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[bookmark: _Toc517365966]Introduction
As an IAB system is multi-hop system, a packet traversing the IAB system from the donor-IAB to the UE or from the UE to the donor-IAB will be delayed in proportion to the number of hops including waiting time in buffering queues. For some services, the delay needs to be controlled, ensuring not to exceed a specified limit. One of the objectives in the Rel17 IAB WID is, “Topology, routing and transport enhancements”
· Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation”
This paper discusses the user plane multi-hop latency management of an IAB system.
[bookmark: _Ref178064866][bookmark: _Toc517365967]Discussion
In Rel-16, to manage latency due to the uplink scheduling, it is specified to optionally use pre-emptive BSR. However, how to manage in general the end-to-end latency of a DL or UL packet that traverses through several IAB nodes, there is nothing specified in Rel-16. For some services, the delay needs to be controlled and ensured to not exceed a specified limit, this could be required for an operator to fulfil certain SLA towards its customers. 
The delay experienced by a packet between entering the donor-CU and being demodulated and decoded in the UE consists of: (i) the propagation delay of the wireless media (air), typically approximated by the speed of the light 3E8 m/s; (ii) all the processing delay from the radio protocol handling in the different IAB nodes, including the queuing delay due to the packet buffering operations and also the delay resulting from half-duplexing operation. The half-duplexing requires the different IAB nodes to work in TDM fashion, i.e., a received packet in the IAB node needs to wait for an available time resource when it can be transmitted for the next hop or to a user UE. Taking all the contributors together for the delay of a packet it is obvious that packet delay will increase with the number of hops. How to manage and control DL and UL latency in a multi-hop IAB system have not been discussed in any of the different WGs during the Rel-16 IAB WI.
[bookmark: _Toc528591194][bookmark: _Toc47545247][bookmark: _Toc12885057]How to manage and control DL and UL latency in a multi-hop IAB system have not been discussed in any of the different WGs during the Rel16 IAB WI. 
The Packet Delay Budget (PDB) is a standardized 5QI parameter and it defines an upper bound for the time that a packet may be delayed between the UE and the UPF. In the TS.23.501 (table 5.7.4-1), it is specified that the possible range for PDB varies from 5ms-300ms. The range of the PDB is supposed to cover most of the services anticipated for NR. However, in the current specifications, no particular optimizations have been introduced for controlling or managing PDB in a multi-hop IAB system.
[bookmark: _Toc12885058][bookmark: _Toc47545248]The Packet Delay Budget (PDB) is a standardized 5QI parameter and it defines an upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface.
[bookmark: _Toc47545249]In the current specifications, there is no particular optimization specified to manage the PDB requirements across a multi-hop IAB system.
The Figure 1 describes an IAB multi-hop system where the different contributors to the packet delay are indicated. 
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Figure 1: Multi-hop IAB system
Figure 1 describes one of the possible schemes for the time duplexing between the different IAB nodes. In the configuration shown in figure 1, DL backhaul and DL access to UE are transmitted simultaneously as well as the UL on the backhaul and from the UE. This duplexing scheme results in that the transmission takes place in 4-time phases. The denotation in the figure is: tdn, tNx are the processing times to get a packet through the nodes this includes all radio protocol processing and data buffering and queue operations. The tBH-x is the signal propagation of the wireless backhaul. There is also tUE propagation time. The t1(1), t1(2) describes the time phase where a node is transmitting in DL t1(1) receiving UL t1(2) the t2(1) and t2(2) is the same but for the adjacent node. The packet delay, Tpacket for a packet entering the CU time=0 having a destination to UE4 would be:
Tpacket=tdn+tBH-1+tUL+tN1+tBH-2+tN2+tUL+tBH-3+tN3tUE-4+tUL
tUL denotes the UL time slot length.
From the formula for the Tpacket it is clear that the delay is proportional to the number of hops and if the same formula would be written for the UL SR and grant signaling would result in longer delay than in DL. To meet the PDB requirement the Tpacket < PDB. 
Given the above discussion, we believe that RAN2 should investigate if there is the need to optimize the current handling of PDB requirements in a multi-hop IAB network. And in case, RAN2 sees the need to do that, then RAN2 should aim at minimal changes at least in RAN2 specifications. 
[bookmark: _Toc47545250]Agree that RAN2/RAN3 should investigate whether existing means for managing the DL and UL latency in an IAB system such that the Packet Delay Budget as defined in 23.501 are sufficient.
[bookmark: _Toc47545251]In case RAN2 sees the need to optimize the current handling of PDB requirement in a multi-hop IAB network, then RAN2 should aim at minimal specification impact.
[bookmark: _Toc516582804][bookmark: _Toc517365968]Conclusion
In section 2, we made the following observations:
Observation 1	How to manage and control DL and UL latency in a multi-hop IAB system have not been discussed in any of the different WGs during the Rel16 IAB WI.
Observation 2	The Packet Delay Budget (PDB) is a standardized 5QI parameter and it defines an upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface.
Observation 3	In the current specifications, there is no particular optimization specified to manage the PDB requirements across a multi-hop IAB system.

Based on the discussion in section 2, we propose the following:
Proposal 1	Agree that RAN2/RAN3 should investigate whether existing means for managing the DL and UL latency in an IAB system such that the Packet Delay Budget as defined in 23.501 are sufficient.
Proposal 2	In case RAN2 sees the need to optimize the current handling of PDB requirement in a multi-hop IAB network, then RAN2 should aim at minimal specification impact.

	1/2	
image1.png
---» t(2)

UE1

—UE3

—UE4




