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1 Introduction
A new study item on “Integrated Access and Backhaul for NR” was approved in RAN#75[1], and in RAN3 #99 meeting [2], five architecture types divided into two groups are summarized as follows:
Architecture group 1: Consists of architectures 1a and 1b. Both architectures leverage CU/DU split architecture.
· Architecture 1a: 
· Backhauling of F1-U uses an adaptation layer or GTP-U combined with an adaptation layer. 
· Hop-by-hop forwarding across intermediate nodes uses the adaptation layer.
· Architecture 1b: 
· Backhauling of F1-U on access node uses GTP-U/UDP/IP. 
· Hob-by-hop forwarding across intermediate node uses the adaptation layer.
Architecture group 2: Consists of architectures 2a, 2b and 2c
· Architecture 2a: 
· Backhauling of F1-U or NG-U on access node uses GTP-U/UDP/IP.
· Hop-by-hop forwarding across intermediate node uses PDU-session-layer routing.
· Architecture 2b: 
· Backhauling of F1-U or NG-U on access node uses GTP-U/UDP/IP.
· Hop-by-hop forwarding across intermediate node uses GTP-U/UDP/IP nested tunnelling.
· Architecture 2c: 
· Backhauling of F1-U or NG-U on access node uses GTP-U/UDP/IP.
· Hop-by-hop forwarding across intermediate node uses GTP-U/UDP/IP/PDCP nested tunnelling.
It seems that the architecture group 1 may be categorized as L2 relaying, since the UE related NG interface terminates at Donor-CU while the Donor-DU and IAB nodes behave L2 forwarding for CP and UP packets. Whereas the architecture  group 2 may be categorized as L3 relaying, since the UE related NG interface terminates at the IAB node which provides access link for the UE, and other intermediate IAB nodes just behave L3 forwarding for UE related NG packets.  
In this contribution, we try to analyse the start-up procedure of IAB node based on architecture group 1, i.e. L2 relaying.
2 [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Discussion
[bookmark: OLE_LINK941][bookmark: OLE_LINK942]As mentioned in [2], for architecture group 1, each IAB node holds both mobile termination (MT) part and DU part. Therefore, based on the control plane protocol stack proposed for L2 relaying in [3], the start-up procedure of IAB node may need to be divided into the following three phases:
· Phase I. IAB node connects to the network as a MT to obtain some essential IAB related configurations.
· Phase II. Routing update for Donor-DU and other intermediate IAB nodes due to topology changing.
· Phase III. F1* interface setup procedure between IAB node and Donor-CU.
IAB node start-up procedure in a two-hop IAB case is shown in Figure 1-Figure 3. In this exemplary case, the IAB donor has CU part (Donor-CU) and DU part (Donor-DU), the adaptation layer towards IAB nodes locates at Donor-DU, and the newly deployed IAB node 2 needs to establish connection to network through the previously deployed IAB node 1 which connects to donor-CU via Donor-DU.
2.1	Phase I. 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 it to work as a wireless DU 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 message in each involved nodes, and many detailed steps are not shown to concise the description. For example, the IAB node 2’s RACH procedure which including sending preamble towards IAB node 1 and get RAR from IAB node 1 before the current step 1 are not shown in Figure 1. 
It should be noted that the F1AP message of IAB node will be transported via RLC channel (either a SRB related RLC channel or a DRB related RLC channel) in backhaul interface. While the encapsulation format of control plane message in Figure 1-Figure 3 is given based on the assumption that the F1AP message of IAB node is transported via a 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 [3].  
Step 1. IAB node 2 send “RRC connection request” to IAB node 1.
Step 2. IAB node 1 generate F1AP message (i.e. the initial UL RRC Message) to carry the RRC message sending 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 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 a SRB. Then the Adapt PDU will be delivered to lower layers to go through some remaining Layer 2 (RLC, MAC) and PHY layer processing. 
As discussed in [3], the F1AP message can be carried by dedicated SRB or some common SRB (i.e. some existing SRB) in wireless backhaul links, and it is worth noting that if a common SRB is used to carry F1AP message in backhaul link, an indicator to specify the carried message type (IAB node’s RRC message or F1AP message) is needed in RLC PDU. 
[bookmark: OLE_LINK14]Step 3. IAB node 1 transmit the encapsulated uplink F1AP message to Donor-DU via SRB.
Step 4. Donor-DU learn specific message type (F1AP message of IAB node) according to the specific SRB or the message type indicator, and get routing information from adaptation header. Then it removes the header of adaptation layer, and encapsulate the payload 2 (including the F1AP message of IAB node) in its own F1AP message. 
New types of F1AP message (e.g. UL IAB F1AP message transfer, DL IAB F1AP message transfer, etc) which is used to carry encapsulated F1AP message of IAB nodes may needed in the wired F1-C connection between donor-DU and donor-CU. Routing related information which may including IAB node1’s address can be contained in the donor-DU’s F1AP message.
Step 5. Donor-DU send its F1AP message which contains the IAB node 1’s F1AP message towards donor-CU.
Step 6. After decapsulation of the F1AP message received from Donor-DU, Donor-CU get payload 2, and obtain 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 content of the F1AP message (initial UL RRC transfer) generated by IAB node 1. After admission control, 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 a 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 send the F1AP message (e.g. DL IAB F1AP message transfer) which contains payload 2 towards 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 add adaptation layer header which includes essential routing information for payload 2. 
Step 9. Donor-DU transmit the encapsulated downlink F1AP message (DL RRC message transfer, inside payload 2) towards IAB node 1via SRB.
Step 10. IAB node 1 learn specific message type (F1AP message of IAB node) according to the specific SRB or the message type indicator, and know that the F1AP message is for itself from the routing information in the adaptation header. Then it removes the header of adaptation layer, and obtain the F1AP message which contains RRC message for IAB node 2 after receiving process of 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 process 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.). Additionally, the adaptation layer at MT of IAB node2 will be established since the F1* interface setup procedures at Phase III need it to perform routing function and above mentioned configuration information is enough to support such function.



