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1 Introduction
In last RAN3 #100 meeting, a TP for TR 38.470 about the IAB node integration [1] has been agreed based on email discussions summarized in [2]. From the TP, IAB-node integration has the following three phases: 
1. The IAB-node authenticates with the operator’s network and establishes IP connectivity to reach OAM functionality for OAM configuration. 
· This phase includes discovery and selection of a serving node, which can be an IAB-donor or another IAB-node. The IAB-node may retrieve this information, e.g. from OAM or via RAN signaling such as OSI or RRC.
· This phase further includes setting up connectivity to other RAN nodes and CN. 
· This phase involves the MT function on the IAB-node.
2. The IAB-node’s DU, gNB, or UPF are set up together with all interfaces to other RAN-nodes and CN. This phase must be performed before the IAB node can start serving UEs or before further IAB-nodes can connect. 
· For architectures 1a and 1b, this phase involves setup of the IAB-node’s DU and the F1-establishment to the IAB-donor’s CU-CP and CU-UP.
· For architecture 2a, this phase involves setup of the IAB-node’s gNB and UPF as well as integration into the PDU-session forwarding layer across the wireless backhaul. 
· This phase includes the IAB-node’s integration into topology and route management.
3. The IAB-node provides service to UEs or to other integrated IAB-nodes. 
· UEs will not be able to distinguish access to the IAB-node from access to gNBs.
In this contribution, we present some further consideration about the details of IAB node’s access procedures.
2 [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Discussion
[bookmark: OLE_LINK941][bookmark: OLE_LINK942]In an exemplary two-hop IAB case, the IAB donor has CU part (Donor-CU) and DU part (Donor-DU), the adaptation layer towards IAB nodes is located at Donor-DU, and the newly deployed IAB node 2 needs to establish a connection to the network through the previously deployed IAB node 1 which connects to the donor-CU via Donor-DU. As mentioned in [3], for architecture group 1, each IAB node holds both mobile termination (MT) part and DU part. Consequently, IAB node 2 will connect to the network as a MT at phase 1, and then setup its DU’s function in phase 2 before serving UEs in phase 3. In what follows, we mainly focus on details of procedures for phase 1 and phase 2.
2.1	Phase 1. IAB node connect the network as a MT to obtain essential IAB related configurations
As shown in Figure 1, the IAB node 2 should connect to network as a MT and download some requisite configurations which are useful for its DU part in phase I. Since it is straightforward to take the normal UE’s initial access procedure as a baseline, we mainly focus on the process and encapsulation format of control plane messages in each of the involved nodes, and some detailed steps are not shown to concise the description. For example, the IAB node 2’s RACH procedure which includes sending a preamble towards IAB node 1 and recieving RAR from IAB node 1, before the current step 1 are not shown in Figure 1. 
It should be noted that the F1AP messages of the IAB node will be transported via an RLC channel (either a SRB related RLC channel or a DRB related RLC channel) in the backhaul interface. While the encapsulation format of control plane messages in Figure 1-Figure 3 is given based on the assumption that the F1AP message of IAB node is transported via an SRB related RLC channel (in the following part, we use “SRB” for simplicity), if a DRB related RLC channel is used instead, the encapsulation format can refer to the format given in [4].  
Step 1. IAB node 2 send “RRC connection request” to IAB node 1.
Step 2. IAB node 1 generates F1AP message (i.e. the initial UL RRC Message) to carry the RRC message sent from IAB node 2. The generated F1AP message includes an IAB node2’s identifier assigned by IAB node 1 (e.g. the F1AP UE ID assigned by IAB node 1 to identify the MT part of IAB node 2 in the F1*-C connection between IAB node 1 and Donor-CU). 
[bookmark: OLE_LINK18]The F1AP message will be delivered to the adaptation layer after some security operation in PDCP layer. In the adaptation layer, some routing related information (e.g. IAB node 1’s address, Donor-CU’s address) will be added in the adaptation header, and the Adapt PDU is mapped to a RLC channel corresponding to an SRB. Then the Adapt PDU will be delivered to lower layers to go through some remaining Layer 2 and PHY layer processing. 
As discussed in [4], the F1AP message can be carried by dedicated SRB or some common SRB (i.e. some existing SRB) in the wireless backhaul links, and it is worth noting that if a common SRB is used to carry F1AP message in the backhaul link, then an indicator to specify the carried message type (IAB node’s RRC message or F1AP message) is needed in RLC PDU. 
Step 3. IAB node 1 transmits the encapsulated uplink F1AP message to Donor-DU via SRB.
Step 4. Donor-DU learns the specific message type (F1AP message of IAB node) according to the specific SRB or the message type indicator, and obtains routing information from adaptation header. Then it removes the header of adaptation layer, and encapsulates the payload 2 (including the F1AP message of IAB node) in its own F1AP message. 
