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Introduction

During RAN#82 meeting, IAB WI was approved [1]. In the new WID, the following objectives are included:

Functions on gNB CU-CP for topology and route. 
Specification of configuration of adaptation layer at the IAB nodes and donor DU including: configuration of BH RLC channels, QoS information, route identifiers, routing tables, bearer-mappings.
According to the workplan for IAB WI [2], CP protocol stack needs further study.  The protocol stack for control plane signaling forwarding in IAB scenario were discussed in SI, and only CP alternatives 2 and 4 are considered for the control signaling mapping [3]. In this contribution, we analyze the design details of the two control plane protocol stacks one by one.
Discussion

2.1 Alternative 2
Figure 1 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 2. In these examples, the adaptation layer resides on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included. As shown in the figure, the DU’s F1-AP is carried over an SRB of the collocated MT. F1-AP is protected by this SRB’s PDCP. In addition, the following essential control plane functionalities are supported:

-
Reliable transport: via RLC over the wireless backhaul; 

-
In-order delivery: via PDCP;
-
Security: via PDCP.

In architecture group 1, each IAB node use a MT to connect with its parent node. Whether to include the adaptation layer on MT’s access link could have different impacts although both of the solutions could work. When adaptation layer is present on MT’s access link, the RRC signaling of the IAB node’s MT and the signaling forwarded by the IAB node may be multiplexed with the same SRB for transmission, and thus the same processing rules can be used for MT’s access traffic and BH traffic. While if adaptation layer is not present on MT’s access link, different processing rules are used for MT’s access traffic and BH traffic, and logical channel space is reduced due to that separate logical channel needs to be assigned for MT traffic. Therefore, adaptation layer present on MT’s access link is a better choice for future work. 

Proposal 1: Adaptation layer present on MT’s access link is a better choice for future work. 
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Figure 1 Example for alternative 2 of architecture 1a. 2a: UE’s RRC, 2b: MT’s RRC, 2c: DU’s F1-AP

In 2a, IAB node1 simply forwards the UL control signaling to the IAB donor DU according to the routing information. In 2b, for the received UL control signaling, IAB node1 needs to remove its original adapt header, encapsulate it into the F1AP message, and then deliver the F1AP message to the corresponding MT’s PDCP entity. In order to distinguish these two different signalling processing, it is necessary to include an indication in the adapt header at the IAB node 2. For example, the MT originated/forwarded indication. If the MT originated indication is included in the adapt header, IAB node 1 performs the processing in 2b. While IAB node 1 performs the processing in 2a when MT forwarded indication is included in the adapt header.
Proposal 2: The MT originated/forwarded indication can be included in the adapt header, which allows the parent IAB node to distinguish these two types of signalling.

For convenience of description, in the CU-CP of Figure 1, the F1AP layer above the SCTP layer is called outer F1AP layer, while another F1AP layer is called inner F1AP layer. The PDCP layer above the outer F1AP layer is called outer PDCP layer, while another PDCP layer is called inner PDCP layer. The packet delivered from outer F1AP layer to the outer PDCP layer is called outer PDCP PDU. As shown in Figure 1, after receiving the UL packet from the donor DU, CU-CP decapsulates the packet and obtains an outer PDCP PDU finally. Then, the CU-CP delivers the outer PDCP PDU to the inner F1AP entity after the PDCP processing is completed. This is quite different from the traditional protocol stack, where control signaling is traditionally delivered to RRC layer after completing the PDCP processing. It is necessary to find the corresponding PDCP entity to deliver this outer PDCP PDU. To this end, the F1AP message delivered from the donor DU to the CU-CP needs to carry the IAB node MT and SRB identification information corresponding to the outer PDCP PDU. The IAB node can encapsulate its MT’s ID and SRB ID in the adapt header. The IAB donor DU can obtain the information by decapsulating adapt header, and then encapsulates the information into F1AP message. 

Proposal 3: The IAB node MT and SRB identification information need to be carried in the adapt layer for UL control signaling transmitted to the donor.

