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Introduction

During last RAN2 meeting, user plane protocol and several key issues were discussed and some initial agreements were made [1]. However, there is no discussion on control plane protocol for IAB yet. In this contribution, we present several alternative control plane protocols for IAB architecture 1a. Also we discuss how to relay control plane signaling including RRC message and F1AP message. 

Discussion 
Generally, two options could be used for the relaying of control plane signaling in IAB, i.e. relaying via CP and relaying via UP. We discuss these two options respectively in this section and present our considerations. Two types of control plane signaling are analyzed respectively, i.e. RRC message, F1AP message. 

According to the discussion during last RAN2 meeting, two alternatives for architecture 1a should be further studied with regard to the location of adaptation layer. In alternative 1, adaptation layer is introduced below RLC layer, i.e. integrated with MAC layer or between MAC and RLC layer. In alternative 2, adaptation layer is introduced above RLC layer. In this contribution, we take the alternative 2 (adaptation layer above RLC) in architecture 1a as an example. 
On the other hand, in alternative 1, the adaptation layer may be terminated at the Donor DU. While in alternative 2, the adaptation layer could be terminated at the donor DU or at the donor CU. For ease of description, we discuss the architectures that the adaptation layer is terminated at the donor DU. More considerations with regard to the terminations of adaptation layer is presented in our companion paper [2].  

2.1 Control plane signaling relaying via UP 
2.1.1 Relaying of UE’s NAS/RRC signaling

According to the agreed pCR to TR 38.874 agreed during last RAN3 meeting [3], the separation of CU-UP and CU-CP shall be considered. Based on existing specification, the DU shall transmit the uplink data packets received from DRB to the CU-UP. However if the UE’s NAS/RRC signaling is relayed via UP (i.e. DRB),  the destination shall be the CU-CP instead of CU-UP. Assuming NAS/RRC signaling is relayed via UP, in order that the UE’s NAS/RRC message is transmitted to the CU-CP, two solutions are discussed in the below:

Solution 1: the NAS/RRC signaling is relayed between donor DU and CU-CP

In this solution, the NAS/RRC signaling is relayed via DRB in the backhaul link to the donor DU in the uplink. After receiving the NAS/RRC signaling via DRB, the donor DU transmits it to CU-CP via F1-C interface. An example protocol stack for solution 1 is illustrated in Figure 1. 
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Figure 1. Relaying of NAS/RRC signaling via UP, solution 1
In the uplink, the UE transmits NAS/RRC signaling via SRB to IAB node1. Upon reception of control plane signaling from UE, IAB node 1 may encapsulate it into a F1AP message. Alternatively, the F1AP layer could be replaced by adaptation layer. It means that the Donor DU shall encapsulate the F1AP message upon receiving the UE’s NAS/RRC signaling. For simplicity, it is suggested that the UE’s NAS/RRC signaling is encapsulated into a F1AP message in the IAB node 1. Then IAB node 1 shall determine the destination and next hop node of the received packets of NAS/RRC signaling based on the UE context and the routing table. And subsequently the IAB node 1 adds adaptation header for the packets. The routing information (e.g. destination ID/address) shall be contained in the adaptation header. Finally, the IAB node 1 maps the F1AP message which contains UE’s NAS/RRC signaling to a DRB of MT part of IAB node 1 and transmits it to the next hop, i.e. IAB node 2. One potential issue is that the QoS of control plane signaling could not be guarantee if it is relayed via DRB in the backhaul link. 
Observation 1: If control plane signaling is relayed via DRB, the QoS of control plane signaling could not be guaranteed.  

Suppose the Donor DU receives the packets of control plane signaling via DRB, it shall be able to differentiate the control plane packets from user plane packets in the CU-CP and CU-UP separation scenario. For example, the donor DU may differentiate control plane packets via the information contained in the adaptation header, e.g. CP indication, SRB ID. For control plane packet, the Donor DU shall deliver it to CU-CP via F1-C interface. While for user plane packets, the Donor DU shall deliver it to CU-UP via F1-U interface. 

