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1. Introduction
The new work item on Integrated Access and Backhaul was approved in RAN#82 [1]. One of the objectives in this WI is to specify the multi-hop RLC ARQ mechanism with lossless delivery. 
	· Specification of enhancements to L2 wireless transport [RAN2-led, RAN3]:

· […]

· Specification of mechanisms to enable lossless delivery in hop-by-hop ARQ. 


In this contribution, the initial consideration for the normative work of hop-by-hop RLC ARQ mechanism is discussed. 
2. Discussion 
In the study phase, the multi-hop RLC ARQ was extensively discussed and eventually the TR concluded that “RAN2 studied hop-by-hop and end-to-end RLC ARQ. It is recommended to only support hop-by-hop ARQ in Rel-16.” [2]. With regard to the hop-by-hop RLC ARQ, the issue in lossless delivery of UL data was identified, and the candidate solutions and these observations were captured in the TR; 
	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 mechanism would not be applicable to Rel-15 UEs which means that Rel-15 UE performance may be impaired;
-
When either PDCP data recovery / PDCP re-establishment is triggered by RRC or PDCP status report is received, UE retransmits UL data irrespective of whether successful delivery has been confirmed by RLC;
-
New field may be included in the RRC message or PDCP status report in order to indicate, whether the UE performs UL data retransmission regardless of confirmation of successful delivery by RLC.

-
Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update:
-
UL data is buffered on IAB-node(s) until the IAB-node receives from its parent node either information about UL data, which has been successfully delivered to IAB-donor, or RLC positive ACK;
-
When forwarding path is (re)configured, the buffered data is retransmitted by the IAB-node that is either the last unchanged node in the new path or where backhaul-link failure occurs.

-
Introducing UL status delivery (from the Donor gNB to the IAB-node):
-
One way is that UE's access IAB-node delays the sending of RLC positive ACKs to UE until receiving a confirmation of data reception from IAB-donor. Another way is that an IAB-node delays the sending of RLC positive ACKs to its child node or UE until receiving RLC positive ACKs from its parent node;
-
When PDCP data recovery / PDCP re-establishment is triggered by RRC, UE retransmits UL data as in the current specifications.

Table 8.2.3-2: Comparison of mechanisms for lossless delivery of UL data in hop-by-hop RLC ARQ case

Modification of PDCP protocol/procedures 

Rerouting of PDCP PDUs buffered on intermediate IAB-nodes

Introducing UL status delivery

Applicable to Rel-15 UEs

No

Yes

Yes

Signaling overhead

Yes

New signaling for triggering data retransmission
Yes

New signaling for either deciding whether to discard the buffered data or configuring the forwarding path for the buffered data on the old route.
Yes

New signaling for confirming data reception and/or triggering data retransmission.
Support of lossless delivery of UL data

Yes

No

Yes

 


Obviously, the third candidate with “Introducing UL status delivery” has the benefits in the metrics that were discussed in the study phase. So, the third solution should be prioritized for the Rel-16 normative work. Other solutions can still be considered and are not intended to be excluded. 

Proposal 1 RAN2 should first discuss the solutions based on “Introducing UL status delivery” that was identified for lossless delivery of UL in hop-by-hop RLC ARQ in the study item. 

If Proposal 1 is acceptable, it should be clarified what the “UL status delivery” is. The TR captures the two possibilities as follows; 

