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Introduction
End-to-end reliability of UL data in hop-by-hop ARQ has been captured into the TR [1] with some options for enabling lossless delivery. In this contribution we revisit the discussion about lossless delivery of UL data in IAB.
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Discussion
After discussions about lossless delivery [2], three options were captured into the TR 38.874 [1]:

1.  Option 1: PDCP procedures in the UE are modified such that the UE retains PDCP PDUs even after receiving acknowledgements at the RLC layer, until there is an acknowledgement at the PDCP layer. Then, in response to a PDCP status report (after a possible handover or reestablishment), the UE retransmits the retained PDCP PDUs.

2.  Option 2: PDCP PDUs buffered on intermediate IAB nodes are rerouted when there is a route change. The rerouting requires a special route to be created for the buffered data that uses the newly established link.

3.  Option 3: A delivery status is provided by the IAB donor for PDCP PDUs. This can be either between the IAB access node and the IAB donor or hop-by-hop between successive IAB nodes. The access node delays the RLC ack to the UE uplink PDUs until it receives the delivery status (indicating that the PDU has been received at the donor).

It has been noted that option 1 is not backwards compatible and cannot be supported by Rel-15 UEs. Option 2 requires complex rerouting and it has been observed that it does not guarantee lossless delivery [2]. Option 3 is transparent to the UE; however, it requires the UE to buffer significantly more data. If additional buffer space cannot be enabled in UEs, it can hurt performance by limiting uplink data rates based on what can be buffered.

Observation 1: For lossless UL delivery in hop-by-hop ARQ, none of three options in the TR are suitable:

·  Option 1 (Modification of PDCP protocol/procedures) is not backward compatible to Rel-15 UEs.

·  Option 2 (Rerouting PDCP PDUs buffered on intermediate IAB-nodes) requires complex rerouting and was observed that it does not guarantee lossless delivery
·  Option 3 (Delaying RLC ACK to the UE) requires the UE to buffer significantly more data and may hurt the performance
We revisit the scenarios where lossless delivery is relevant below. The discussion of lossless delivery applies to the case where (a) the UE switches its serving (or accessing) IAB node, or (b) an intermediate IAB node or the access IAB node switches its parent node.

Figure 1 shows the case where the UE performs a handover of its serving IAB node. In this case, the UE retains any RLC PDUs that are unacknowledged at the time of the handover. PDUs that are delivered to the access IAB node 3 (and acknowledged) are delivered to the IAB donor.
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Figure 1: UE handover
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Figure 2: IAB node handover


Observation 2: UE handover (from one serving IAB node to another serving node) does not present a problem for lossless delivery.

The second case is illustrated in Figure 2. This case can be further classified into handover of IAB node within the same DU, between DU and between CUs. However, for simplicity, only the handover of the IAB node within the same DU is shown here.

Note that as long as IAB nodes are not mobile, handover of an IAB node to different parent should be extremely rare. While link quality variations are possible, multi-connectivity is also expected to be used; consequently, the occurrence of a handover and loss of in-transit PDUs due to a route change is very unlikely for Rel-16 IAB.

Observation 3: As long as IAB nodes are not mobile, handover/reestablishment of an IAB node backhaul links should be extremely rare.

Mobility of IAB nodes clearly makes lossless delivery very relevant. Mobility makes scenarios such as the one shown in Figure 2 likely. Given that IAB nodes can support bearers of large numbers of UEs, enhancements to support lossless delivery will be critically important to provide the same level of service as conventional NR. Since Rel-16 IAB does not support mobile IAB nodes, enhancements to support lossless delivery should be paired with support of mobile IAB nodes.

Proposal 1: Enhancements to support lossless UL delivery in hop-by-hop ARQ should be considered together with support of mobility of IAB nodes.

If Proposal 1 is not agreeable, we believe it is better to do some hybrid approach since none of the options in TR 38.874 are solely viable. That is, to buffer RLC SDUs at the access IAB node and perform retransmissions as needed based on a UL delivery status from the donor. 
By this way, we don’t have to delay the positive RLC ACK to the UE – which can avoid the buffering problems impacting the UE and delays associated with the option 3. Moreover, we can avoid the need to do complicated rerouting as in option 2.

Referring to Figure 2, the DU of IAB node 3 buffers RLC SDUs received from the UE, even after submitting them to the MT for transmission. If IAB node 2 switches its parent node to IAB node 4, the donor sends a UL delivery status message to IAB node 3 (access IAB node for the UE) indicating PDCP PDUs that need retransmission. The DU of IAB node 3 provides the requested PDUs to the MT for retransmission towards the donor.
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Figure 3: The hybrid approach based on IAB node mobility
The duration of buffering at the access IAB node may need to be defined. The UL delivery status message can be used to assist clearing up the buffer in the access IAB node whenever needed.

We believe this hybrid approach is considerably simpler than options 2 and 3, as it does not need the creation of a specialized route for buffered data as in the option 2. It is also not required to modify RLC procedures or prone to buffering problems impacting the UE and delays associated with the option 3.
Observation 4: The hybrid approach to buffer at serving IAB nodes followed by retransmission based on UL delivery status from the donor is considerably simpler than the option 2 and option 3:

·  no need to create a specialized route for buffered data as in the option 2
·  not prone to buffering problems impacting the UE and delays associated with the option 3
Proposal 2: If proposal 1 is not agreeable, RAN3 to consider the hybrid approach, i.e., UL data buffering at access IAB nodes followed by retransmission based on UL delivery status provided from the donor.
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Conclusion

In the present contribution we make the following observations:

Observation 1: For lossless UL delivery in hop-by-hop ARQ, none of three options in the TR are suitable:

·  Option 1 (Modification of PDCP protocol/procedures) is not backward compatible to Rel-15 UEs.

·  Option 2 (Rerouting PDCP PDUs buffered on intermediate IAB-nodes) requires complex rerouting and was observed that it does not guarantee lossless delivery
·  Option 3 (Delaying RLC ACK to the UE) requires the UE to buffer significantly more data and may hurt the performance
Observation 2: UE handover (from one serving IAB node to another serving node) does not present a problem for lossless delivery.

Observation 3: As long as IAB nodes are not mobile, handover/reestablishment of an IAB node backhaul links should be extremely rare.
Observation 4: The hybrid approach to buffer at serving IAB nodes followed by retransmission based on UL delivery status from the donor is considerably simpler than the option 2 and option 3:

·  no need to create a specialized route for buffered data as in the option 2
·  not prone to buffering problems impacting the UE and delays associated with the option 3
Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Enhancements to support lossless UL delivery in hop-by-hop ARQ should be considered together with support of mobility of IAB nodes.

Proposal 2: If proposal 1 is not agreeable, RAN3 to consider the hybrid approach, i.e., UL data buffering at access IAB nodes followed by retransmission based on UL delivery status provided from the donor.
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