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1 Introduction
As discussed in previous RAN2 meetings, for RLC AM mode in IAB networks with architecture group 1, two ARQ modes, i.e. the hop-by-hop ARQ and the end-to-end (E2E) ARQ are proposed as two possible solutions. Some observations are derived based on a preliminary comparison between the two ARQ modes [1] from many aspects, e.g. latency, hop count limitation, complexity, specification impact, etc. In this contribution, we present some further consideration about the pros and cons of these two ARQ modes for Architecture 1a.
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2 
2.1 Disorder of data arriving in PDCP layer


[bookmark: _Ref516585750][bookmark: OLE_LINK19]Figure 1. Problem of data discarding due to disorder of PDCP PDUs.
Since there is no reordering function in RLC layer, each IAB node will forward correctly received RLC SDUs to the next hop directly, and these forwarded SDUs may be out of order. However, with the hop-by-hop ARQ, the transmitting side of the first hop which has a PDCP entity(e.g. UE or DgNB), may transmit new packets (PDCP PDUs) continuously according to received RLC ACKs sent from the receiving side of the first hop. As a result, there is a risk that some successfully transmitted packets will be discarded by the peer PDCP entity in the receiving side of the last hop (e.g. DgNB or UE) due to that these packets arriving outside of the reordering window. 
[bookmark: OLE_LINK18]For example, as shown in Figure 1, the No. N+1 PDCP PDU arrives at IAB node 2 out of order in the first hop, and it will be forwarded to IAB donor via IAB node 1. However, when the No. N+1 PDCP PDU arrives at IAB donor, it is not in the range of the current reordering window which is [1, N], and thus it may be discarded although it is transmitted correctly across every hop. 
In contrast, if E2E ARQ is used, such a problem can be avoided, due to the fact that the RLC ACK/NACK feedback is sent from the AM RLC entity in the node which also have a corresponding PDCP entity. As a result, the PDCP entity of transmit side won’t send PDUs whose SN is larger than the upper edge of the reordering window of the receiving side.  
Observation 1: Hop-by-Hop ARQ has a risk of data loss due to out of reordering window issue, while E2E ARQ won’t arouse such problem.
2.2 Lossless data transmission when links switch
With the ARQ mechanism conducted in two peer AM RLC entities, If RLC ACK is received from the peer RLC entity, the buffered RLC SDU in the transmitting side may be deleted to clear the buffer in time. Thus, if hop-by-hop ARQ is adopted in multi-hop IAB network, there is a risk that if some intermediate IAB nodes suffer link failure and there is a need for backhaul link switch,  then many successfully received RLC SDUs in these IAB nodes may lost due to the fact that these RLC SDUs have been deleted in the upstream nodes.  Even if the corresponding PDCP PDUs are still retained at the upstream transmitting node which has PDCP entity, the PDCP entity of transmitting entity won’t retransmit this PDUs again, because the transmission of these PDCP PDUs have  been confirmed by lower layers when RLC ACKs is received according to existing PDCP handling. 
Although such a problem can be solved through PDCP retransmission as proposed by many companies in last RAN2 meeting, the backward compatibility towards Rel-15 UEs is challenged. 
Observation 2: Hop-by-Hop ARQ has a risk of data lose if some intermediate IAB nodes suffer link failure.
Observation 3: If PDCP retransmission is involved to ensure the lossless data transmission with backhaul link switch, the backward compatibility towards Rel-15 UE is challenged.
2.3 Operational impact for IAB-node to IAB-donor upgrades
According to the discussion in recent RAN2 meetings, some requirements about the upgradability of an IAB node haves been proposed. For example, if wired backhaul is provided towards the IAB node, the IAB node may need to be upgraded to a wired DU of IAB donor. Such node upgrading will result in some operational impacts about the protocol settings for the IAB node, and most of these are mainly about the interface between the IAB node and its parent node. For example, the mentioned operational impacts may comprise the protocol layer conversion from air interface protocols (e.g. RLC, Adapt, MAC, PHY) to wired F1 interface (composed by e.g. GTP, UDP, IP, L2, L1, etc.), as well as the UE context configuration since IAB donor may need plentiful caching space for UE contexts, to fill the adaptation layer of downlink packet according to information carried in F1 interface as the transmitter of the first hop in RAN part, or resolve the information contained in the adaptation layer of uplink packets and add some useful information in F1 interface as the receiver of the last hop in RAN part.  