After receiving the DL control signaling from the parent node, the IAB node MT judges whether the target IAB node DU ID/MT ID information included in the adapt header is consistent with its own. If so, the IAB node MT delivers the packet to the F1AP entity after PDCP processing. If the target IAB node DU ID/MT ID information included in the adapt header is not consistent with its own, for example in 2b, the IAB node 1 continues to deliver the RRC message contained in the F1AP message to the IAB node 2.
Proposal 4: To support the DL control signaling forwarding, the following information needs to be carried in the adapt layer of donor DU: the IAB node DU ID or the the collocated IAB node MT ID, and SRB ID. 

2.2 Alternative 4
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Figure 2: Example for alternative 4 of architecture 1a. 4a: UE’s RRC, 4b: MT’s RRC, 4c: DU’s F1-AP

Figure 2 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 4. In this figure, the adaptation layer resides on top of RLC and carries an IP-layer. This alternative has the following main features:

-
The IP-layer carried by adapt is connected to the fronthaul’s IP-plane through a routing function at the IAB-donor DU. On this IP-layer, all IAB-nodes hold IP-addresses, which are routable from the IAB-donor CU-CP;
-
F1-C is protected via NDS, e.g. via D-TLS;
-
The following essential control plane functionalities are supported:

-
Reliable transport: via SCTP; 

-
In-order delivery: via SCTP;
-
Security: via NDS. 
Considering the advantages of including the adaptation layer on MT’s access link, it is also suggested that adaptation layer is present on MT’s access link for alternative 4. Similarly, the MT originated/forwarded indication can be included in the adapt header. 

Proposal 5: It is also suggested that adaptation layer is present on MT’s access link for alternative 4, and the MT originated/forwarded indication can be included in the adapt header.
After the donor DU receives the DL control signaling from the CU, it can determine the next hop through the following two methods:
IAB donor DU uses the destination IAB node DU ID to determine the next hop, where the destination IAB node DU ID is derived by the IP address. The destination IAB node DU ID needs to be carried by adapt header. Noted that the IAB donor DU needs to be configured with the mapping relationship between the IP address and the IAB node DU ID.

IAB donor DU directly uses the IP address to determine the next hop. In this case, the routing table at IAB donor DU includes destination IP address and next hop IAB node DU/MT ID.

The first method requires the adapt header to carry the destination DU information, and the IAB donor DU needs to be configured with the mapping of the destination DU ID and IP address. While the IAB donor DU just determines the next hop according to the routing table. Obviously, method 2 has less overhead than method 1.

Observation 1: The first method requires the IAB donor DU to encapsulate destination DU information into the adapt header, and the IAB donor DU needs to be configured with the mapping of the destination DU ID and IP address. Therefore, more overhead is needed for method 1.
Proposal 6: It is suggested that IAB donor DU directly uses the IP address to determine the next hop.
As we can see in Figure 1 and 2, the essential difference between the two alternatives lies in CP signaling security protection. F1AP is protected via PDCP over the wireless backhaul in alternative 2, while it is protected via NDS, e.g. via D-TLS, in alternative 4. Since security-related content has been discussed in SA3. Therefore, it is suggested to wait for RAN 3’s conclusion.
Proposal 7: Essentially, the main difference between alternative 2 and 4 is security protection, so we can wait for SA3’s conclusion.
Conclusion

Based on the discussion, we have the following observations and proposals:

Observation 1: The first method requires the IAB donor DU to encapsulate destination DU information into the adapt header, and the IAB donor DU needs to be configured with the mapping of the destination DU ID and IP address. Therefore, more overhead is needed for method 1.
Proposal 1: Adaptation layer present on MT’s access link is a better choice for future work. 
Proposal 2: The MT originated/forwarded indication can be included in the adapt header, which allows the parent IAB node to distinguish these two types of signalling.

Proposal 3: The IAB node MT and SRB identification information need to be carried in the adapt layer for UL control signaling transmitted to the donor.

Proposal 4: To support the DL control signaling forwarding, the following information needs to be carried in the adapt layer of donor DU: the IAB node DU ID or the the collocated IAB node MT ID, and SRB ID. 
Proposal 5: It is also suggested that adaptation layer is present on MT’s access link for alternative 4, and the MT originated/forwarded indication can be included in the adapt header.
Proposal 6: It is suggested that IAB donor DU directly uses the IP address to determine the next hop.
Proposal 7: Essentially, the main difference between alternative 2 and 4 is security protection, so we can wait for SA3’s conclusion.
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