For the downlink, Donor CU-CP encapsulates UE’s NAS/RRC signaling in a F1AP message and transmit it to Donor DU. One potential issue is how the donor DU determines the destination IAB node of the received F1AP message. To solve this issue, the IP address of destination IAB node (i.e. IAB node 1) could be indicated in the IP layer in the F1 interface. And then, the donor DU could determine the next hop according to the mapping table between the destination ID and IP address and transmit the received packets to next hop IAB node. 

Solution 2: the NAS/RRC signaling is transmitted to CU-UP first, and then transmitted from CU-UP to CU-CP

In the uplink, the NAS/RRC signaling is relayed via DRB to the CU-UP first. And then, the CU-UP transmits the received control plane signaling to the CU-CP via E1-C interface. An example protocol stack for solution 2 is illustrated in Figure 2. It should be noted that the CU-UP and CU-CP may be not collocated in the IAB donor. 
Different from solution 1, when the Donor DU receives the packets of control plane signaling via DRB in the uplink, it shall transmit them to the CU-UP via F1-U interface instead of CU-CP. The CU-UP shall be able to differentiate the control plane packets from user plane packets which are received from F1-U GTP tunnel. For control plane packet, the CU-UP shall deliver it to CU-CP via E1-C interface. While for user plane packets, the CU-UP shall deliver it to the upper layer for consequent PDCP/SDAP processing. Furthermore, the CU-UP shall be able to obtain the UE identity and SRB ID of the packets of control plane signaling. And then the CU-UP shall indicate the UE identity and SRB ID of the packets to CU-CP via E1AP message.
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Figure 2. Relaying of NAS/RRC signaling via UP, solution 2

For the downlink, similarly the donor DU and the CU-UP shall be able to obtain the destination, UE identity, SRB ID information of the received F1 GTP-U/E1AP data packets. To support this, some extra information could be contained in the E1AP message and/or F1 GTP-U header, e.g. SRB ID.  

2.1.2 Relaying of F1AP message

Here the F1AP messages are generated by IAB node which need to be enciphered by the MT part of IAB node, i.e. all F1AP message except UL RRC Message Transfer and DL RRC Message Transfer message. For the F1AP UL RRC Message Transfer and F1AP DL RRC Message Transfer message, the contained RRC message has been encrypted by the UE and the relaying could be performed as discussed in section 2.1.1. For the other F1AP message that need to be encrypted, an example protocol stack for such F1AP message is illustrated in Figure 3. As we can see, the F1AP messages could be security protected by the PDCP layer of the MT part of IAB node, the relaying shall go through CU-UP considering that the ciphering/deciphering of the F1AP message could only be performed in the CU-UP if F1AP message is relayed via UP. 

Observation 2: Assuming F1AP message is relayed via UP, the F1AP message generated by IAB node (i.e. except UL RRC Message Transfer and DL RRC Message Transfer message) shall go through CU-UP first. 
In the uplink, IAB node 1 performs SDAP/PDCP processing for the F1AP messages generated by itself. And then, IAB node 1 adds adaptation header for the data packet of F1AP message. The UE identity and DRB ID of the MT part of IAB node 1, as well as routing information (e.g. destination ID/address) shall be contained in the adaptation header. Suppose the Donor DU receives the packets of control plane signaling via DRB in the uplink, it shall transmit them to the CU-UP via F1-U interface. The CU-UP shall be able to obtain the UE identity and DRB ID of the MT part of IAB node 1 in order that the packets could be delivered to the corresponding PDCP entity. Furthermore, the CU-UP shall be able to differentiate the control plane packets from user plane packets. For control plane packet, the CU-UP shall deliver it to CU-CP via E1-C interface. While for user plane packets, the CU-UP shall deliver it to the UPF via NG-U interface. 
For the downlink, similarly the donor DU and the CU-UP shall be able to obtain the destination, MT part of IAB node 1’s UE identity and DRB ID information for the received F1 GTP-U/E1AP data packets. To support this, some extra information could be contained in the E1AP message and/or F1 GTP-U header.  