New types of F1AP messages (e.g. UL IAB F1AP message transfer, DL IAB F1AP message transfer, etc) which are used to carry encapsulated F1AP message of IAB nodes may be needed in the wired F1-C connection between donor-DU and donor-CU. Routing related information which may include IAB node1’s address can be contained in the donor-DU’s F1AP message.
Step 5. Donor-DU sends its F1AP message which contains the IAB node 1’s F1AP message towards the donor-CU.
Step 6. After decapsulation of the F1AP message received from Donor-DU, Donor-CU get payload 2, and obtains the “RRC connection request” message inside payload 2 through further decapsulation.
Donor-CU can do admission control according to the IAB node 1’s decision, e.g., the IAB node 1’s decision about whether to permit the connection request from IAB node 2 or not can be expressed through the contents of the F1AP message (initial UL RRC transfer) generated by IAB node 1. After admission control, the Donor-CU will generate the corresponding RRC message for IAB node 2 (e.g. RRC connection setup if the connection request is permitted, etc.), and encapsulate the RRC message inside an F1AP message (DL RRC message transfer) which will be sent towards IAB node 1 and be encapsulated as part of payload 2 in another F1AP message (e.g. DL IAB F1AP message transfer) towards Donor-DU. 
Step 7. Donor-CU sends the F1AP message (e.g. DL IAB F1AP message transfer) which contains payload 2 towards the Donor-DU and routing information (e.g., IAB node 1 address, Donor-CU address, etc.) for the payload 2.
Step 8. Donor-DU extract payload 2 from the received F1AP message (e.g. DL IAB F1AP message transfer), and adds the adaptation layer header which includes essential routing information for payload 2. 
Step 9. Donor-DU transmits the encapsulated downlink F1AP message (DL RRC message transfer, inside payload 2) towards IAB node 1 via SRB.
Step 10. IAB node 1 learns the specific message type (F1AP message of IAB node) according to the specific SRB or the message type indicator, and knows that the F1AP message is for itself from the routing information in the adaptation header. Then it removes the header of adaptation layer, and obtains the F1AP message which contains the RRC message for IAB node 2 after receiver processing of the PDCP layer.
Step 11. IAB node 1 send the RRC message (RRC connection setup) towards IAB node 2.
Step 12. More subsequent steps for IAB node 2 to connect the network as a normal UE, such as IAB node 2 sending RRC connection setup complete towards donor-CU, authentication, PDU session establishment for connection to OAM, security mode configuration, IAB node 2 related context configuration in RAN side, setup of IAB node 2’s radio bearer, etc., details about these steps are not shown in this contribution. However, it is understandable that for involved RAN part nodes in the subsequent steps, the behaviour of how to handle the control plane messages (transportation and processing of messages) shown in the previous steps can be used for reference.
Then IAB node 2 will get some IAB related configuration information (e.g. address configured for IAB node 2 as a wireless DU, Donor-CU’s address, which are needed for IAB node 2’s adaptation layer, etc.) from network nodes (e.g. OAM for IAB node, Donor-CU etc.). After that, the adaptation layer at the MT of IAB node2 will be established since the F1* interface setup procedures at Phase 2 needs it to perform routing functions and above mentioned configuration information is enough to support such functions.


[bookmark: _Ref513139509]Figure 1.Phase I of IAB node’s startup procedure.
Proposal 1: IAB node’s F1AP message can be carried by either dedicated SRB or some common SRB (i.e. some existing SRB) in wireless backhaul links. 
Proposal 2: If common SRB is used to carry F1AP in backhaul links, an indicator of message type needs to be carried to specify whether the payload is IAB node’s RRC message or F1AP message.
Proposal 2: Enhancement to the native F1-C interface between CU and DU is essential, e.g. routing information used to forwarding IAB node’s F1AP messages in adaptation layer of wireless backhaul links needs to be carried in the F1AP message between CU and DU, new types of F1AP message between CU and DU are needed to carry some message containers for IAB node’s PDCP encapsulated F1AP message, etc. 
2.2	Phase 2. Set up of IAB nodes DU part and F1 interface towards CU 
As shown in [5], for each alternative of control plane protocol stack for architecture group 1, both the IAB donor and the IAB node are equipped with an adaptation layer, which is used at least for routing of control plane PDUs, e.g. F1AP messages of IAB node’s DU part, RRC messages of UE or IAB node’s MT part, etc. Consequently, each F1AP message needs to be forwarded relying on the routing information carried in adaptation layer. Thus, before a newly added IAB node can send F1AP messages, other intermediate IAB nodes and IAB donor should be aware of how to route F1AP messages for this newly added IAB node. Otherwise, these intermediate IAB nodes and donor DU will be confused about the routing information for IAB node 2 carried in the adaptation layer of the packets which carry IAB node 2’s F1AP message as payload. 
