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1
Introduction
The following has been agreed as an objective of the Rel-17 IAB WI [1]:
	Topology, routing and transport enhancements [RAN2-led, RAN3]:

· Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation 



This paper discusses enhancements to improve IAB multi-hop latency.
2
Discussion
2.1 
PDB for access channel in IAB network

[image: image1.emf]gNB

DU

CU

UPF

UE

IAB-donor

donor-DU

donor-CU

UPF

IAB-MT1

IAB-DU1

IAB-MT2

IAB-DU2

IAB-MT3

IAB-DU3

UE

PDB

CN_PDB

hard-coded wireline delay

AccessCH_PDB = PDB - CN_PDB - 

hard-coded wireline delay

PDB

CN_PDB

hard-coded wireline delay

wireless BH delay = ??????

AccessCH_PDB = PDB - CN_PDB - hard-coded 

wireline delay - wireless BH delay

a) PDB of access channel in access network

b) PDB of access channel in IAB network

Not known by access IAB-node 3


Figure 1: Computation of PDB for access channels in access and IAB networks
Figure 1a shows the computation of packet delay budget (PDB) by the gNB-DU for an access RLC channel in the access network:

· The gNB-CU provides the gNB-DU with a PDB value for a given DRB/QoS flow, which defines the upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface.
· The gNB-CU provides the gNB-DU with a core network PDB (CN_PDB), which represents the delay between the UPF terminating N6 and the gNB-CU.
· The gNB-DU deducts the CN_PDB (plus any static wireline delay between the gNB-CU and the gNB-DU) from the given PDB to determine the delay budget that applies for the associated access RLC channel on the radio interface.
Figure 1b shows the computation of packet delay budget (PDB) by the IAB-DU of IAB-node 3 for an access RLC channel in the IAB network. The computation cannot be completed because not all information is available at IAB-node 3. 
· The IAB-donor-CU provides IAB-DU3 with a PDB value for a given DRB/QoS flow, which defines the upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface.

· The IAB-donor-CU provides IAB-DU3 with a core network PDB (CN_PDB), which represents the delay between the UPF terminating N6 and the gNB-CU.

· The IAB-DU deducts the CN_PDB, the static wireline PDB between the IAB-donor-CU and IAB-donor-DU and the wireless backhaul PDB from the given PDB to determine the delay budget that applies for the associated access RLC channel on the radio interface. This step fails because IAB-node 3 does not know the wireless backhaul PDB between the IAB-donor-DU and IAB-node 3.
Observation 1: The access IAB-node cannot determine the delay budget for an access RLC channel from the PDB and the CN_PDB of the associated DRB that are provided by the IAB-donor-CU.

Proposal 1: The IAB-donor-CU provides the access IAB-node with the PDB value for the wireless backhaul for each access RLC channel.

2.2 
PDB for backhaul channel in IAB network
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Figure 2: PDB for backhaul RLC channels in IAB network; ∆>0
Figure 2 shows a multi-hop IAB-network where a packet flows through a chain of three BH RLC CHs. Each BH RLC CH has an associated PDB that is provided by the IAB-donor-CU to the respective IAB-donor-DU or IAB-DU endpoint. This PDB value defines the upper bound for the time that a packet may be delayed between the parent IAB-donor-DU/IAB-DU and the child IAB-MT.

In the example of Figure 2:

· The packet is delayed (PDB1+∆) ms before it is successfully delivered to IAB-MT1 by the IAB-donor-DU. This exceeds the PDB allocated for BH RLC CH1. The IAB-donor-DU does not know the delay that will be incurred by the packet on next hops. The IAB-donor-DU cannot determine whether to discard the packet because the packet may still be delivered to the UE before it expires, as illustrated in the example.
· The packet is delayed (PDB2-2.0∆) ms before it is successfully delivered to IAB-MT2 by IAB-DU1. This delay is lower that the PDB allocated for BH RLC CH2. IAB-DU1 does not know the delay incurred by the packet on prior hops. IAB-DU1 cannot determine whether to discard the packet because the packet may still be delivered to the UE before it expires, as illustrated in the example.

· The packet is delayed (PDB3+0.5∆) ms before it is successfully delivered to IAB-MT3 by IAB-DU2. This exceeds the PDB allocated for BH RLC CH3. IAB-DU2 does not know the delay incurred by the packet on prior hops. IAB-DU2 cannot determine whether to discard the packet because the packet may still be delivered to the UE before it expires, as illustrated in the example.

Observation 2: The intermediate IAB-node/IAB-donor-DU cannot determine whether to discard a packet if the packet delivery to the child IAB-MT depletes the PDB of the associated BH RLC CH.
The intermediate IAB-node/IAB-donor-DU can determine when to discard a packet using the following options:
· Option 1: A discard timestamp is added to the BAP header at the traffic entry point to the BAP layer.

· Option 2: The donor-CU provides an additional discard PDB with a more relaxed value than the one-hop PDB of the BH RLC CH. The former PDB would still be needed to prioritize scheduling among channels with different PDBs.

Proposal 2: RAN2 to consider the following options for determining when to discard a packet by an intermediate IAB-node/IAB-donor-DU:

· Option 1: A discard timestamp is added to the BAP header at the traffic entry point to the BAP layer.

· Option 2: The IAB-donor-CU provides an additional discard PDB with a more relaxed value than the one-hop PDB of the BH RLC CH.
3
Conclusion
This paper discussed enhancements to improve IAB multi-hop latency. The following observations and proposals have been made: 

Observation 1: The access IAB-node cannot determine the delay budget for an access RLC channel from the PDB and the CN_PDB of the associated DRB that are provided by the IAB-donor-CU.
Observation 2: The intermediate IAB-node/IAB-donor-DU cannot determine whether to discard a packet if the packet delivery to the child IAB-MT depletes the PDB of the associated BH RLC CH.

Proposal 1: The IAB-donor-CU provides the access IAB-node with the PDB value for the wireless backhaul for each access RLC channel.
Proposal 2: RAN2 to consider the following options for determining when to discard a packet by an intermediate IAB-node/IAB-donor-DU:

· Option 1: A discard timestamp is added to the BAP header at the traffic entry point to the BAP layer.

· Option 2: The IAB-donor-CU provides an additional discard PDB with a more relaxed value than the one-hop PDB of the BH RLC CH.
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