Observation 3: If control plane signaling is relayed via DRB and goes through CU-UP, a lot of standardization work is need.  
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Figure 3. Relaying of F1AP message via UP, with CU-UP

2.2 Control plane signaling relaying via CP

In this option, control plane signaling (i.e. including NAS/RRC message and F1AP message) is relayed via SRB in the backhaul link. In this way, the QoS of control plane signaling could be guaranteed. Moreover, the control plane signaling doesn’t need to go through the CU-UP, i.e. it could be transmitted directly between donor DU and CU-CP. The relaying of UE’s NAS/RRC message and F1AP message are discussed respectively in the below. 

2.2.1 Relaying of UE’s NAS/RRC signaling 

An example protocol stack for relaying of UE’s NAS/RRC signaling via CP is illustrated in Figure 4. This protocol stack is the same as solution 1 discussed in section 2.1.1 except that the serving/intermediate IAB node maps the received data packets from one SRB to another SRB and transmits it to the next hop. In this solution, the donor DU could differentiate control plane signaling from user plane signaling via the bearer type, i.e. SRB or DRB. When the Donor DU receives the packets of control plane signaling via SRB, it shall relay the received packets directly to the CU-CP. 
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Figure 4. Relaying of NAS/RRC signaling via CP

2.2.2 Relaying of F1AP message

As stated in section 2.1.2, here the F1AP message is generated by IAB node which need to be enciphered by the MT part of IAB node, i.e. all F1AP message except UL RRC Message Transfer and DL RRC Message Transfer message. For the F1AP UL RRC Message Transfer and F1AP DL RRC Message Transfer message, the contained RRC message has been encrypted by the UE and the relaying could be performed as discussed in section 2.2.1. For the other F1AP message that need to be encrypted, an example protocol stack for relaying of F1AP message is illustrated in Figure 5. In this solution, the relaying of F1AP message doesn’t need to go through CU-UP in the CU-CP and CU-UP separation scenario. 
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Figure 5. Relaying of F1AP message via CP

In the uplink, IAB node 1 generates the F1AP message and map it into a new SRB. Then, IAB node 1 adds adaptation header for the data packet of F1AP message. The UE identity and SRB ID of the MT part of IAB node 1, as well as routing information (e.g. destination ID/address) shall be contained in the adaptation header. When the Donor DU receives the packets of control plane signaling via SRB in the uplink, it shall transmit them to the CU-CP via F1-C interface. The F1AP message transmitted from donor DU to CU-CP shall contain the UE identity and SRB ID of the MT part of IAB node 1 according to the information in the adaptation header. For the downlink, similarly the donor DU shall be able to obtain the destination, MT part of IAB node 1’s UE identity and SRB ID information for the received F1AP message, which could be contained in the F1AP message. 
Observation 4: Assuming the control plane signaling is relayed via CP, the QoS of control plane signaling could be guaranteed. 

Observation 5: Assuming the control plane signaling is relayed via CP, the control plane signaling doesn’t need to go through the CU-UP, i.e. it could be transmitted directly between donor DU and CU-CP.

Proposal 1: It is suggested that the control plane signaling is relayed via CP for IAB architecture 1a considering the QoS and standardization effort aspects. 

Conclusion

In this contribution, we presented several potential control plane protocols for IAB. And then we discussed how to relay control plane signaling including RRC message and F1AP message. And we have the following observations and proposals:

Observation 1: If control plane signaling is relayed via DRB, the QoS of control plane signaling could not be guaranteed.  

Observation 2: Assuming F1AP message is relayed via UP, the F1AP message generated by IAB node (i.e. except UL RRC Message Transfer and DL RRC Message Transfer message) shall go through CU-UP first. 
Observation 3: If control plane signaling is relayed via DRB and goes through CU-UP, a lot of standardization work is need.  

Observation 4: Assuming the control plane signaling is relayed via CP, the QoS of control plane signaling could be guaranteed. 

Observation 5: Assuming the control plane signaling is relayed via CP, the control plane signaling doesn’t need to go through the CU-UP, i.e. it could be transmitted directly between donor DU and CU-CP.

Proposal 1: It is suggested that the control plane signaling is relayed via CP for IAB architecture 1a considering the QoS and standardization effort aspects. 
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