control plane node CAN be physically separate from the legacy MME. This does NOT preclude implementations where they are co-located or in the same node.  
It means that the NB-IoT control plane node should be a separated logical node, which could be regarded as a dedicated core networks supporting IoT.

In solution2, it was mentioned that the RAN node needs to select C-SGN optimized for CIoT based on UE indication or based on pre-configuration. Besides the potential usage of DECOR, in case the UE accesses via NB-IoT air interface, the RAN node needs to know which Core network can be selected for this UE. 

There are several potential options:

Option1: C-SGN provides NB-IoT supporting indication to RAN node via S1 signalling

· Add NB-IoT support Indicator IE in S1 SETUP RESPONSE message
· Special MME Name string provided in S1 SETUP RESPONSE message
Option2: OAM configuration

Proposal 5: RAN3 to select one solution to inform RAN node of which CN node is the NB-IoT C-SGN.
3   Proposals
In this paper, we discussed the impacts of NB-IoT Small data transfer Solution2 on RAN3, and got the following proposals:
Proposal 1: reuse the NAS-PDU IE in S1AP: INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages to transmit the new NAS PDU for small data transfer.
Propose 2: introduce a flag in S1AP: INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages to indicate if ack/response is expected.
Proposal 3: introduce a last packet indication in S1AP: INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages, to help the C-SGN and RAN node to release the connection correctly. 

Proposal 4: enhance S1AP overload start/stop procedures to allow the MME to reduce the small data traffic.
Proposal 5: RAN3 to select one solution to inform RAN node of which CN node is the NB-IoT C-SGN.
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