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1. Introduction
In the agreed IAB architecture user plane, the access IAB node is connected as a DU to the IAB donor CU-UP via F1-U.  F1-U is then partly carried over radio protocol layers (RLC/MAC/PHY) of the NR backhaul.

There is a major difference between using NR backhaul vs a usual IP (wired) transport backhaul. The NR backhaul will introduce massive out-of-order delivery of packets (with relatively large possible delays), while a usual IP (wired) transport backhaul will most of the time keep packets in order (within very short delays). In turn, this impacts the detection of lost packets.
As a network protocol, F1-U is in RAN3 realm. However radio protocols are in RAN2 realm. In this contribution we address possible impacts that may have been overlooked when deciding to use F1-U over radio protocols.
2. Discussion
2.1. Handling out-of-order delivery / packet loss
2.1.1. Radio Protocols
In Radio Protocols layers, out-of-order delivery is common and can occur at different layers. 

RLC receiving entity

HARQ operating points is typically set to 10%. This means around 10% of transport blocks will undergo one retransmission and will be delayed accordingly. Some of them will be retransmitted more times and will be delayed more. To handle this delay, RLC is configured such as it knows how much to wait for missing packets before e.g. requesting an ARQ retransmission in AM mode, or considering the packet lost in UM mode.

PDCP receiving entity

At PDCP, packets may arrive out-or-order due to HARQ, ARQ, dual connectivity. Again, PDCP is configured with a timer such as it knows how much to wait for missing packets before e.g. delivering packets to upper layers (in case of in-order delivery) and moving its receiving window.

Observation 1: In Radio Protocols layers, out-of-order delivery is common/important, and receiver is always specified/configured to handle it
2.1.2. Networks Protocols

In Networks Protocols, an IP transport backbone is usually assumed. The out-of-order delivery is not guaranteed, but it is usually the case, as IP packets will use the same path. Protocol like TCP behaves badly in the presence of important re-ordering of packets (fast retransmission would be triggered). Even when out-of-order delivery is present, the expected delay of out-of-order packets is very small so that a missing packet doesn’t need to be waited for more than e.g. 1ms before being declared lost.
Observation 2: In Network Protocols layers, out-of-order delivery is rare/limited, and receiver doesn’t need to be configured with additional information to handle it

2.2. Issues with F1-U in IAB
In downlink, F1-U uses NR UP protocol to enable flow control of the PDCP PDUs sent from the CU-UP (node hosting PDCP)  to the DU (corresponding node). From [1]:
The corresponding node shall detect whether an NR-U packet was lost and memorise the respective sequence number after it has declared the respective NR-U packet as being "lost".
For a legacy F1-U, over a wired IP backbone, a typical implementation could be that as soon as a NR-U packet is missing (NR-U SN gap), or within a very short time (e.g.~1ms), the packet is declared “lost”. Upon declaring a packet lost, it will be reported in DDDS, and the “Highest successfully delivered NR PDCP Sequence Number” may be also increased correspondingly.

We can investigate the impact on an example. We consider an AM bearer for which lossless transmission needs to be ensured.
The CU sends PDCP PDUs to a DU with PDCP SN un., where n=0, 1, 2, …represents the corresponding NR-U SN. We consider only one DU, and the CU sends u0=0, u1=1, u2=2, u3=3, … to the DU. In that example, the PDCP SN has the same value than the NR-U SN for simplicity. In general un is just required to be monotonic increasing sequence, and there can be PDCP SN gaps (e.g. when 2 DUs are used). We consider initial transmissions.

