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[bookmark: _Toc509506724][bookmark: _Toc509506904]Introduction
[bookmark: _Hlk509572055]The discussion on user plane protocol stack for IAB is ongoing in RAN2/3. The native F1-U employs GTP/UDP/IP as a transport network layer (TNL), which provides several vital services to the F1-U. However, some of the candidate solutions for F1-U transport omit the GTP-U and UDP in their respective stacks. This contribution discusses the consequences of not using the GTP-U for F1-U transport.

Candidate protocol stacks for F1-U transport
Several architecture alternatives are currently being discussed for the UP of IAB architecture group 1, as captured in R2-1809099. Figure 1 illustrates some of the architecture alternatives under discussion. As can be seen from the figure, only one of the alternatives (Figure 1e) employs the full F1-U protocol stack between the CU-UP and the IAB node. In that regard, this alternative is the equivalent of the alternative 4 architecture that is also captured in R2-1809099 for the control plane.

Consequences of not using GTP-U for F1-U transport
F1-U protocol (also referred to as NR User Plane Protocol) is used to convey control information related to the user data flow management of data radio bearers [1]. The F1-U protocol data is conveyed by GTP-U protocol, specifically, by means of the “RAN Container” GTP-U extension header defined in [2]. The GTP-U protocol over UDP over IP serves as the TNL for data streams on the F1 interface. The transport bearer is identified by the GTP-U tunnel endpoint ID (TEID) and the IP address (source TEID, destination TEID, source IP address, destination IP address). The F1-U protocol uses the services of the TNL in order to allow flow control of user data packets transferred from the node hosting NR PDCP (CU-UP in the case of CU-DU split) to the corresponding node (DU). 
The services provided by the F1-U are [1]:
-	Provision of NR user plane specific sequence number information for user data transferred from the node hosting NR PDCP to the corresponding node for a specific data radio bearer.
-	Information of successful in sequence delivery of NR PDCP PDUs to the UE from the corresponding node for user data associated with a specific data radio bearer.
-	Information of NR PDCP PDUs that were not delivered to the UE or the lower layers.
-	Information of NR PDCP PDUs transmitted to the lower layers for user data associated with a specific data radio bearer.
-	Information of downlink NR PDCP PDUs to be discarded for user data associated with a specific data radio bearer; 



Figure 1: Protocol stack examples for UE-access using L2-relaying with adaptation layer for architecture 1a 
-	Information of the currently desired buffer size at the corresponding node for transmitting to the UE user data associated with a specific data radio bearer.
-	Information of the currently minimum desired buffer size at the corresponding node for transmitting to the UE user data associated with all data radio bearers configured for the UE at the corresponding node;
-	Information of successful in sequence delivery of NR PDCP PDUs to the UE from the corresponding node for retransmission user data associated with a specific data radio bearer;
-	Information of NR PDCP PDUs transmitted to the lower layers for retransmission user data associated with a specific data radio bearer.
-	Information of the specific events at the corresponding node (e.g. radio link outage, radio link resume)
[bookmark: _Hlk509522710]
[bookmark: _Toc517301196]The F1-U protocol provides several functions for CU-DU inter-working such as
a. [bookmark: _Toc517301197]Mapping user data to corresponding UE data bearer
b. [bookmark: _Toc517301198]Delivery status
c. [bookmark: _Toc517301199]Information on discarded packets
d. [bookmark: _Toc517301200]Desired/Minimum buffer sizes
e. [bookmark: _Toc517301201]Information of specific events such as radio link outage at gNB-DU

[bookmark: _Toc517301202]The F1-U protocol data is transferred by GTP-U protocol, specifically, by means of the RAN Container GTP-U extension header.




[bookmark: _Hlk509571545][bookmark: _Hlk509836056]Figure 2 Transport network layer for data stream over F1-U.
The important consequence of not using GTP-U for F1-U is the lack of flow control mechanism for user data packets. In the IAB UP architecture alternatives that do not employ full F1-U protocol stack (Figure 1a,b,c and d), the CU-UP is only aware of how much traffic goes through the first wireless backhaul hop (through the flow control of the F1-U between the CU-UP and donor DU), while it is completely unaware of the status of the UP 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 CU-UP will keep feeding the donor DU with traffic. In the two hop IAB system depicted in Figure 1, 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.  

Proposal 1	The IAB user plane architecture should provide flow control functionality between the donor CU and the IAB node. 

Simplicity was the main expected benefit of not using GTP-U/UDP/IP for user plane transport in IAB systems. However, the essential functionality of flow control must be accounted for in IAB user plane protocol stack design, for example by including them into the adaptation layer. This will result in standardizing a new, but by no means lightweight, protocol. From the standardization effort point of view, reusing the already available flow control mechanisms of the full F1-U stack seems more plausible.

[bookmark: _Toc517301203]IAB UP architecture alternatives that do not support the full F1-U stack have to re-implement flow control mechanisms that are currently available in F1-U in other protocol layer(s), such as the adaptation layer, which increases the adaptation layer complexity and the required standardisation work. 

[bookmark: _Hlk509849609][bookmark: _Toc509849962][bookmark: _Toc509850200][bookmark: _Toc509851058][bookmark: _Toc509851109][bookmark: _Toc510096636][bookmark: _Toc510098576][bookmark: _Toc510109182][bookmark: _Toc510110095][bookmark: _Toc510186099][bookmark: _Toc510186207][bookmark: _Toc510599683][bookmark: _Toc510603620][bookmark: _Toc510618815][bookmark: _Toc510713114][bookmark: _Toc512802106][bookmark: _Toc512840310][bookmark: _Toc512845972][bookmark: _Hlk509846182]Proposal 2: The IAB user plane protocol stack should include the full F1-U (GTP-U/UDP/IP) stack.

[bookmark: _Toc509506736][bookmark: _Toc509506915][bookmark: _Hlk509503543]Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we have observed that: 

Observation 1	The F1-U protocol provides several functions for CU-DU inter-working such as
a.	Mapping user data to corresponding UE data bearer
b.	Delivery status
c.	Information on discarded packets
d.	Desired/Minimum buffer sizes
e.	Information of specific events such as radio link outage at gNB-DU

Observation 2	The F1-U protocol data is transferred by GTP-U protocol, specifically, by means of the RAN Container GTP-U extension header.
Observation 3	IAB UP architecture alternatives that do not support the full F1-U stack have to re-implement flow control mechanisms that are currently available in F1-U in other protocol layer(s), such as the adaptation layer, which increases the adaptation layer complexity and the required standardisation work.

[bookmark: _Toc509506670][bookmark: _Toc509506741][bookmark: _Toc509506763][bookmark: _Toc509506797][bookmark: _Toc509506865][bookmark: _Toc509506920][bookmark: _Toc509506937][bookmark: _Toc509507106]Based on these observations, we propose the following:

Proposal 1	The IAB user plane architecture should provide flow control functionality between the donor CU and the IAB node. 

 Proposal 2: 	The IAB user plane protocol stack should include the full F1-U (GTP-U/UDP/IP) stack.
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