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1 Introduction

In TR 23.887 [1] section 5.1.1.3.6, Small Data Fast Path / Connectionless solutions are described. In RAN2#81bis meeting, two contributions [2] [3] provided some details and observations of Fast Path and Connectionless. In this contribution, we would like to discuss the detailed procedures of some options for Fast Path and Connectionless solutions from RAN point of view. 
2 Discussion
According to TR 23.887, both Fast Path and Connectionless solutions are based on the principle of providing information to the UE about the end-point of the PDN Connection or its bearer(s) in the SGW. The UE can then append this information to small data that is sent UL to the eNB. The eNB uses the appended information and creates a GTP-U PDU and passes the small data packet on the S1-U to the SGW. The SGW forwards the received packet uplink as normal. To allow subsequent DL small data, the eNB also appends its DL TEID and IP address to the GTP-U PDU in an extension header. The SGW stores and uses this information for any subsequent DL small data.
Let us take Fast Path solution for example (Connectionless would be similar). There are some options below from RAN point of view. 
· Option 1: UE performs small data transmission without RRC connection;
· Option 1-1: Small data is transmitted on SRB0

· Option 1-2: Small data is transmitted on a certain DRB

· Option 2: UE performs small data transmission with RRC connection;

· Option 2-1: Small data is transmitted on SRB1

· Option 2-2: Small data is transmitted on a certain DRB

Below we will look at the UL small data transmission in these options in detail. For DL small data transmission, an additional paging of the UE is required.
2.1 Option 1: UE performs small data transmission without RRC connection
Option 1-1: Small data is transmitted on SRB0
In the last meeting, RAN2 agrees that SRB0 cannot be used to transmit data in the order of a Kbyte due to lack of segmentation. Thus the data volume of each transmission on SRB0 should be limited to be less than 1 Kbyte. In this option, RRC is assumed to control the data volume on SRB0. Besides, RRC should be able to encode/ decode a new message structure which is used to carry small data on SRB0.
The procedure for uplink small data transmission in this option could include the following steps: 
1) UE performs the Attach procedure, gets SGW Bearer Resource ID and security context, and stores this information after RRC connection is released. 
2) When there is UL small data to be transmitted, UE’s application layer would notify UE NAS and then NAS would provide S-TMSI and cause to RRC (indicating that it is for small data transmission). RRC passes S-TMSI and the cause to RLC and RLC passes them to MAC, together with an indication that there is UL small data to be transmitted.
3) UE MAC then initiates the random access procedure. Msg1 is sent and Msg2 is received with the existing mechanism.

4) MAC sends Msg3 including S-TMSI and the cause as a CCCH SDU and a BSR MAC CE based on RRC’s indication in step 2 (which indicates small data volume e.g. less than 1Kbyte).
5) After receiving Msg3 which includes the CCCH SDU, eNB MAC delivers the CCCH SDU to eNB RRC, and responses with Msg4 where UE Contention Resolution Identity MAC CE includes the CCCH SDU received in Msg3. 
6) On receiving Msg4, UE MAC performs actions on the contention resolution. If the contention resolution is considered successful, UE MAC will notify this to UE RRC. UE RRC would then pass the small data to UE MAC via SRB0. 
7) eNB sends PDCCH addressing UE’s C-RNTI (the Temporary C-RNTI notified in Msg2) with UL grant based on BSR received in Msg3 for UE to send the UL small data. 
8) UE sends UL small data according to the UL grant. The SGW Bearer Resource ID is sent together with the UL small data. 
9) On receiving the small data, eNB derives the SGW S1-U F-TEID based on the received Bearer Resource ID, allocates a new eNB S1-U F-TEID for the fast path, assembles a GTP-U PDU using the received and derived data, adds a GTP-U extension header with the eNB S1-U F-TEID and forwards the GTP-U PDU on the S1-U interface to the SGW. 
10) A TAT-like timer can be set at both UE and eNB. When the timer is expired at UE, the UE would release its C-RNTI and need to perform random access to get UL synchronization again if there is UL data to be transmitted. When the timer for a UE is expired at eNB, eNB would release the C-RNTI for the UE.
Option 1-2: Small data is transmitted on a certain DRB
When RRC connection is not set up, UE would not have any DRB configuration according to the current specifications. In this option, UE should store the configuration of the default DRB during Attach procedure in order to transmit small data on it after RRC connection is released. In addition, eNB is assumed to store the UE context after RRC connection is released. 
The procedure for uplink small data transmission in this option could include the following steps: 

1) UE performs the Attach procedure, gets SGW Bearer Resource ID, security context, the default EPS bearer configuration and DRB configuration, and stores this information after RRC connection is released.
2) When there is UL small data to be transmitted, UE’s application layer passes the UL small data with the SGW Bearer Resource ID to PDCP via the default EPS bearer. PDCP processes the data according to the default DRB configuration and pass it to RLC. RLC perform AM processing and pass the data to MAC together with a small data indication. 
3) UE MAC then initiates random access procedure. Msg1 is sent and Msg2 is received with the existing mechanism.
4) UE MAC acquires UE’s S-TMSI from RRC, and then includes the S-TMSI and the small data indication in a CCCH SDU, and BSR MAC CE in Msg3. 