[bookmark: _Ref513139509]Figure 1.Phase I of IAB node’s startup procedure. 

[bookmark: _Ref505949839]2.2 Phase II. Routing update due to topology changing.
If destination address based routing is used in IAB networks, some routing configuration for DU and intermediate IAB nodes (e.g. IAB node 1) need to be updated in phase II, due to the topology changing resulted from the newly accessed IAB node 2. More details are described as follows.
Step 13. 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 14. Donor-CU send F1AP message which includes another inner F1AP message contains the routing configuration information towards IAB node 1 to Donor DU. 
Step 15. Donor-DU extract the inner F1AP message contains the routing configuration information towards IAB node 1 and add adaptation layer, then send the Adapt PDU to IAB node 1 via SRB. 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 message corresponding to received routing configuration information (in step 13 and step 15) towards Donor CU, the related response steps are omitted in Figure 1.


Figure 2. Phase II of IAB node’s startup procedure.
2.3 Phase III. F1* interface setup for between IAB node 2 and Donor-CU.
In phase III, the F1* interface between IAB node 2 and Donor-CU will be established at first, and then some configuration update interaction can be communicated via the F1* interface, the F1 setup procedure between gNB-CU and gNB-DU can be used as a baseline.
Step 16. 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 17. IAB node 1 forwards the payload 3 towards Donor-DU according to the routing information contained in the adaptation layer header.
Step 18. Donor-DU encapsulates the payload 3 in its F1AP message and send the F1AP message to Donor-CU.
Step 19. Donor-CU extracts payload 3, and get the inner F1AP message (i.e. F1* setup request) send from IAB node 2, then generates DL F1AP message (i.e. F1* setup response) to response the IAB node 2’s connection request, and encapsulates it to another outer DL F1AP message towards Donor DU.
Step 20. Donor-CU send the nested F1AP message to Donor DU.
Step 21. Donor-DU extracts the inner DL F1AP message and adds routing information in adaptation layer header, and then forward the Adapt PDU to IAB node 1 via SRB.
Step 22. IAB node 1 forwards the DL F1AP message to IAB node 2 via SRB. 


