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1. Introduction
RAN2 AH1807 extensively discussed the end-to-end reliability, i.e., comparing “end-to-end” and “hop-by-hop” RLC ARQ mechanisms, and agreed to capture the additional text in the TR [1] as follows [2]: 
	Observations for end-to-end and hop-by-hop ARQ

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.


In this contribution, further consideration of the hop-by-hop RLC ARQ mechanisms is discussed. 
2. Discussion 
The agreed TP identified the issue in the “hop-by-hop” RLC ARQ mechanism in terms of end-to-end reliability, i.e., “Lossless delivery of UL data during topology change”, and it also captured the three possible approaches [2]. As reference, the approaches are quoted below: 
· The first approach: “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.” 

· The second approach: “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).” 

· The third approach: “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.” 
2.1. The first approach for reliable hop-by-hop ARQ 
The first approach needs some “modification of PDCP protocol/procedure” e.g., in order to invoke PDCP data recovery while keeping already sent PDCP PDUs for a certain duration; however, it impairs Rel-15 UE performance as captured in the TR. Furthermore, it may require that Rel-15 UEs implement Rel-16 PDCP protocol, which means it cannot fulfil the following requirement captured in the TR [1]: 
	The IAB design shall at least support the following UEs to connect to an IAB-node:

-
Rel. 15 NR UE

-
Legacy LTE UE if IAB supports backhauling of LTE access


In this sense, it should not be a candidate solution for ensuring the end-to-end reliability. 
Proposal 1 RAN2 should agree that the “Modification of PDCP” is not a solution for Rel-15 UE, in addition to “Rel-15 UE performance may be impaired”. 
2.2. The second approach for reliable hop-by-hop ARQ 
The second approach introduces a new functionality for “Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update”, which may be implemented within either RLC or Adaptation layer.  The route update may occur in multiple scenarios, e.g.: 

· The connection to the parent fails and recovers as another connection to different parent (i.e., RRC Re-establishment); or, 

· The connection to the parent is reconfigured to be changed to different parent (i.e., handover); or, 
· The primary connection in two connections to different parents is switched to the other (i.e., redundant routing by e.g., Dual Connectivity). 
In some cases above (e.g., upon handover), the RLC entity may need to be re-established and all RLC SDUs are discarded [3]. So, it’s not possible to buffer/re-route any PDCP PDUs unless the Rel-15 RLC behaviour is changed. On the other hand, it may be suitable for the “above-RLC” type of Adaptation layer to buffer the PDCP PDUs during RLC re-establishment and then re-routing them to (the other) RLC entity associated with an active MAC link. So, the buffering and re-routing function  should be handled by the Adaptation layer that is located “above-RLC” on the intermediate IAB node. 
Proposal 2 RAN2 should agree that the function of buffering/ rerouting PDCP PDUs is handled by the Adaptation layer that is located “above-RLC” on intermediate IAB node. 
Considering these cases, it could be also considered that the “information needs to be exchanged” is possibly between the IAB donor and the IAB node for e.g., the architecture group 1 [1], in addition to “between IAB nodes” already captured for e.g., the architecture group 2 [1], since it will involve a reconfiguration of RRC.  In addition, it may be already impossible to exchange the information between the IAB nodes, because of the route update, e.g., due to RLF. Therefore, it’s considered that the TR should not limit the entity of information exchange within IAB nodes. 
Proposal 3 RAN2 should agree to add a text “or between IAB donor and IAB node” for the information exchange upon the “Rerouting of PDCP PDUs”. 

