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1. Introduction
Several architectures are considered for IAB, and documented in the technical report [1]. In this contribution, we analyze the need for end-to-end (PDCP level) flow control functionality in IAB, and how it can be achieved in a simple way.
2. Discussion
In NR (as well as LTE), the PDCP transmitter relies on feedback providing information on successfully delivered(AM) / transmitted(UM) PDCP PDUs in order to:

· Avoid bringing more than half of the PDCP SN space in flight, to prevent HFN desync issues
· Discard successfully transmitted PDUs (or corresponding SDUs), i.e. no longer consider them for retransmission for lossless handover support. Indeed, in order to support lossless handover, the PDCP transmitter needs to buffer and perform retransmission of SDUs from the first PDCP PDU not successfully delivered.
In the UE, or in a non-disaggregated NB, this feedback is provided in an implicit way thanks to lower layer ARQ (AM) or HARQ (UM) feedback (for UM, feedback could also just be PHY confirmation that the TB was transmitted). This is an indirect feedback (i.e. the transmitter needs to map this feedback to actual PDCP PDUs sent in RLC PDUs or TBs).
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Figure 1 - UL/DL data transfer
With this feedback, the PDCP transmitter can know whether PDCP PDUs were successfully delivered (AM) or at least transmitted (UM) (to some extent).

In case of disaggregated gNB, the F1-U supports NUPP protocol within a GTP-U header extension container. This allows (optionally) to convey direct PDCP PDU feedback (highest in-sequence delivered/transmitted PDCP PDU SN can be reported). Though, this is only for DL traffic. For UL traffic, there is no additional standardized feedback. It is assumed that PDCP PDUs successfully transmitted to the DU will eventually reach the CU (PDCP transmitter), i.e. no loss on F1-U.
Observation 1: Legacy PDCP transmitter relies on feedback on successfully delivered/transmitted PDCP PDUs to prevent HFN desync and ensure lossless HO

This requirement shall be kept for IAB, as this is necessary for correct PDCP operation.
Proposal 1: PDCP transmitter in IAB should be provided feedback on successfully delivered/transmitted PDCP PDUs to prevent HFN desync and ensure lossless HO
For IAB, several architecture options are being studied. If F1-U is backhauled, or a modified F1*-U which still supports GTP-U with NUPP is backhauled (e.g., removing IP stack), then:
· For DL traffic, NUPP can be configured and provide PDCP status to CU in IAB-donor. However, this comes with a high overhead (new NUPP SN is added to each packet to detect losses)
· In UL, UE PDCP considers PDCP PDUs successfully delivered/transmitted based on lower layers feedback from the access IAB-node. Still, it seems optimistic to assume that these PDUs will always eventually reach the CU. 
Observation 2: GTP-U(with NUPP) on F1*-U can provides necessary information for DL data transfer (with increased overhead), but does not help for UL data transfer
It seems attractive to avoid useless GTP-U(NUPP) overhead, as far as possible. From this point of view, architecture 1a without GTP-U is more attractive. We are discussing this option below.

Two variants are considered, hop-by-hop and end-to-end RLC ARQ. The end-to-end RLC ARQ can provide feedback on successfully delivered PDCP PDUs as in non-IAB scenarios. Still, this does not solve the problem for UM. 
For more generality, we consider the case of hop-by-hop RLC ARQ, with Adapt layer on top of RLC (might be equivalently located below). 
Similarly to NUPP on F1-U, the adapt layer could be enhanced to provide PDCP feedback upon request, e.g., polling (on a per UE bearer basis). The PDCP feedback could be the highest in-sequence delivered (AM)/transmitted (UM) COUNT value.
For DL data transfer, the access IAB node could monitor the PDCP PDU data stream towards the UE (more exactly, by considering PDCP PDUs successfully delivered/transmitted to the UE), and generate any required PDCP feedback towards parent nodes. The IAB donor DU can relay polls/PDCP status between adapt layer and NUPP. No additional SN in Adapt layer is required, as the Access IAB node can be configured with a reordering timer similar as PDCP in UE.
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Figure 2 - End to end DL data transfer
For UL data transfer, the access IAB node can be made aware of the PDCP status by polling the IAB donor. Then, the access IAB node may limit RLC ACK SN progression to PDCP PDUs confirmed as successfully received (in AM), and can limit scheduling to avoid HFN desync issues. Deriving PDCP status at IAB donor can be done by interfacing with CU (e.g., NUPP update) or directly at DU by monitoring the PDCP PDU data stream.
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Figure 3 - End to end UL data transfer
In both cases, it can be noted that the PDCP feedback may be generated without adding any additional SN to each packet, and only when needed (e.g. in link/scheduling conditions, where there is a risk of HFN desync, or before handover), which reduces the overhead to a minimum.
Proposal 2: RAN2 should consider adding PDCP feedback information in Adapt layer
In R2-1810811, a related TP was agreed:

	Metric
	Hop-by-hop RLC ARQ
	End-to-end RLC ARQ

	Lossless delivery of UL data during topology change (e.g. failure of radio link between IAB nodes)
	Current specification cannot ensure data lossless delivery when IAB topology changes are performed without additional enhancements (examples listed below).
	Lossless delivery ensured due to end to end RLC feedback.


The issue of end to end reliability in hop-by-hop RLC ARQ case could be addressed by specifying, e.g., the following mechanisms: 

· Modification of PDCP protocol/procedures. This solution would not be applicable to Rel-15 UEs which means that Rel-15 UE performance may be impaired.
· Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update (FFS what information needs to be exchanged between IAB nodes).
· Introducing UL status delivery (from the Donor gNB to the IAB node), whereby the IAB node can delay the sending of RLC ACKs to the UE until a confirmation of reception at the Donor gNB.

The TP only covers UL (not DL), is focused on reliability (lossless delivery of UL data), and topology change.

Observation 3: The TR currently only covers UL reliability during topology change

We think the TR should be updated to cover more generally:

· PDCP operation flow control needs (not only lossless delivery, but also limitation of pending PDCP PDUs for UM transfer)

· DL (not only UL)

· All reconfiguration/mobility scenarios. For instance, a UE may be served by 2 IAB trees. A failure in a radio link between IAB nodes may trigger a handover to a second IAB tree, as in the figure below. In such scenario, the solution “Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update (FFS what information needs to be exchanged between IAB nodes).” is not applicable, as the pending UL PDUs are stored in IAB-node X and cannot be rerouted. Storing them in the UE, as per legacy PDCP operation principle, would not have such drawback.
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Proposal 3: Update the TR to take into account PDCP operation flow control needs, DL direction, and all reconfiguration/mobility scenarios

3. Conclusion 

In this contribution, we make the following observations and proposals:

Observation 1: Legacy PDCP transmitter relies on feedback on successfully delivered/transmitted PDCP PDUs to prevent HFN desync and ensure lossless HO
Proposal 1: PDCP transmitter in IAB should be provided feedback on successfully delivered/transmitted PDCP PDUs to prevent HFN desync and ensure lossless HO
Observation 2: GTP-U(with NUPP) on F1*-U can provides necessary information for DL data transfer (with increased overhead), but does not help for UL data transfer
Proposal 2: RAN2 should consider adding PDCP feedback information in Adapt layer
Observation 3: The TR currently only covers UL reliability during topology change
Proposal 3: Update the TR to take into account PDCP operation flow control needs, DL direction, and all reconfiguration/mobility scenarios
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