Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk506274156]3GPP TSG-RAN WG2 #101bis	R2-1804811
Sanya, P.R. China, 16-20 April 2018

Agenda Item:	11.1
Source:	Ericsson
Title:	Setup procedures for IAB-node and a UE connected to an IAB node 
Document for:	Discussion, Decision

Introduction
The IAB study item has started in 3GPP RAN2-AH-1801. According to the agreements made in the last RAN2 meeting, the study item will focus on IAB with physically fixed relays and will give high priority to NR access over NR backhaul.
The setup and configuration for the IAB node is the first step in the operation of the IAB node.
[bookmark: _GoBack]In R3-181311, we have analysed options for IAB node functionality, ranging from a full gNB visible in CN to a DU served by a CU located in the “wired” part of the network. As discussed there, we have identified that the IAB node as a DU has advantages over the architecture option where the IAB node is a full gNB. So, this contribution focuses on that scenario. 
[bookmark: _Hlk505772870]Background
Here we describe the current procedures for a UE registering to the network, all in the context of CU-DU split, and NR only scenario. This procedure is used as a reference case for the IAB setup procedure.
Overall UE setup procedures in CU/DU split architecture
The signalling flow for UE initial access is shown in figure 1 [TS 23.502].
1. The UE sends RRC Connection Request message to the gNB-DU.
2. The gNB-DU includes the RRC message and, if the UE is admitted, the corresponding lower layer configuration for the UE in the F1AP INITIAL UL RRC MESSAGE message and transfers to the gNB-CU. The INITIAL UL RRC MESSAGE message includes the C-RNTI allocated by the gNB-DU.
3. The gNB-CU allocates a gNB-CU UE F1AP ID for the UE and generates RRC CONNECTION SETUP message towards UE. The RRC message is encapsulated in the F1AP DL RRC MESSAGE TRANSFER message.
4. The gNB-DU sends the RRC CONNECTION SETUP message to the UE.
5. The UE sends the RRC CONNECTION SETUP COMPLETE message to the gNB-DU.
6. The gNB-DU encapsulates the RRC message in the F1AP UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU.
7. The gNB-CU sends the INITIAL UE MESSAGE to the AMF.
At this point the UE will perform UE registration (including authentication and key generation) and PDU session establishment. For detailed procedures see TS 23.502.
8. The AMF sends the INITIAL UE CONTEXT SETUP REQUEST message to the gNB-CU.
9. The gNB-CU sends the UE CONTEXT SETUP REQUEST message to establish the UE context in the gNB-DU. In this message, it may also encapsulate the RRC SECURITY MODE COMMAND message.
10. The gNB-DU sends the RRC SECURITY MODE COMMAND message to the UE.
11. The gNB-DU sends the UE CONTEXT SETUP RESPONSE message to the gNB-CU.
12. The UE responds with the RRC SECURITY MODE COMPLETE message.
13. The gNB-DU encapsulates the RRC message in the F1AP UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU.
14. The gNB-CU generates the RRC CONNECTION RECONFIGURATION message and encapsulates it in the F1AP DL RRC MESSAGE TRANSFER message.
15. The gNB-DU sends RRC CONNECTION RECONFIGURATION message to the UE.
16. The UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to the gNB-DU.
[bookmark: _Hlk506201034]17. The gNB-DU encapsulates the RRC message in the F1AP UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU.
18. The gNB-CU sends the INITIAL UE CONTEXT SETUP RESPONSE message to the AMF.
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[bookmark: _Hlk506274342]Figure 1 UE initial access procedure
IAB node setup
In our view the IAB node setup is made up of three different phases which can be analyzed separately. 
In the first phase, the IAB node establishes IP connectivity to the operator’s network. This enables the IAB node to reach OAM functionality for initial OAM configuration, as well as setting up connectivity to the CU which is performed in the next phase. 
In the second phase called IAB node is setup as a DU, where the IAB node sets up the F1 connectivity to a CU. This phase must be performed before the IAB node can start serving UE’s. In this phase, the DU activates the cells based on the information received in the F1 setup response. The UE part of the IAB node makes a cell search based on the PSS-SSS and finds the cell id, decoding the MIB and the SIBs. This is followed by the RACH and RAR procedure and then by RRC connection request.
In the third phase, the IAB node is up and running as a DU and UEs will not be able to distinguish it from other gNBs. As such, it can start serving UE’s like any other DU/gNB. 