In other words, other intermediate IAB nodes and the donor-DU should be configured with updated routing information due to the topology change introduced by the new added IAB node. As a result, in phase 2 of IAB node integration, the following two sub-phases are needed: 
· Sub Phase 2.1. Routing update for Donor-DU and other intermediate IAB nodes due to topology changing.
· Sub Phase 2.2. F1* interface setup procedure between new added IAB node and Donor-CU.
1 [bookmark: _Ref516239800]
2 
2.1 
2.2 
2.2.1  Sub phase 2.1
If destination address based routing is used in the IAB network, some routing configuration for DU and intermediate IAB nodes (e.g. IAB node 1) needs to be updated in sub phase 2.1, due to the topology changes resulted from the newly accessed IAB node 2. More details about the sub phase 2.1 are shown in Figure 2 and described as follows.
Step 1. Donor-CU send F1AP message which includes the routing configuration information towards donor-DU to Donor-DU. The mentioned routing configuration is useful for the routing function in adaptation layer of donor DU, and it may contain e.g. the IAB node 2’s address, and the designated next hop node (i.e. IAB node 1’s address), etc.
Step 2. Donor-CU send F1AP message which includes another inner F1AP message contains the routing configuration information towards IAB node 1 to Donor DU. 
Step 3. Donor-DU extract the inner F1AP message contains the routing configuration information towards IAB node 1, then sends the Adapt PDU to IAB node 1 via SRB (with architecture 1a) or DRB (with architecture 1b). The mentioned routing configuration information will be used by the routing function in adaptation layer of IAB node 1, and it may contain e.g. IAB node2’s address, the designated next hop node (i.e. IAB node2’s address), etc.
It is worth noting that both the Donor-DU and IAB node 1 need to send response messages corresponding to received routing configuration information (in step 13 and step 15) towards Donor CU, the related response steps are omitted.


[bookmark: _Ref517423569]Figure 2. Sub phase 2.1 of IAB node’s startup procedure for architecture group 1.
2.2.2 [bookmark: OLE_LINK15] Sub phase 2.2
In phase 2.2, the F1* interface between IAB node 2 and Donor-CU will be established at first, and then some configuration update interactions can be communicated via the F1* interface. The F1 setup procedure between gNB-CU and gNB-DU can be used as a baseline.
Step 1. IAB node 2 generates F1AP message and does security protection in PDCP layer to get payload 3, then adds routing information (e.g. IAB node 2’s address, Donor-CU’s address) in adaptation layer. After that, it sends the Adapt PDU to IAB node 1 via SRB.
Step 2. IAB node 1 forwards the payload 3 towards Donor-DU according to the routing information contained in the adaptation layer header.
Step 3. Donor-DU encapsulates the payload 3 in its F1AP message and sends the F1AP message to Donor-CU.
Step 4. Donor-CU extracts payload 3, and gets the inner F1AP message (i.e. F1* setup request) sent from IAB node 2, then generates DL F1AP message (i.e. F1* setup response) in response to the IAB node 2’s connection request, and encapsulates it to another outer DL F1AP message towards Donor DU.
Step 5. Donor-CU sends the nested F1AP message to Donor DU.
Step 6. Donor-DU extracts the inner DL F1AP message and adds routing information in the adaptation layer header, and then forwards the Adapt PDU to IAB node 1 via SRB.
Step 7. IAB node 1 forwards the DL F1AP message to IAB node 2 via SRB. 
Step 8. CU/ IAB node 2’s configuration update. 


[bookmark: _Ref513647676]Figure 3. Phase 2.2 of IAB node’s startup procedure.

Proposal 4: For architecture group 1, there are two sub phases in phase 2 of IAB node integration, which are: 
· Sub Phase 2.1. Routing update for Donor-DU and other intermediate IAB nodes due to topology changing.
· Sub Phase 2.2. F1* interface setup procedure between new added IAB node and Donor-CU.
3 Conclusions
In this contribution, some details about the phase 2 of IAB node’s integration procedure with architecture group 1 is investigated, and we propose that 
Proposal 1: IAB node’s F1AP message can be carried by either dedicated SRB or some common SRB (i.e. some existing SRB) in wireless backhaul links. 
Proposal 2: If common SRB is used to carry F1AP in backhaul links, an indicator of message type needs to be carried to specify whether the payload is IAB node’s RRC message or F1AP message.
Proposal 3: Enhancement to the native F1-C interface between CU and DU is essential, e.g. routing information used to forwarding IAB node’s F1AP messages in adaptation layer of wireless backhaul links needs to be carried in the F1AP message between CU and DU, new types of F1AP message between CU and DU are needed to carry some message containers for IAB node’s PDCP encapsulated F1AP message, etc. 
Proposal 4: For architecture group 1, there are two sub phases in phase 2 of IAB node integration, which are: 
· Sub Phase 2.1. Routing update for Donor-DU and other intermediate IAB nodes due to topology changing.
· Sub Phase 2.2. F1* interface setup procedure between new added IAB node and Donor-CU.
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