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Introduction
[bookmark: _Ref178064866]In SI phase, it was agreed to support only hop-by-hop ARQ in Rel-16 IAB. RAN2 needs to discuss what is needed for supporting hop-by-hop RLC ARQ in IAB. This contribution discusses a possible issue on SN length for hop-by-hop RLC ARQ.

[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
In IAB with hop-by-hop RLC ARQ, an access IAB-node may have connections with multiple UEs and each UE may be configured with multiple RBs. Considering many-to-one bearer mapping, the BAP entity would map the received RLC SDUs from multiple RLC entities at the DU into one RLC entity at the MT. This means that multiple RBs at the DU may be multiplexed into a single RB at the MT.
Observation 1. In an IAB node, multiple RBs at the DU can be multiplexed into a single RB at the MT.

In RLC AM, the transmitting AM RLC entity can transmit RLC SDUs up to size of the transmitting window which is determined by the configured SN length, e.g. transmitting window size is 2048 or 131072 if 12 bits or 18 bits SN is configured respectively according to the current RLC specification. 
As per the observation 1, multiple RLC entities configured with 18bits SN at the DU can be mapped to one RLC entity configured with 18bits SN at the MT. In this condition, data throughput degradation may be inevitable because of limited size of transmitting window at the MT. For example, when five RLC entities at the DU are mapped to one RLC entity at the MT, if each RLC entity at the DU receives 131072 RLC SDUs, total 131072*5 RLC SDUs should be transmitted by the one associated RLC entity at the MT to support data rate of five RLC entities at the DU. However, the RLC entity at the MT can transmit only up to 131072 RLC SDUs because 18 bits SN is configured. We think that this could be a bottle neck and five times size of the transmitting window may be needed to handle this bottle neck problem properly. 
One simple possible solution is to introduce a longer SN length than 18bits to resolve this bottle neck problem at an IAB node.
Observation 2. In an IAB node, transmitting window size of an RLC entity at the MT can be a bottle neck to transmit RLC SDUs.
Proposal 1. A new longer SN length for RLC than 18bits should be considered for hop-by-hop RLC ARQ model.

Out-of-order delivery is mandatory for NR RLC. If complete RLC SDUs are received, the received RLC SDUs should be delivered to upper layer without storing at the RLC entity, but if RLC SDU segment is received, the received RLC SDU segment is stored at the RLC entity to wait the remaining RLC SDU segments for reassembly. In [1], it is already analysed that this out-of-order delivery may increase disorder of PDCP PDUs because complete RLC SDUs are delivered to upper layer regardless of whether an preceding RLC SDU is waiting remaining RLC SDU segments or not. 
If proposal 1 is agreeable, an RLC entity in each IAB node can use longer transmitting window than the transmitting window configured with 18bits SN. This means that many more RLC SDUs can be transmitted and disorder gap of PDCP PDUs would be larger than before. If a new longer SN length for RLC is introduced but a new longer PDCP SN is not introduced, this may cause a problem at the receiving PDCP entity, e.g. it may cause HFN desynchronization problem. Thus, if a new longer SN length for RLC is introduced, a new longer SN length for PDCP should be also introduced. 
Proposal 2. If a new longer SN length for RLC is introduced as in proposal 1, a new longer SN length for PDCP should be also introduced and the new longer SN length for PDCP should not be smaller than the new longer SN length for RLC.

[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Proposal
In this contribution, we discussed SN length for multi-hop RLC ARQ, and propose the below proposal:
Observation 1. In an IAB node, multiple RBs at the DU can be multiplexed into a single RB at the MT.
Observation 2. In an IAB node, transmitting window size of an RLC entity at the MT can be a bottle neck to transmit RLC SDUs.
Proposal 1. A new longer SN length for RLC than 18bits should be considered for hop-by-hop RLC ARQ model.
Proposal 2. If a new longer SN length for RLC is introduced as in proposal 1, a new longer SN length for PDCP should be also introduced and the new longer SN length for PDCP should not be smaller than the new longer SN length for RLC.
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