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

3 Conclusion
In this contribution, the startup procedure of IAB node is analysed based on a control plane protocol for L2 relaying, and then we propose that:
[bookmark: OLE_LINK15]Proposal 1.  The startup procedure of IAB node may divided into the three phases, which are
· Phase I. IAB node connects to the network as a MT and obtain some essential IAB related configurations.
· Phase II. Routing configuration for Donor-DU and other intermediate IAB nodes due to topology changing.
· Phase III. F1* interface setup procedure between IAB node and Donor-CU.
4 Reference
[1] [bookmark: OLE_LINK12][bookmark: _Ref446582201][bookmark: _Ref485833320][bookmark: _Ref505354344][bookmark: _Ref510024609][bookmark: _Ref505354366]RP-170821, New SID Proposal: Study on Integrated Access and Backhaul for NR, AT&T, Qualcomm, Samsung.
[2] [bookmark: _Ref513130553]R3-181502, Way Forward – IAB Architecture for L2/3 relaying, Qualcomm Inc, KDDI, AT&T, Nokia, Nokia Shanghai Bell, Huawei, Ericsson, Intel, LG Electronics, CMCC, Samsung.
[3] [bookmark: _Ref513131437]R2-1808578, CP protocol design for L2 relaying, Huawei, Hisilicon. 
	 1/5
image2.emf
 

The related routing info configuration (e.g., IAB node 2 address and next hop node)  via F1AP message for 

DU and IAB node1 

IAB Node2 IAB Node1 Donor-DU Donor-CU

IAB donor

13. 

 

F1AP [routing config]

14. 

 

F1AP [[routing info]F1AP 

[routing config]]

15. SRB [Adapt[F1AP [routing 

config]]]

Phase II

. 

Routing update 

due to topology changing


Microsoft_Visio___22.vsdx
The related routing info configuration (e.g., IAB node 2 address and next hop node)  via F1AP message for DU and IAB node1
IAB Node2
IAB Node1
Donor-DU
Donor-CU
IAB donor
13.  F1AP [routing config]
14.  F1AP [[routing info]F1AP [routing config]]
15. SRB [Adapt[F1AP [routing config]]]

Phase II. Routing update due to topology changing



image3.emf
IAB Node2 IAB Node1 Donor-DU Donor-CU

IAB donor

16.SRB[Adapt[F1* setup request]]

F1AP PDCP RLC MAC PHY

Payload 3

Adapt

17.SRB[Adapt[F1AP]]

F1AP PDCP RLC MAC PHY

Payload 3

Adapt

18. 

 

F1AP [[routing info]F1AP]

payload 3 F1AP IP L1/L2 SCTP

19.  extract payload 3 from F1AP,  and 

further decapsulate payload 3, and get 

F1AP(F1* setup request) send from IAB 

node 2, generate F1AP(F1* setup 

response) for IAB node2

20. 

 

F1AP [[routing info]F1AP]

21.SRB[Adapt[[F1AP]]

22.SRB[Adapt[F1* setup response]]

23. CU /wireless DU (IAB node 2) Configuration update 

Phase III

. 