In addition, if E2E ARQ mode is adopted for IAB networks, some enhancement of protocol settings towards IAB nodes’ child nodes is also needed, because the IAB node is equipped with part of the RLC function while the IAB donor is equipped with a full RLC function. Thus the RLC layer should be enhanced to support the full functions if the IAB node is upgraded to a IAB donor. Nevertheless, such enhancement is easy to be implement.  
Observation 4: The operational impacts for IAB node to IAB donor upgrades are mainly about the interface between the IAB node and its parent node. Minor enhancement of RLC layer function for the interface towards IAB node’s child node is needed additionally if E2E ARQ mode is adopted.  
2.4 Complexity, latency and stage 3 impacts of RLC specifications
[bookmark: _GoBack]If the hop-by-hop ARQ method is adopted, the full RLC function should be supported in IAB nodes. In contrast, if the E2E ARQ mechanism is adopted, the RLC layer locates at UE and IAB donor which are equipped with full RLC function will maintain RLC context (state variables in RLC), while for the IAB node between UE and IAB donor, only segmentation is needed in the RLC layer (may be denoted as simplified RLC or Lo-RLC), and no  RLC context needs to be maintained in IAB nodes. On the other hand, no additional RLC functions are needed for either E2E ARQ mode or hop-by-hop ARQ mode, and both of them have no stage-3 specification impact on RLC layer. 
Observation 5: The end-to-end ARQ mechanism requires lower complexity design for IAB node, when compared to hop-by-hop ARQ mechanism.
Observation 6: Both hop-by-hop ARQ and E2E ARQ has no stage-3 specification.  
When we consider the performance of average experienced RAN part latency, as has been analysed in [2], the difference between the average experienced latency of hop-by-hop ARQ and E2E ARQ mechanism is
                      (1)
Furthermore, considering that if the reassemble timer of E2E ARQ is increased as the number of hops n, the result of (1) will be modified as 
         (2)
Where TW is the waiting time in receiving node corresponds to the setting of reassemble timer of single hop case, more other definitions of related parameters can be found in annex of [2]. 
 If p is small enough (e.g.  p=0.01 when adopting HARQ in MAC sub-layer), the items  and  in (2) can be neglected, and the is approximately proportional to  and （）, where  is proportional to the setting of t-reassembly which is typically be set as several milliseconds. 
Therefore, if the reliability of each link is good enough, and the number of hops is limited (typically, n<=4), the average experienced latency of hop-by-hop ARQ is significantly larger than the E2E ARQ mechanism, and the difference is approximately proportional to reassemble processing time and the number of hops.
Observation 7: The end-to-end ARQ method outperforms hop-by-hop ARQ for IAB network with limited number of hops if the reliability of each hop is guaranteed.
Based on the previous analysis and comparison, we can draw the following proposals. 
Proposal 1: Although both of the two ARQ modes have their merits, the E2E ARQ performs even better when we focus on the backward compatibility, lossless data transmission, complexity and latency.
Proposal 2: The end-to-end ARQ and hop-by-hop ARQ should be configurable based on the number of hops and link reliability.
3 Conclusion
In this contribution, some further analysis and comparison about the hop-by-hop ARQ and E2E ARQ for Architecture 1a, and we get the following observations and proposals:
Observation 1: Hop-by-Hop ARQ has a risk of data loss due to out of reordering window issue, while E2E ARQ won’t arouse such problem.
Observation 2: Hop-by-Hop ARQ has a risk of data lose if some intermediate IAB nodes suffering link failure.
Observation 3: If PDCP retransmission is involved to ensure the lossless data transmission with backhaul link switch, the backward compatibility towards Rel-15 UE is challenged.
Observation 4: The operational impacts for IAB node to IAB donor upgrades are mainly about the interface between the IAB node and its parent node. Minor enhancement of RLC layer function for the interface towards IAB node’s child node is needed additionally if E2E ARQ mode is adopted.
Observation 5: The end-to-end ARQ mechanism requires lower complexity design for IAB node, when compared to hop-by-hop ARQ mechanism.
Observation 6: Both hop-by-hop ARQ and E2E ARQ has no stage-3 specification.
Observation 7: The end-to-end ARQ method outperforms hop-by-hop ARQ for IAB network with limited number of hops if the reliability of each hop is guaranteed.
[bookmark: OLE_LINK15]Proposal 1: Although both of the two ARQ modes have their merits, the E2E ARQ performs even better when we focus on the backward compatibility, lossless data transmission, complexity and latency .
Proposal 2: The end-to-end ARQ and hop-by-hop ARQ should be configurable based on the number of hops and link reliability.
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