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1 Introduction
The following agreements of the RAN2#113e [1] have been achieved on multi-hop latency in IAB:
	· ISSUES: In the first instance, eIAB work on multi-hop latency will focus on the following issues:
IL-1: IAB node cannot help ensure that overall or remaining PDB is met for a packet (e.g. by prioritizing bearers with higher number of hops), as it does not have a latency reference for the packets being scheduled, resulting in packets with the same QoS requirement ending up with different latency

IL-2: IAB node may need to report joint buffer status for LCHs which have rather differing QoS requirements, due to the current (Rel-16) limit on the number of LCGs

IL-3: Buffer size calculation for pre-emptive BSR may differ for nodes of different vendors as it is left to implementation in Rel-16

IL-5: The CU is unable to put bearers with lower PDB on routes with less congestion risk (higher resource efficiency) or which are RLF-free

IL-6: The CU is unable to configure routing based on actual (real-time) latency per BH RLC channel


A WI rapporteur summary [2] on the contributions to R2#113bis-e on fairness, latency and congestion was made during RAN2#113bis-e and the summary shows that 6 companies have interests to support reporting RLC latency to the CU-CP to address IL1, IL5 and IL6. 
In this contribution, we would like to further justify the per-hop latency reporting and discuss the details on how to measure the per-hop latency in IAB network.
2 Discussion 
To ensure the overall PDB is met for a packet, the CU chooses the routing path as well as BH RLC channel for each UE bearer to make sure the overall latency along the path for the packet is less than the overall PDB. The PDB for the BH RLC channel is determined and configured by the donor-CU. To ensure one-hop latency, the expected one-hop PDB of the UE bearers which are mapped to the BH RLC channel can be considered as the same as the PDB of the BH RLC channel. The donor-CU chooses the routing path for the UE bearers based on per-hop PDB of BH RLC channel. In this way, the overall PDB of a packet can be ensured if each IAB-node ensures the per-hop PDB for the BH RLC channel. The fairness on latency can be achieved as bearers with different one-hop PDBs are mapped to different BH RLC channels and scheduling priority is done among RLC channels based on their different PDBs. 

Observation 1: The expected one-hop PDB of a UE bearer mapped to the BH RLC channel can be considered as the same as the PDB of the BH RLC channel to achieve the overall PDB of a packet.
The per-hop PDB for the BH RLC channel is configured by the donor-CU, and it may vary along the same routing path. The donor-CU can determine the per-hop PDB for BH RLC channel based on actual (real-time) latency of BH RLC channel. IAB node should measure and report the per-hop latency for each BH RLC channel to donor-CU for donor-CU to configure the per-hop BH PDB, so as to ensure the overall latency of the packet is less than the overall PDB.
Observation 2: The donor-CU can determine the per-hop PDB for BH RLC channel based on actual (real-time) latency of BH RLC channel. The IAB-node should measure the one-hop latency for each BH RLC channel and report to the donor-CU for per-hop BH PDB configuration.
Some companies would argue that reporting something to donor-CU should be in scope of RAN3. However, it can be confirmed by the WID that routing and transport enhancements which include enhancements to improve multi-hop latency are led by RAN2 rather RAN3. We propose RAN2 to agree on supporting the function of reporting per-hop latency to donor-CU in Rel-17 and discuss the details on how to measure the per-hop latency in IAB. Then RAN2 can input the result to RAN3 and RAN3 will study the corresponding F1AP signalling. 
 
Proposal 1: RAN2 to agree on supporting the function of reporting per-hop latency to donor-CU in Rel-17.
For downlink, the one-hop BH latency consists of DL delay in DU and DL delay over the air interface, which can be measured by the IAB-DU. The DL delay in DU consists of DL BAP delay is the delay from packet arrival at BAP sublayer of the IAB-DU until the last part of the packet is scheduled and sent to MAC. 
Proposal 2: The one-hop BH latency for DL consists of DL delay in DU and DL delay over the air interface, which can be measured by IAB-DU.

There are two options for the measurement of one-hop BH latency for UL. 

· Option 1: The delay measurement for UL BH link is similar as that for the access link. The BH delay for UL consists of UL BAP delay, which refers to BAP queuing delay for the channel from packet arrival at BAP entity of the IAB-MT until the UL grant to transmit the packet is available, UL RLC latency, and UL delay over the backhaul air interface. The IAB-MT performs the measurement of UL BAP delay. The parent IAB-DU measures UL RLC latency and UL delay over the air interface. The measurement of option 1 is illustrated in Figure 1.
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Figure 1: Option 1 on measurement for BH link delay
· Option 2: The BH delay for UL includes UL delay in IAB-MT, which refers to the delay from packet arrival at BAP sublayer until the last part of the packet is scheduled and sent to MAC, and the UL delay over the backhaul air interface. The IAB-MT performs those measurement for backhaul delay of UL. The measurement of option 2 is illustrated in Figure 2.
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Figure 2: Option 2 on measurement for BH link delay
Proposal 3: RAN2 to consider the following two options on measurement of one-hop BH latency for UL. 

· Option 1: The one-hop BH latency for UL consists of UL BAP delay, UL RLC latency, and UL delay over the backhaul air interface. IAB-MT measures UL BAP delay. The parent IAB-DU measures UL RLC latency and UL delay over the BH air interface.

· Option 2: The one-hop BH latency for UL includes UL delay in IAB-MT and the UL delay over the BH air interface, which are measured by the IAB-MT.
Since the access link PDB is configured for each UE bearer, the access link measurement should be based on DRBs per UE and reuse the L2 measurement that has been defined in TS 38.314. The access link delay for UL consists of UL PDCP delay, UL RLC latency and UL delay over the air interface, while the access link delay for DL consists of DL delay in DU and DL delay over the air interface. Referring to Figure 3, the UE should measure the UL PDCP delay. The DU of access IAB node should measure the DL delay in DU, DL delay over the air interface, UL RLC latency and UL delay over the air interface. 

Proposal 4: The access link delay measurement should be based on DRBs per UE and reuse the L2 measurements defined in TS 38.314.
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Figure 3: Measurement for access link delay
3 Conclusion

In this contribution, we have justified the per-hop latency reporting and discussed the details on how to measure the per-hop latency in IAB network. The following observations and proposals are made:
Observation 1: The expected one-hop PDB of a UE bearer mapped to the BH RLC channel can be considered as the same as the PDB of the BH RLC channel to achieve the overall PDB of a packet.
Observation 2: The donor-CU can determine the per-hop PDB for BH RLC channel based on actual (real-time) latency of BH RLC channel. The IAB-node should measure the one-hop latency for each BH RLC channel and report to the donor-CU for per-hop BH PDB configuration.
Proposal 1: RAN2 to agree on supporting the function of reporting per-hop latency to donor-CU in Rel-17.
Proposal 2: The one-hop BH latency for DL consists of DL delay in DU and DL delay over the air interface, which can be measured by IAB-DU.

Proposal 3: RAN2 to consider the following two options on measurement of one-hop BH latency for UL. 

· Option 1: The one-hop BH latency for UL consists of UL BAP delay, UL RLC latency, and UL delay over the backhaul air interface. IAB-MT measures UL BAP delay. The parent IAB-DU measures UL RLC latency and UL delay over the BH air interface.
· Option 2: The one-hop BH latency for UL includes UL delay in IAB-MT and the UL delay over the BH air interface, which are measured by the IAB-MT.Proposal 4: The access link delay measurement should be based on DRBs per UE and reuse the L2 measurements defined in TS 38.314.

Proposal 4: The access link delay measurement should be based on DRBs per UE and reuse the L2 measurements defined in TS 38.314.
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