F

1

*

 

interface

 

setup 

between IAB node

2 

and CU


Microsoft_Visio___33.vsdx
IAB Node2
IAB Node1
Donor-DU
Donor-CU
IAB donor
16.SRB[Adapt[F1* setup request]]
F1AP
PDCP
RLC
MAC
PHY
Payload 3

Adapt
17.SRB[Adapt[F1AP]]
F1AP
PDCP
RLC
MAC
PHY
Payload 3

Adapt
18.  F1AP [[routing info]F1AP]
payload 3
F1AP
IP
L1/L2
SCTP
19.  extract payload 3 from F1AP,  and further decapsulate payload 3, and get F1AP(F1* setup request) send from IAB node 2, generate F1AP(F1* setup response) for IAB node2
20.  F1AP [[routing info]F1AP]
21.SRB[Adapt[[F1AP]]
22.SRB[Adapt[F1* setup response]]
23. CU /wireless DU (IAB node 2) Configuration update

Phase III. F1* interface setup between IAB node2 and CU



image1.emf
IAB Node2 IAB Node1 Donor-DU Donor-CU

1.RRC connection request

2. generate F1AP-Initial UL RRC Message 

transfer, include IAB node2 F1AP UE ID (IAB 1 

assign for IAB 2), add Adapt layer (routing 

info,e.g.,  IAB node 1  address, CU address, ) 

4. Get routing info from Adapt Layer, get 

specific message type(IAB node1 F1AP) 

from specific SRB or specific indicator in 

RLC PDU, remove Adapt layer ,generate UL 

IAB F1 message transfer 

6.  CU decapsulate payload 2,  

further decapsulate payload 1, get 

RRC message from IAB node 2, do 

admission control, generate

[F1AP-DL RRC Message Transfer [RRC 

Connection Setup]]

8. extract payload 2 , add 

Adapt layer based on routing 

info in F1AP message

9. SRB [Adapt [F1AP [RRC]]]

10. Remove Adaptation layer, 

extract payload 1 including RRC 

for IAB node 2 from F1AP

11. RRC Connection setup

RRC PDCP RLC MAC PHY

payload 1 F1AP Adapt MAC PHY

Payload 1

RLC

payload 2 F1AP IP L1/L2 SCTP

PDCP

Payload 2

7. 

 

F1AP [[routing info]F1AP [RRC]]

5. 

 

F1AP [[routing info]F1AP [RRC]]

3. SRB [Adapt [F1AP [RRC]]]

12. Subsequent steps for IAB node 2 to connect the network as a normal UE. IAB node 2 can obtain some IAB related 

configuration information from OAM and/or CU. 

5GC/OAM

 (for IAB)

Phase I

. 

IAB node

2 

connect network as a 

MT

 

to 

obtain some essential IAB related configurations

IAB donor


Microsoft_Visio___11.vsdx
IAB Node2
IAB Node1
Donor-DU
Donor-CU
1.RRC connection request
2. generate F1AP-Initial UL RRC Message transfer, include IAB node2 F1AP UE ID (IAB 1 assign for IAB 2), add Adapt layer (routing info,e.g.,  IAB node 1  address, CU address, )
4. Get routing info from Adapt Layer, get specific message type(IAB node1 F1AP) from specific SRB or specific indicator in RLC PDU, remove Adapt layer ,generate UL IAB F1 message transfer
6.  CU decapsulate payload 2,  further decapsulate payload 1, get RRC message from IAB node 2, do admission control, generate
[F1AP-DL RRC Message Transfer [RRC Connection Setup]]
8. extract payload 2 , add Adapt layer based on routing info in F1AP message
9. SRB [Adapt [F1AP [RRC]]]
10. Remove Adaptation layer, extract payload 1 including RRC for IAB node 2 from F1AP
11. RRC Connection setup
RRC
PDCP
RLC
MAC
PHY
payload 1
F1AP
Adapt
MAC
PHY
Payload 1
RLC

payload 2
F1AP
IP
L1/L2
SCTP
PDCP

Payload 2
7.  F1AP [[routing info]F1AP [RRC]]
5.  F1AP [[routing info]F1AP [RRC]]
3. SRB [Adapt [F1AP [RRC]]]
12. Subsequent steps for IAB node 2 to connect the network as a normal UE. IAB node 2 can obtain some IAB related configuration information from OAM and/or CU.
5GC/OAM
 (for IAB)

Phase I. IAB node2 connect network as a MT to obtain some essential IAB related configurations
IAB donor



