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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
In last RAN2 meeting, IAB workshop proposed a text proposal [1] including two of the AQR architectures for IAB. This contribution discusses the details of these two ARQ architectures and studies what benefits are brought, and the impacts of RLC layer of these two ARQ architectures.
Discussion
In IAB architecture text proposal [1], the described architecture options for architecture group 1 including placement of an adaptation layer, functions supported by the adaptation layer, support of multi-hop RLC, impacts on scheduler and QoS are as follows:
8.2.3 Multi-hop RLC ARQ
For RLC AM, ARQ can be conducted hop-by-hop along access and backhaul links (Figure 8.2-1b, c and 8.2-2). It is also possible to support ARQ end-to-end between UE and IAB-donor (Figure 8.2-1a). Since RLC segmentation is a just-in-time process it is always conducted in a hop-by-hop manner. The figures show example protocol stacks and do not preclude other possibilities.

The study includes hop-by-hop and end-to-end RLC ARQ. 
The type of multi-hop RLC ARQ and adaptation-layer placement have the following interdependence:
· End-to-end ARQ: Adaptation layer is integrated with MAC layer or placed above MAC layer
· Hop-by-hop ARQ:  No interdependence

In the IAB architectures we captured so far, all architectures allow an independent RLC entity in each IAB node, so if we inherit the legacy RLC mechanism, each RLC entity shall works independently, by which we call the legacy RLC mode “Hop-by-hop”. We will study these two ARQ modes. 

· Hop-by-hop ARQ:  
In this hop-by-hop ARQ mechanism, which inherit legacy ARQ, one peer ARQ entities only conduct the adjacent hop air interface, for example hop 1 won’t impact hop 2, which means that missing packet detection and retransmission will aim at to recover potential errors in this one-hop link. After the successfully transmission in hop 1, this IAB node doesn’t have to worry about the channel quality of hop 2 channel quality, the re-transmission in hop 2 won’t impact any redundant re-transmission in hop 1


Figure 1: hop by hop ARQ
In TS 38.323, the following statement describes in which circumstances the UE shall discard PDCP SDU:
“When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.”

In accordance with the UE behavior in the 38.323 specification, after delivering the PDCP PDU to lower layer, the UE will discard the corresponding PDCP PDUs when the discard timer expires, or the successful delivery of a PDCP SDU is confirmed by PDCP status report. If the corresponding PDCP PDU has already been submitted to lower layers, the discard is indicated to lower layers. But if the transmission of PDCP SDU is confirmed by lower layer, PDCP layer is not mandated to discard the corresponding PDCP SDU, namely PDCP layer will not discard the corresponding PDCP SDU until discard timer expiry or acknowledgement by PDCP status report.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 1: if the transmission of PDCP SDU is confirmed by lower layer, PDCP layer is not mandated to discard the corresponding PDCP SDU.

· end-by-end ARQ:  
In the architecture discussion, some companies raise a potential direction to use an end-to-end ARQ in IAB architecture, which means that ARQ function just resides in the two endpoints of the path, i.e. between UE and donor or between access node and donor, as indicated in figure 2. 


Figure 2: end-to-end ARQ
As illustrated above, if when a RLC PDU is successfully transmitted in hop 1 and 2, but not successfully transmitted in hop 3, for end-to-end ARQ mechanism, the RLC STATUS REPORT should be send through IAB node 1 and IAB node 2 to UE. In this circumstance, the RLC STATUS REPORT may take a long time. Furthermore, the same packet should be re-transmitted through hop 3, but unnecessary retransmission in hop 1 and hop 2. 
Observation 2: end-to-end ARQ brings redundant re-transmission in the hop where packet has been successfully transmitted. 
Once a missing packet is detected, this packet will be retransmitted in all of links. But in fact this packet may be successfully transmitted in several links but failure only occurs in one link or the last link. Retransmission will consume more radio resources and high delay will be introduced. So we have strong concern that in case there is radio failure in one hop, this end-to-end ARQ will increase missing packet detection delay and drains the radio resources in the hop where packet has been successfully transmitted. 
Observation 3: the redundant re-transmission caused by end-to-end ARQ will increase missing packet detection delay and drains the radio resources in the hop where packet has been successfully transmitted. 
Another side effect is the missing packet detection will be more difficult than one-hop link because all of links worst situation should be considered and detection timer and delay will be largely increased. From the perspective of block error, maximum retransmission number will be increased. For example, if the target is 10^-6, 4 retransmission is needed for one hop and more retransmission will be needed for multiple hop. Moreover, in some extreme case, e.g. achieving ARQ maximum retransmission number, there is no way for the end node to be aware that which link is broken in this multiple hops chain. When one link reaches the maximum re-transmission number, the whole transmission crashes.
[bookmark: _GoBack]Observation 4: for end-to-end ARQ, due to the unexpected radio quality in multiple hops caused by redundant re-transmission, the maximum re-transmission number have to be configured dramatically outnumbered the legacy maximum re-transmission number, which may increase the latency tremendously.
In end-to-end ARQ, RLC PDUs and RLC status reports are delivered through a multi-hop link, and the sequence numbering of RLC SDUs is only performed at either UE in uplink or IAB donor in downlink. Other intermediate IAB nodes would only transfer the received RLC PDU with or without further segmentation. Because multi-hop link could have a much longer RTT compared to single-hop link, the sliding window for RLC transmission could have to be significantly enlarged and a larger RLC SN space may be required. Otherwise, RLC transmission may be affected by the small transmission window, and some extra delay would be resulted. For example if the sliding window is very small, it is possible that the maximum RLC transmission window could be achieved at UE while the first transmitted RLC PDU still does not arrive at the IAB donor. In this case, UE would have to wait for the moving of stalling window for the new RLC transmissions. 
Observation 5: for end-to-end ARQ, sliding window for RLC layer should be configured tremendously large, and also the RLC SN shall also be configured tremendously large, which should extend the current RLC sliding window size and RLC SN length.
As per the above observation, we identified many defects for end-to-end ARQ, so we kindly ask RAN2 to agree hop-by-hop ARQ. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 1: RAN2 is kindly asked to agree hop-by-hop ARQ for the IAB architecture.
Conclusion 
In this contribution, we discussed how end-to-end ARQ and hop-by-hop ARQ works, and hereby we have the following observations and proposals:
Observation 1: if the transmission of PDCP SDU is confirmed by lower layer, PDCP layer is not mandated to discard the corresponding PDCP SDU.
Observation 2: end-to-end ARQ brings redundant re-transmission in the hop where packet has been successfully transmitted. 
Observation 3: the redundant re-transmission caused by end-to-end ARQ will increase missing packet detection delay and drains the radio resources in the hop where packet has been successfully transmitted. 
Observation 4: for end-to-end ARQ, due to the unexpected radio quality in multiple hops caused by redundant re-transmission, the maximum re-transmission number have to be configured dramatically outnumbered the legacy maximum re-transmission number, which may increase the latency tremendously.
Observation 5: for end-to-end ARQ, sliding window for RLC layer should be configured tremendously large, and also the RLC SN shall also be configured tremendously large, which should extend the current RLC sliding window size and RLC SN length.
And we propose:
Proposal 1: RAN2 to agree hop-by-hop ARQ for the IAB architecture.
Reference 
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