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Introduction
The transmission of RRC messages over the F1 interface was discussed in RAN3#95bis. Different options were identified and the following FFS was captured in R3-171362:
· “Whether RRC message is transferred over F1-C or F1-U or both is FFS”
In addition, in RAN3#95bis the following agreements about the F1 interface were captured:
Agreements:
1 The new interface is made of F1-CP and F1-UP interfaces with associated procedures
2 F1-CP uses SCTP/IP, other alternatives are FFS, if any
3 F1-UP uses GTP-U/UDP/IP, other alternatives are FFS, if any
4 The standard should not prevent to separate CP and UP
Based on these agreements, in this paper we analyse the transmission of RRC messages over the F1 interface. We conclude that the best solution is to transmit RRC messages over the F1-C interface using the F1AP/SCTP/IP protocol stack. Therefore, we suggest to remove the corresponding FFS in R3-171362 and we also provide a text proposal for TS 38.401.
Discussion 
[bookmark: _In-sequence_SDU_delivery]In a disaggregated gNB deployment based on split option 2 the RRC protocol is placed in the CU. Therefore, the RRC messages between the gNB and the UE shall be transmitted over the F1 interface. (1) The F1 interface requires a more robust transport for the transmission of RRC messages with respect to the data traffic. This is because the loss of RRC messages over the F1 interface can cause the failure of critical CP procedures, such as connection (re-)establishment, handover, and state transition. (2) In addition, the RRC protocol requires in sequence delivery of the RRC messages to (from) the UE. This is because an out-of-sequence delivery of RRC messages can also cause the failure of CP procedures as well as mismatch between UE and network states. Therefore, the F1 should guarantee in-order delivery of the RRC messages between the CU and the DU. Failure to satisfy these requirements (1 and 2) can generate serious consequences and impact significantly the UE and RAN performance. Note that the DU is not supposed to be able to process RRC messages, so it would not be able to realize if an RRC message is missing, sent (received) out-of-order or duplicated. 
Proposal 1	The F1 interface shall guarantee robust, in-order and secure transmission of RRC messages between CU and DU.  

RAN3 has agreed that the standard should allow for the separation of CP and UP, which means that in a disaggregated gNB deployment the CU can be further divided into CU-CP and CU-UP (see Fig. 1). In such a deployment, it is necessary that RRC messages can be exchanged directly between the CU-CP and the DU, i.e., without passing through the CU-UP. The main reason is that transmitting RRC messages through the CU-UP would cause unnecessary delay. In a disaggregated gNB deployment, the CU-CP could be placed in a location close to the DU (or even co-located with the DU) to reduce the CP latency. On the other hand, the CU-UP could be centralized in a regional or national data center to favor cloud implementation and provide a central termination point for UP traffic in dual-connectivity scenarios [1]. In this case, transmitting RRC messages through the CU-UP implies that the RRC messages are sent to a centralized cloud data center and then back to the local CU-CP close to the DU. This tromboning effect would cause an unacceptable delay that would compromise the network performance. It is also worth noting that sending the RRC messages through CU-UP would require defining an additional UP interface between CU-CP and CU-UP. In [2] we propose to standardize a new interface between CU-CP and CU-UP, namely E1. However, in our view the E1 is only a control interface and the E1 shall not carry UP traffic. 
Proposal 2	In a disaggregated gNB deployment with separate CU-CP and CU-UP, the RRC messages shall be directly exchanged between CU-CP and DU.
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Figure 1: Disaggregated gNB deployment with separate CU-CP and CU-UP.
One way to satisfy the requirements defined above in proposals 1 and 2, is to transmit the RRC messages over the F1-C interface using the F1AP/SCTP/IP protocol stack. In this approach, the RRC messages would be encapsulated in PDCP-PDUs using the PDCP-C protocol. The F1AP would provide an F1 direct transport message, which is composed of a container to carry the PDCP-PDU and an information element (IE) indicating to the DU the corresponding SRB (e.g., SRB1 or SRB2) for the RRC message. This messages would be transmitted using the SCTP/IP transport protocol stack. The SCTP transport protocol offers: (1) error detection and acknowledgment mechanisms to provide notification of duplicated or missing messages and to protect against attacks; (2) in order delivery of messages within each SCTP stream; (3) multi-homing and redundant paths to further increase resiliency and reliability. The F1AP message header may introduce some overhead, be we believe that this overhead would be almost negligible[footnoteRef:1].  [1:  It is worth noting that a similar approach could also be used to transmit RRC messages between gNBs over the Xn interface when using the SRB split configuration. In addition, it is worth noting that today the “handover command”, which is an RRC message generated by the target node and sent transparently to the source node, is transmitted over the X2-C interface (X2AP/SCTP/IP protocols) which uses the same transport protocol stack as the F1-C interface.] 

An alternative solution could be to transmit the RRC messages over dedicated GTP tunnels between the CU-CP and the DU. Each GTP tunnel would carry the traffic of an SRB. In this approach, the RRC messages would be encapsulated in PDCP-PDUs using the PDCP-C protocol. These PDCP-PDUs would be transmitted directly using the GTP/IP transport protocol stack. The GTP transport protocol is faster than the SCTP protocol. This is because the GTP protocol does not provide robust, in-order and secure transmission of messages over the transport network. Therefore, enhancements to the GTP protocol would be necessary to meet the requirements identified above (proposal 1). These enhancements would probably make GTP more complex and slower, i.e., more similar to SCTP. In addition, this solution has the drawback that both the SCTP/IP and GTP/IP protocol stacks would need to be implemented in the CU-CP. Therefore, we believe that this is not an efficient approach. Alternatively, instead of enhancing GTP, it could be possible to implement a flow control mechanism to provide robust, in-order and secure transmission of RRC messages over the GTP/IP protocol stack. However, it is not sure that this approach would provide faster delivery of RRC messages with respect to using SCTP. Furthermore, it would still require to implement both the SCTP/IP and GTP/IP transport protocol stacks in the CU-CP.
Proposal 3	The RRC messages shall be transmitted over the F1-C interface and using the F1-C protocol stack (F1AP/SCTP/IP). The RRC messages shall not be transmitted over the F1-U interface.
Proposal 4	RAN3 is kindly asked to agree with the TP in Annex I and pCR in R3-171740
Conclusion
In this contribution we discussed the transmission of RRC messages over the F1 interface. We advanced the following proposals:
Proposal 1	The F1 interface shall guarantee robust, in-order and secure transmission of RRC messages between CU and DU.  
Proposal 2	In a disaggregated gNB deployment with separate CU-CP and CU-UP, the RRC messages shall be directly exchanged between CU-CP and DU.
Proposal 3	The RRC messages shall be transmitted over the F1-C interface and using the F1-C protocol stack (F1AP/SCTP/IP). The RRC messages shall not be transmitted over the F1-U interface.
Proposal 4	RAN3 is kindly asked to agree with the TP in Annex I and pCR in R3-171740.
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Annex I: TP for 38.401
In this Annex we provide a TP for 38.401 to capture the proposals above.
Start of Text Proposal for TS 38.401
Transfer of RRC message
This function allows to transfer RRC messages between gNB-CU and gNB-DU. The RRC messages shall be transmitted over the F1-C interface and using the F1-C protocol stack (F1AP/SCTP/IP). 
Editor’s note: Whether RRC message is transferred over F1-C or F1-U or both is FFS
End of Text Proposal for TS 38.401
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