5) After receiving Msg3 which includes CCCH SDU, eNB MAC delivers the CCCH SDU to eNB RRC, and responses with Msg4 where UE Contention Resolution Identity MAC CE includes the CCCH SDU received in Msg3.
6) On receiving Msg4, UE MAC performs actions on the contention resolution. 

7) eNB sends PDCCH addressing UE’s C-RNTI (the Temporary C-RNTI notified in Msg2) with UL grant based on BSR received in Msg3 for UE to send the UL small data. 
8) UE sends UL small data according to the UL grant. The SGW Bearer Resource ID is sent together with the UL small data. 
9) On receiving the small data, eNB decodes the small data according to the default DRB configuration and derives the SGW S1-U F-TEID based on the received Bearer Resource ID and delivers the small data to SGW. 
10) A TAT-like timer can be set at both UE and eNB. When the timer is expired at UE, the UE would release its C-RNTI and need to perform random access to get UL synchronization again if there is UL data to be transmitted. When the timer for a UE is expired at eNB, eNB would release the C-RNTI for the UE.
2.2 Option 2: UE performs small data transmission with RRC connection
Option 2-1: Small data is transmitted on SRB1
In this option, RRC could be designed to be able to encode/ decode a new message structure which is used to carry small data on SRB1.
1) UE performs the Attach procedure, gets SGW Bearer Resource ID and security context, and stores this information after RRC connection is released. 
2) When there is UL small data to be transmitted, UE’s application layer would notify UE NAS and then NAS would provide S-TMSI, cause (indicating this is for small data transmission) and the UL small data together with the SGW Bearer Resource ID to RRC. RRC sets the content of RRC Connection Request message including S-TMSI and the cause, and sends it to MAC. 
3) UE MAC then initiates random access procedure and RRC connection is set up. In RRC Connection Setup Complete message, small data together with SGW Bearer Resource ID could be included in the embedded NAS PDU. 
4) On receiving the RRC Connection Setup Complete message, eNB decodes the small data from the embedded NAS PDU, derives the SGW S1-U F-TEID based on the received Bearer Resource ID, and delivers the small data to SGW. 
5) The subsequent UL small data could be sent on SRB1 with the new RRC message structure. 
Option 2-2: Small data is transmitted on a certain DRB
In this option, DRB configuration could be stored in UE after RRC connection is released (Alt 1), or DRB configuration could be notified in RRC Connection Setup message when there is UL small data to be transmitted (Alt 2). 

1) UE performs the Attach procedure, gets SGW Bearer Resource ID and security context, and stores this information (and default EPS bearer configuration and default DRB configuration in Alt 1) after RRC connection is released.
2) When there is UL small data to be transmitted, UE’s application layer would notify UE NAS and then NAS would provide S-TMSI and the cause (indicating this is for small data transmission) to RRC. RRC sets the content of RRC Connection Request message including S-TMSI and the cause, and sends it to MAC.
3) UE MAC then initiates random access procedure and RRC connection is set up. In Alt 2, RRC Connection Setup message should include the DRB configuration for the small data transmission. 
4) When sending RRC Connection Setup Complete message, UE MAC can include BSR MAC CE in the MAC PDU to ask for the UL grant for UL small data. 
5) eNB sends PDCCH with UL grant based on the received BSR.
6) UE sends the UL small data with the default DRB configuration or the DRB configuration indicated in RRC Connection Setup message. 

7) On receiving the small data, eNB decodes the small data according to the default DRB configuration or the DRB configuration notified in RRC Connection Setup message, derives the SGW S1-U F-TEID based on the received Bearer Resource ID, and delivers the small data to SGW. 

Proposal 1: RAN2 is suggested to discuss the feasibility of above options for Fast path/ Connectionless solution.
Proposal 2: If the above options are considered feasible, RAN2 is suggested to capture them into RAN2 TR 37.869. 

3 Conclusion

In this contribution, we have discussed the signalling procedures of the RAN options for Fast Path/Connectionless solution. We have the following proposals:

Proposal 1: RAN2 is suggested to discuss the feasibility of above options for Fast path/ Connectionless solution.

Proposal 2: If the above options are considered feasible, RAN2 is suggested to capture them into RAN2 TR 37.869. 
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