The IAB node setup involves three phases:
a. Establishing IP connectivity to operator network,
b. Setting up the IAB node as a DU,
c. Serving end users (IAB node up and running).
   
[bookmark: _Toc506483502][bookmark: _Toc506535315][bookmark: _Toc506549313][bookmark: _Toc506549455][bookmark: _Toc506549490][bookmark: _Toc506553112][bookmark: _Toc506553375][bookmark: _Toc506553479][bookmark: _Toc506553634][bookmark: _Toc506563510][bookmark: _Toc510723233]The IAB node setup should be split into three different phases, namely a) establishing connectivity, b) IAB node setup as a DU, and c) IAB node up and running. These three phases should be further analysed for the proposed architectures for the IAB node.

Phase 1: Establishing IP connectivity
As a first step, an IAB node needs to get connected to an operator internal network. For this purpose, one possible option is to study the legacy UE attach procedure shown in figure 1 and tailor it to meet the requirements of an IAB node (as shown in figure 2). One promising modification is the use of a specific network slice for IAB nodes when they establish connectivity. This would make it possible for the RAN nodes serving the IAB node to reach OAM functionality for initial OAM configuration and selects a specific 5GC instance serving IAB nodes. 
Additionally, an IAB node authentication process could be different than that of legacy UE as the IAB node is a network node serving several UEs and may have different security requirements. Similarly, the mobility management is not required for physically fixed IAB node, which could potentially simplify some functionalities. It also seems beneficial to utilize the UP/CP split of the 5GC to put the UPF functionality for the IAB nodes closer to the RAN to allow optimized routing of RAN signalling and data.
[bookmark: _Toc506553113][bookmark: _Toc506553376][bookmark: _Toc506553480][bookmark: _Toc506553635][bookmark: _Toc506553114][bookmark: _Toc506553377][bookmark: _Toc506553481][bookmark: _Toc506553636][bookmark: _Toc506449655][bookmark: _Toc506464435][bookmark: _Toc506467163][bookmark: _Toc506468603][bookmark: _Toc506468651][bookmark: _Toc506483500][bookmark: _Toc506535313][bookmark: _Toc506549310][bookmark: _Toc506549456][bookmark: _Toc506549491][bookmark: _Toc506553115][bookmark: _Toc506553378][bookmark: _Toc506553482][bookmark: _Toc506553637][bookmark: _Toc506563511][bookmark: _Toc510723234]Further studies should be conducted to modify/optimize the existing UE attach procedure or propose a new setup procedure for IAB connectivity to operator internal network. 
[bookmark: _Toc506549311][bookmark: _Toc506549457][bookmark: _Toc506549492][bookmark: _Toc506553116][bookmark: _Toc506553379][bookmark: _Toc506553483][bookmark: _Toc506553638][bookmark: _Toc506563512][bookmark: _Toc510723235]Assigning IAB nodes to a specific network slice could be beneficial to support specific 5GC instances/functionalities dedicated to serving the IAB nodes.
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Figure 2 High level illustration of IAB node connectivity procedure

[bookmark: _Hlk506479619]Phase 2: IAB node setup as a DU
The signalling flow for activating the DU functionality of an IAB node is shown in figure 3, which is adopted from the F1 setup procedure of TS 38.470. After establishing connectivity to an operator internal network, the DU (functionality of IAB node) and its cells/sectors need to be configured by OAM before the DU can send an F1 Setup Request message to its corresponding CU, i.e., IAB-CU. Once the DU (functionality of IAB node) and its cells/sectors are configured by OAM, the DU has TNL connectivity to the IAB-CU. The DU sends an F1 Setup Request message to the IAB-CU including a list of cells/sectors that are configured and ready to be activated. The IAB-CU ensures the connectivity to the core network, and thus, it initiates either the NG Setup or the gNB Configuration Update procedure toward the 5GC. The IAB-CU sends an F1 Setup Response to the DU (functionality of IAB node) that optionally included a list of cells/sectors to be activated. If the DU succeeds to activate the cell(s)/sector(s), then the cells/sectors become operational. 
Similarly, the IAB-CU may later send an IAB-CU Configuration Update message to the DU that optionally includes a list of cells/sectors to be activated in case these cells/sectors were not activated through the F1 Setup Response message. The F1AP message sent by the DU can use DRBs at the link between IAB node and DU entity of the donor gNB-CU/DU that was setup during the IAB connectivity establishment procedure discussed in section 3.1. For example, the F1AP messages can be mapped to a higher priority Radio bearer compared to the ones to be used later for the data of UEs connected to the IAB node. The example in figure 3 shows one variant of how the F1 message is delivered using the user plane at the intermediate links. However, other alternatives can be explored for delivering the F1 message.