· “One way is that UE's access IAB-node delays the sending of RLC positive ACKs to UE until receiving a confirmation of data reception from IAB-donor.” (Option 1)
· “Another way is that an IAB-node delays the sending of RLC positive ACKs to its child node or UE until receiving RLC positive ACKs from its parent node;” (Option 2)
Observation 1 Two options of “UL status delivery” were identified in the study phase. 
These options would be depicted as shown in Figure 1 [3]. 
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Figure 1
 UL status delivery options
With Option 1, the IAB node receives a direct UL status delivery from the IAB donor. Considering the RLC STATUS PDU is transferred between peer RLC entities [4], the challenge would be the UL status delivery needs to go beyond intermediate RLC entities (i.e., on intermediate IAB nodes) due to the multi-hop functionality. To bypass the RLC entities on intermediate IAB nodes, the direct message between the (access) IAB node and the IAB donor, i.e., the UL status delivery, should be implemented in the Adaptation layer [5] which will be located above RLC layer and provides routing across the wireless backhaul [1]; or another possibility is in F1-AP [6] . It will potentially need some inter-layer interactions between the Adaptation layer/ F1-AP and the RLC layer, e.g., a polling request from the RLC layer, a delivery indication from the Adaptation layer with mapping of sequence numbers of RLC data PDU and so on. 
Observation 2 A direct “UL status delivery” (Option 1) may be implemented on the Adaptation layer or F1-AP, and need some inter-layer interactions. 
With Option 2, the IAB node delays to send RLC ACK to its child node until it receives corresponding RLC ACK from its parent node. So, the UL status delivery can reuse the existing STATUS PDU on RLC layer [4], and the message is considered as “implicit”. However, the RLC ACK is delayed longer and longer at the edge devices, e.g., the UE and the (access) IAB node, the latency/throughput may be degraded due to the RLC window stalling, unless a longer window length, a shorter t-StatusProhibit timer or a careful operation is taken. 
Observation 3 An implicit “UL status delivery” (Option 2) may reuse the existing RLC STATUS PDU but need some careful implementation to avoid frequent RLC window stalling. 
The two options for “UL status delivery” have pros and cons, but Option 2 is simpler, thus less standardization effort is expected. Considering many other functions need to be specified in this WI [1], Option 2 is slightly preferred. 
Proposal 2 RAN2 should agree to adopt (or to prioritize) the implicit “UL status delivery” that reuses the existing RLC STATUS PDU, i.e., “an IAB-node delays the sending of RLC positive ACKs to its child node or UE until receiving RLC positive ACKs from its parent node” (Option 2 above). 
The common aspect between the options would be that RLC needs to have additional condition for the RLC ACK to the UE and/or the child nodes, i.e., how to set the ACK_SN in STATUS PDU [4]. Because the RLC entity in an IAB node actually received the concerned data PDU from the UE/ the child node successfully but should wait for receiving the “UL status delivery” from the IAB donor/ the parent node. A simple solution is the RLC entity considers the concerned data PDU is not received yet until it receives the “UL status delivery”. 
Proposal 3 RAN2 should agree that RLC entity considers a concerned UL data PDU is not received yet until the “UL status delivery” is received, when it constructs a STATUS PDU, regardless of Options (i.e., direct or implicit). 

3. Conclusion 
In this contribution, the initial consideration to specify multi-hop RLC ARQ is discussed. Based on the outcome of study item, the solution directions are suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should first discuss the solutions based on “Introducing UL status delivery” that was identified for lossless delivery of UL in hop-by-hop RLC ARQ in the study item.
Observation 1
Two options of “UL status delivery” were identified in the study phase.
Observation 2
A direct “UL status delivery” (Option 1) may be implemented on the Adaptation layer or F1-AP, and need some inter-layer interactions.
Observation 3
An implicit “UL status delivery” (Option 2) may reuse the existing RLC STATUS PDU but need some careful implementation to avoid frequent RLC window stalling.
Proposal 2
RAN2 should agree to adopt (or to prioritize) the implicit “UL status delivery” that reuses the existing RLC STATUS PDU, i.e., “an IAB-node delays the sending of RLC positive ACKs to its child node or UE until receiving RLC positive ACKs from its parent node” (Option 2 above).
Proposal 3
RAN2 should agree that RLC entity considers a concerned UL data PDU is not received yet until the “UL status delivery” is received, when it constructs a STATUS PDU, regardless of Options (i.e., direct or implicit).
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