The benefit of the second approach will be that the IAB network recovers the packet loss by itself, even if one of RLC channels fails due to e.g., RLF. On the other hand, it may not be a perfect solution for end-to-end reliability; for example, the lossless delivery cannot be ensured, if an intermediate IAB node cannot get any other connection for rerouting and loses PDCP PDUs eventually, e.g., if a suitable IAB donor/nodes cannot be found. 
Proposal 4 RAN2 should agree that the “Rerouting of PDCP PDUs” does not ensure lossless delivery at the end, while it improves/ recovers packet loss on an intermediate RLC channel as long as another route is found. 
2.3. The third approach for reliable hop-by-hop ARQ 
The third approach, i.e., “Introducing UL status delivery (from the Donor gNB to the IAB node)”, is interesting but it’s not crystal clear whether any associated/possible solution has been clarified in contributions so far. Thus, it’s worth discussing some more details even in the study phase. 
Although it’s not clarified what the “UL status delivery” is at this point, the purpose of this is to allow “the IAB node can delay the sending of RLC ACKs to the UE until a confirmation of reception at the Donor gNB”, in order to e.g., buffer PDCP PDUs on the PDCP layer of UE and to enable PDCP data recovery [4]. So, no impact to the Rel-15 PDCP is expected from the new mechanism, which may be introduced in RLC layer on the IAB node. 
Proposal 5 RAN2 should discuss whether the impact of third approach is limited within IAB network (i.e., on IAB donor and IAB nodes). 
If Proposal 5 is agreeable, a couple of options to confirm the status UL delivery to the IAB donor, from the perspective of an edge IAB node are as follows: 
· Option 1: The UL delivery status reporting is sent from the IAB donor to the edge IAB node directly, whereby the RLC ACK takes into account both its own reception status and the UL delivery status reporting. 
· Option 2: The STATUS PDU (i.e., ACK) is sent between peer RLC entity as it is today, whereby the RLC ACK takes into account the successful reception in RLC entity of not only its own but also the parent node. 

Option 1 is a straightforward interpretation of the sentence captured in the TR [2], while some complexity is observed in terms of sending each UL delivery status reporting to each edge IAB node. It may result in additional signalling overhead over backhaul links since the new reporting is different from the usual RLC ACK (i.e., STATUS PDU [3]). 
Option 2 is a simple alternative like the bucket relay game of RLC ACK, whereby the IAB nodes just send the existing RLC ACK after these receive associated RLC ACK from its parent node. The benefit is that it does not need any additional signalling and provides scalability (i.e., no limitation on number of hops). The drawback is that the UE may wait for a longer time to receive the STATUS PDU from the IAB node, but it’s no worse than Option 1. 

Since it’s still in the study phase, both options should be captured in the TR if these are identified as beneficial. 
Proposal 6 RAN2 should agree to capture the details of “UL status delivery” in the TR, especially the IAB node considers the UL delivery status reporting from the IAB donor (Option 1) and the RLC ACK form its parent node (Option 2). 
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Figure 1
 Options to delay the sending of RLC ACKs to the UE
3. Conclusion 
In this contribution, the hop-by-hop RLC ARQ mechanisms for reliable end-to-end packet transfer are further discussed and some detailed technical options are provided.  RAN2 is kindly asked to take into account the proposals below: 
Proposal 1
RAN2 should agree that the “Modification of PDCP” is not a solution for Rel-15 UE, in addition to “Rel-15 UE performance may be impaired”.
Proposal 2
RAN2 should agree that the function of buffering/ rerouting PDCP PDUs is handled by the Adaptation layer that is located “above-RLC” on intermediate IAB node.
Proposal 3
RAN2 should agree to add a text “or between IAB donor and IAB node” for the information exchange upon the “Rerouting of PDCP PDUs”.
Proposal 4
RAN2 should agree that the “Rerouting of PDCP PDUs” does not ensure lossless delivery at the end, while it improves/ recovers packet loss on an intermediate RLC channel as long as another route is found.
Proposal 5
RAN2 should discuss whether the impact of third approach is limited within IAB network (i.e., on IAB donor and IAB nodes).
Proposal 6
RAN2 should agree to capture the details of “UL status delivery” in the TR, especially the IAB node considers the UL delivery status reporting from the IAB donor (Option 1) and the RLC ACK form its parent node (Option 2).
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5. Appendix – Text proposal

	8.2.3 
Multi-hop RLC ARQ

[…]

The issue with 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 and does not fulfill the requirement described in section 5.1.3, i.e., Rel-15 UE cannot access to IAB-node.
· 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 or between IAB donor and IAB node).
· The function of buffering/ rerouting PDCP PDUs is handled by the Adaptation layer that is located “above-RLC” on intermediate IAB-node

· 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.

· Option 1: The UL delivery status reporting is sent from the IAB donor to the edge IAB node directly, whereby the RLC ACK takes into account both its own reception status and the UL delivery status reporting. 

· Option 2: The STATUS PDU (i.e., ACK) is sent between peer RLC entity as it is today, whereby the RLC ACK takes into account the successful reception in RLC entity of not only its own but also the parent node. 
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 Figure 8.2.3-1: Options to delay the sending of RLC ACKs to the UE
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