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Introduction
The discussion on control plane protocol stack for IAB is ongoing in RAN2/3. The native F1-C stack includes the SCTP protocol, which provides several vital services to the F1-AP. However, some of the candidate solutions for F1-AP transport omit the SCTP in their respective stacks. This contribution discusses the consequences of not using SCTP for F1-AP transport.
Candidate protocol stacks for F1-AP transport

Four CP architecture alternatives are currently being discussed for IAB architecture group 1, as captured in R2-1809099. F1-AP is transported in three different ways in these four architecture alternatives, as shown in Figures 1-3.
[image: ]
Figure 1: Example for alternative 1 of architecture 1a - DU’s F1-AP is encapsulated in RRC of the collocated MT
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Figure 2: Example protocol stack for alternatives 2 and 3 of architecture 1a - DU’s F1-AP is carried over an SRB of the collocated MT

[image: ]
Figure 3: Example protocol stack for alternative 4 of architecture 1a - DU’s F1-AP is carried over full F1-C stack
The consequences of not using SCTP/IP for F1-AP transport

Alternative 4 is the only solution that uses SCTP to transport the F1-AP data. Consequently, alternatives 1-3 (Alt1-3), lack support for several core SCTP features that are essential for F1-AP transport, the consequences of which are discussed below.
1) Flow control and reliable transport: SCTP provides flow control and reliable transport for F1-AP data. Alt1-3 propose RRC/PDCP to be used for F1-AP transport, which neither provide flow control nor reliability. This implies that the donor CU is only aware of how much traffic goes through the first wireless backhaul hop (through the flow control of the SCTP between the donor CU and DU), while it is completely unaware of the status of the data flow on subsequent wireless backhaul links. If the first wireless backhaul link (between donor DU and IAB node 1) is in a good condition, regardless of the radio/buffering conditions on subsequent links/nodes, the donor CU will keep feeding the donor DU with traffic. If the link between IAB node 1 and IAB node 2 experiences poor channel conditions, this may lead to buffer overflow on IAB1, causing data loss.  
Normally, traffic congestion may not be very likely to occur in the control plane. However, in the IAB context, the first IAB node is a potential bottleneck because it is a transit point to both its directly connected UEs, as well as all the downstream IAB nodes, making flow control and reliable transport essential features even for control plane transport. It should be noted that even in a non-wireless context, such as split SRB data transport over X2/Xn, it has been agreed to use SCTP based transport (i.e. X2/Xn-AP), to guarantee the reliability of control plane data. 
Thus, for Alt 1-3, the flow control and reliable transport that is already available for SCTP must be realized in some other way (e.g.  adaptation layer/PDCP must be enhanced to support flow control). 

Observation 1: flow control and reliable delivery are essential requirements for IAB control plane data, and they are not available by PDCP-based F1-AP transport of architecture alternatives 1-3.
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2) In-order delivery: one SCTP association can include up to 64,000 independent streams, and the protocol provides guaranteed in-order delivery per stream. In the case of native F1-AP, there shall exist one stream for non-UE associated procedures and one or more streams for UE-associated procedures. On the other hand, although PDCP supports re-ordering to some extent, in order delivery is not guaranteed (i.e. when re-ordering timer expires, packets could be delivered out of order without the missing packet). The separation into multiple independent streams is also not supported via PDCP. An example of error scenario that may occur in PDCP-based F1-AP is the one of non-UE associated messages delivered to the DU out of order, which was a delta signaling on a previous message that was not received. 

Observation 2: in-order delivery is an essential requirement for the IAB control plane design, and it is not guaranteed by PDCP-based F1-AP transport.

3) Avoidance of head-of-line blocking: the streams inside an SCTP association are independent, meaning that each stream has a dedicated queue. This property of SCTP prevents the occurrence of head-of-line blocking problem. This is especially important for F1-AP transport, having in mind that non-UE messages are generally of greater importance than the UE-associated ones, where the SCTP removes the risk of a non-UE message getting stuck behind an undeliverable UE-associated message in a common PDCP queue. 

Observation 3: avoidance of head-of-line blocking is an essential requirement for the IAB control plane design, and it is not guaranteed by PDCP-based F1-AP transport.

4) Multihoming and route redundancy: route redundancy has been in agreed for inclusion into the TR 38.874 at the RAN3#100 meeting. A beneficial property of SCTP in that respect is that, within a single SCTP association, there may exist redundant paths between the association endpoints. Out of these paths, only one is used at a time, but a prompt path change can be made to another path in case the current one fails. 

Observation 4: the multihoming feature of SCTP enables path redundancy, which has been adopted as one of the requirements for the IAB system. This is not guaranteed by PDCP-based F1-AP transport.

Based on the above observations, the following can be concluded:
Proposal 1: the design of IAB control plane stack should provide for the following SCTP features that are essential for the IAB control plane transport:
· Flow control and reliable transport,
· In-order delivery,
· Avoidance of head-of-the-line blocking, and
· Multihoming and observability.
Simplicity was the main expected benefit of using PDCP-based F1-AP transport without SCTP/IP. However, the essential functionalities and features discussed above must be accounted for in IAB control plane protocol stack design, for example by including them into the Adaptation layer. This may, in turn, result in standardizing a new, but by no means lightweight protocol. From the standardization effort point of view, reusing the SCTP seems more plausible.

Observation 5: an alternative to using SCTP in IAB control plane stack is including the essential functionalities/features of SCTP in other layers (e.g. the Adaptation layer), which will have a considerable standardization impact.

Based on the above observations, the following is proposed:

Proposal 2: the IAB control plane protocol stack should include the SCTP and IP layers.
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[bookmark: _Ref484067741][bookmark: _Ref174151459][bookmark: _Ref189809556]In this contribution, the consequences of not using SCTP in F1-AP were discussed, and the following observations were made:

Observation 1: flow control and reliable delivery are essential requirements for IAB control plane data, and they are not available by PDCP-based F1-AP transport of architecture alternatives 1-3.
Observation 2: in-order delivery is an essential requirement for the IAB control plane design, and it is not guaranteed by PDCP-based F1-AP transport.
Observation 3: avoidance of head-of-line blocking is an essential requirement for the IAB control plane design, and it is not guaranteed by PDCP-based F1-AP transport.
Observation 4: the multihoming feature of SCTP enables path redundancy, which has been adopted as one of the requirements for the IAB system. This is not guaranteed by PDCP-based F1-AP transport.
Observation 5: an alternative to using SCTP in IAB control plane stack is including the essential functionalities/features of SCTP in other layers (e.g. the Adaptation layer), which will have a considerable standardization impact.

And we propose:

Proposal 1: the design of IAB control plane stack should provide for the following SCTP features that are essential for the IAB control plane transport:
· Flow control and reliable transport,
· In-order delivery,
· Avoidance of head-of-the-line blocking, and
· Multihoming and observability.
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	3/4	
image1.png
1AB-node 2 1AB-node 1 1AB-donor
oumr ou T ou cu-ce
3 [Ftar ]
RRC_]
[Focr )
[ i
[CA h-t—{ e o J-{ e ] 5w E|
e} |

MT's SR BH RLC channel

Intra-donor F1-C





image2.png
1AB-node 2 1AB-node 1 1AB-donor
oy wr o o wer
= TIAP
i )

b (e}

e e e

=S

bu's R

BH RLC channel Intra-donor F1.C





image3.png
1AB-node. 1AB-node 1A8-donor

o wr W w we

o =
] e
= )
3 =1 ]
o | gl

BH RLC channel BH RLCchannel

Intro-donor F1-C