An IAB DU may receive packets as follows, due to HARQ/ARQ over NR backhaul, where out-of-order packets are in blue, and bold packets are the packet successfully delivered to the UE: 

u0, u1, u4, u5, u6, (DDDS sent), u7, u2, u3,  …
A legacy implementation would have the following behavior:
· The DU will report missing packets as lost, i.e. u2 and u3 will be reported as lost. The CU will retransmit the corresponding PDCP PDUs whereas they will be retransmitted by HARQ/ARQ, which is obviously not desirable. The CU cannot know if a reported lost packet was really lost on the wired interface between CU and donor DU, hence has to retransmit any reported lost packets.
· The “Highest successfully delivered NR PDCP SN” would be set to the highest successfully delivered NR PDCP SN at the time the DDDS is sent, ignoring the missing u2 and u3 which are no longer expected. I.e. it will be set to 5 (corresponding to u5), instead of 1. This allows the CU PDCP transmitter window to move forward, while the UE PDCP receiving window is still waiting for those packets. This is also not desirable as in extreme cases this can lead to HFN desynchronization, since contrary to the legacy use case, those packets may not be lost but just delayed somewhere within the IAB backhaul. In other words, this behavior can lead to having more than half of PDCP SN space in flight.
Observation 3: An IAB DU may prematurely report lost packets, causing useless CU retransmissions 
Observation 4: An IAB DU may prematurely report “Highest successfully delivered NR PDCP SN”, leading to more than half of PDCP SN in flight (potential HFN desynchronization)
2.3. F1-U enhancements for IAB
2.3.1. Lost packet detection delay
In order to solve these issues, it is proposed to consider configuring the IAB DU with a “Lost packet detection delay”. This delay indicates how much time the node should wait after noticing a missing packet (NR-U SN gap) before declaring the corresponding packet as lost. It should ideally be configured in F1-AP on a DRB basis (messages UE CONTEXT SETUP REQUEST / UE CONTEXT MODIFICATION REQUEST). 
Proposal 1: Add configuration of “Lost packet detection delay” at IAB DU, indicating how much time a missing NR-U packet shall be waited for before being declared lost

A similar value as the UE PDCP reordering timer could be used. However it is generally beneficial to be able to configure it separately. Taking into account a UE connected to 2 DUs, the “Lost packet detection delay” could be configured separately on the 2 DUs, based on the maximum possible retransmission delay on each of those legs; whereas the UE PDCP reordering timer will have to be configured to a larger value to take into account the time arrival discrepancy between both legs.
2.3.2. Missing packet report
There is a tradeoff in configuring a “Lost packet detection delay”. Using a short value leads to the issues discussed above. Using a long value (ideally covering the maximum possible retransmission delay with the IAB tree) has the drawback of delaying the detection of a lost packet, hence the centralized (PDCP level) retransmission of the lost packet.
This tradeoff could be addressed by enhancing DDDS report.

In addition (and similarly) to the existing “Lost packet report”, it is proposed to introduce an additional report: missing packet report (or equivalently, “late packet report”). This report would indicate the NR-U SN of the packets that are missing (i.e. corresponding to gap(s) in the SN sequence) but are still being waited for, i.e. have not yet been declared as lost.
The CU can then configure a reasonably high “Lost packet detection delay”, covering the HARQ/ARQ/alternative path delays. Using the “Missing packet report” the CU may also decide depending on available resources/links to e.g. trigger retransmission on a different link, to keep benefits of fast retransmission. Missing packets may be also considered for report only after a configured (small) delay, so as to take into account HARQ retransmissions. 
Proposal 2: Considering adding in DDDS a “Missing packet report”, similar to “Lost packet report”, but indicating NR-U packets which are still being waited for
3. Conclusion 

In this contribution, we make the following observations and proposals:
Observation 1: In Radio Protocols layers, out-of-order delivery is common/important, and receiver is always specified/configured to handle it
Observation 2: In Network Protocols layers, out-of-order delivery is rare/limited, and receiver doesn’t need to be configured with additional information to handle it
Observation 3: An IAB DU may prematurely report lost packets, causing useless CU retransmissions
Observation 4: An IAB DU may prematurely report “Highest successfully delivered NR PDCP SN”, leading to more than half of PDCP SN in flight (potential HFN desynchronization)
Proposal 1: Add configuration of “Lost packet detection delay” at IAB DU, indicating how much time a missing NR-U packet shall be waited for before being declared lost
Proposal 2: Considering adding in DDDS a “Missing packet report”, similar to “Lost packet report”, but indicating NR-U packets which are still being waited for
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