[bookmark: _Toc506553117][bookmark: _Toc506553380][bookmark: _Toc506553484][bookmark: _Toc506553639][bookmark: _Toc506449656][bookmark: _Toc506464436][bookmark: _Toc506467164][bookmark: _Toc506468604][bookmark: _Toc506468652][bookmark: _Toc506483501][bookmark: _Toc506535314][bookmark: _Toc506549312][bookmark: _Toc506549458][bookmark: _Toc506549493][bookmark: _Toc506563513][bookmark: _Toc510723236]The F1 interface is used to setup the logical connection between the IAB node and its CU. The details of the transportation of the F1 UP/CP messages over the backhaul link (protocols, security aspects, etc) are FFS.



[image: ]
Figure 3 IAB node setup as a DU

Phase 3: IAB node up and running
Figure 4 shows an example where an IAB node is up and running, ready to serve UEs. Again, in this example the F1 message is delivered using the user plane at the intermediate links. Note that in this example, we have shown separate CUs for the IAB node and gNB-CU/DU for the sake of completeness, but they could actually be bundled together in one node. 
[image: ]Figure 4 UE setup under an IAB node
IAB nodes attached in cascade to the network
Figure 5 shows an example of how the IAB nodes are attached in cascade to the network. Note that the UE-functionality of the IAB node is denoted as MT (Mobile Termination). In this multi-hop example, the DUs of the IAB nodes acquire the startup/pre-operational parameters (described in TS.38.470) during the OAM procedure prior to the F1 setup. In general, the DU activates the cells based on the information received in the F1 setup response. The MT part of the IAB node makes a cell search based on the PSS-SSS and finds the cell id, decoding the MIB and the SIBs. This is followed by the RACH and RAR procedure and then by RRC connection request. The same cycle of steps is repeated every time a new IAB node connects as an MT to the network via the already connected IAB nodes.

[image: C:\Users\ezmuhaj\Downloads\Setup_IAB.png]
Figure 5 Signalling flow for multi-hop IAB setup 

Summary
In this contribution, we have identified three different phases for setting up an IAB node and provided a high-level signalling flow for these phases. These phases should be further studied for each architecture/protocol options to be studied during this study item. The detailed signalling flow for all the three phases should be captured in TR 38.874. 

[bookmark: _Toc506553381][bookmark: _Toc506553485][bookmark: _Toc506553640][bookmark: _Toc506563514][bookmark: _Toc510723237]For all the architecture/protocol options to be discussed in this study item, the details of the three phases of the IAB node setup should be captured in TR 38.874.



Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we have discussed the different phases of the IAB setup procedure, and we propose: 

Proposal 1	The IAB node setup should be split into three different phases, namely a) establishing connectivity, b) IAB node setup as a DU, and c) IAB node up and running. These three phases should be further analysed for the proposed architectures for the IAB node.
Proposal 2	Further studies should be conducted to modify/optimize the existing UE attach procedure or propose a new setup procedure for IAB connectivity to operator internal network.
Proposal 3	Assigning IAB nodes to a specific network slice could be beneficial to support specific 5GC instances/functionalities dedicated to serving the IAB nodes.
Proposal 4	The F1 interface is used to setup the logical connection between the IAB node and its CU. The details of the transportation of the F1 UP/CP messages over the backhaul link (protocols, security aspects, etc) are FFS.
Proposal 5	For all the architecture/protocol options to be discussed in this study item, the details of the three phases of the IAB node setup should be captured in TR 38.874.
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