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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 possible solutions. Some observations have already been provided in the TR 38.874 comparing many aspects of these two solutions, e.g. forwarding latency, latency due to retransmission, capacity, etc. In this contribution, we present some further considerations about the pros and cons of these two ARQ modes for Architecture 1a.
2 Discussion
2.1 PDCP layer Impact
As discussed in the [1], hop-by-hop ARQ has a risk of discarding PDCP PDUs by the receiving PDCP entity due to out of reordering window issue. The problem of discarding PDCP PDUs due to disordering has two obvious drawbacks, i.e. wastage of radio link resources, and loss of these discarded PDCP PDUs. End-to-end ARQ mode enables the avoidance of the PDCP HFN De-sync problem and the discarding problem resulting from PDCP PDUs disordering in multi-hop IAB networks.
	Discarding of PDCP PDUs due to disordering
	Has a risk of discarding PDCP PDUs by the receiving PDCP entity due to out of reordering window issue. May cause data loss as well as radio resource wastage.
	The discarding of PDCP PDUs due to disordering can be avoided with the end to end RLC feedback.

	HFN Desynchronization between UE and IAB donor
	Will cause HFN De-sync problem more frequently for multi-hop IAB networks, especially for uplink case.
	The HFN De-Sync problem can be avoided with the end to end RLC feedback.


Observation 1 Hop-by-Hop ARQ has a risk of discarding PDCP PDUs by the receiving PDCP entity due to out of reordering window issue, i.e. wastage of radio link resources, and loss of these discarded PDCP PDUs.

Observation 2 End-to-end ARQ mode enables the avoidance of the HFN De-sync problem and the discarding problem resulting from PDCP PDUs disordering in multi-hop IAB networks.

2.2 Lossless data transmission when switching links 

Hop-by-hop RLC ARQ can suffer data loss when the IAB topology is changed. There are three categories of solutions to address this issue under discussion. As discussed in the [2], all the three types of solutions have considerable drawbacks:
	Solutions 
	A) Modification of PDCP protocol/procedures
	B) Rerouting of PDCP PDUs buffered on intermediate IAB nodes
	C) Introducing UL status delivery

	Drawback 
	Backward compatibility towards Rel-15 UEs cannot be guaranteed.
	B-1: large adapt buffer size in each IAB node, or the signalling overhead of adaptation status will be large.

B-1 and B-2: lossless UL data delivery cannot be guaranteed, Roundabout UL data forwarding will result in more latency and the waste of backhaul bandwidth
	Loss of some advantages for the hop-by-hop ARQ compared to end-to-end ARQ.

C-2 will result in some cross impacts from delayed RLC ACKs between multiplexed UEs.


Observation 3 All the three categories of solutions proposed to solve the end-to-end reliability issue for hop-by-hop ARQ have major drawbacks.

2.3 Operational impact for IAB-node to IAB-donor upgrades

Some companies have indicated in the past that hop-by-hop ARQ has advantages from operational perspective, due to the ease of upgrading an IAB-node to an IAB-donor or regular DU. However, these advantages, if any, would be very limited. Upgrading nodes in the field will result in some operational impacts related to protocol settings/configuration for the IAB node, and these essentially only impact the interface between the IAB node and its parent node. For example, the afore-mentioned operational impacts may comprise enabling different protocol layers for the wired F1 interface (e.g. GTP, UDP, IP, L2, L1, etc.) compared to those used for the wireless backhaul (e.g. RLC, Adapt, MAC, PHY), which is expected to simply be enabled by appropriate configuration of the node. Similarly, if the IAB node is being reconfigured to serve as an IAB donor, this may require reconfiguring or upgrading the memory available to store UE context information, as the IAB donor is the first hop in RAN part of an IAB deployment.  

In addition, if E2E ARQ mode is adopted for IAB networks, some protocol settings for RLC would need to be reconfigured because as an IAB node part of the RLC function would have been disabled (e.g. functionality related to ARQ), while as IAB donor full RLC functionality would be enabled. Nevertheless, all of these functions would be activated by appropriate reconfiguration of the node.  

Observation 4 The operational impacts for conversion of an IAB node to IAB donor  would simply comprise activation the required functions by appropriate reconfiguration of the node.  

2.4 Latency and Capacity Analysis
When we consider the performance of average experienced RAN part latency, as has been analyzed in [3], the difference between the average experienced latency of hop-by-hop ARQ and E2E ARQ mechanism is
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Furthermore, considering that if the reassembly timer of E2E ARQ is increased in proportion to the number of hops n, the result of (1) can be modified as 
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Where TW is the waiting time in receiving node corresponds to the setting of reassembly timer of the single hop case. The definition of other related parameters can be found in annex of [3]. 
If p is small enough (e.g.  p=0.01 which can easily be achieved by implementing HARQ in MAC sub-layer), the items [image: image6.png]2np Tsimpie
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 is proportional to the setting of t-reassembly which is typically set to several milliseconds. 

Therefore, if the reliability of each link is good enough, and the number of hops is not too large (typically, n<=4), the average experienced latency of hop-by-hop ARQ is significantly larger than the E2E ARQ, and the difference is approximately proportional to processing time for reassembly and the number of hops. Since the average experienced latency of hop-by-hop ARQ will typically be significantly larger than for E2E ARQ, the E2E ARQ also has advantage from the capacity point of view.
Observation 5 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.

2.5 Complexity and Stage 3 Impact

If the hop-by-hop ARQ method is adopted, the full RLC function should be supported at each IAB node. In contrast, if the E2E ARQ mechanism is adopted, only the RLC layer located at UE and IAB donor implement full RLC functionality, and need to maintain the RLC state. At IAB nodes 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 state needs to be maintained in the IAB nodes. On the other hand, no additional RLC functions are needed for either E2E ARQ mode or hop-by-hop ARQ mode, and no stage-3 specification impacts for the RLC layer have been identified for either E2E ARQ or hop-by-hop ARQ. 

Observation 6 The complexity of the IAB node is lower for end-to-end ARQ compared to hop-by-hop ARQ.

Observation 7 Both hop-by-hop ARQ and E2E ARQ have no stage-3 specification impacts.  

Based on the previous analysis and comparison, we conclude with the following two proposals: 
Proposal 1: End-to-End ARQ should be down selected.

Proposal 2: If RAN2 decides to support both options, then 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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