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1. Introduction
Rel-17 NR SL Relay WI [1] approved in RAN#91e on NR SL relay has identified the following mechanism for Layer 2 UE-to-Network relay:
Work Item objectives specific to Layer-2 (L2) relaying:

3.
Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4.
Specify mechanisms for service continuity 

a.
Limited to intra-gNB cases [RAN2]

5.
Specify mechanisms for U2N Adaptation layer design [RAN2]

a.
For bearer mapping and Remote UE identification, incl. RAN related security aspects if any

6.
Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]
In this paper, we discuss the methods to support end-to-end QoS for Layer 2 UE-to-NW relay. 
2. Discussions
During the SA2 study phase for 5G ProSe, both the solution#7 and solution#44 in TR 23.752 [2] have proposed QoS solutions for Layer 2 UE-to-NW relay. Eventually, SA2 selects solution 7, as it has no CN impact while solution#44 involves PCF and SMF for QoS rule setting. In solution#7, 5GS flow-based QoS concept in particular is reused between the Remote UE and the network, and the QoS for E2E flow is split into QoS for SLRB and QoS for Uu DRB. The QoS splitting between PC5 and Uu is conducted in RAN.
Regarding the RAN operation for the split of QoS, we need consider some major QoS metrics in 5G systems represented in both 5QI and PQI. Each 5QI/PQI is associated with “Priority”, “PDB(Packet Delay Budget)” and “PER (Packet Error Rate)” requirements, whose rule of thumb for QoS splitting has been explained in Figure 1. 
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Figure 1 QoS Split between PC5 and Uu for UE-to-NW relay (Uplink Example)
As illustrated in Figure 1, there are certain constraints which NG-RAN need to consider when it split the E2E flow QoS requirements into the QoS requirements for PC5 flow and Uu flow in respective hops. The relationship of some metric is straight-forward. For example, the total latency of PC5 hop and Uu hop shall be no more than the E2E latency requirement for the Uu bearer between remote UE and NW. But, how to split some other metric to ensure end-to-end QoS is not very clear. For example, the priority of 5QI and priority of PQI has no direct relationship. It is not proper to let NG-RAN node to determine the PC5 priority in PQI arbitrarily for the PC5 hop between remote UE and relay UE. There needs to be some rules to be clarified by SA2 on this aspect.

Proposal 1
Send an LS to SA2 asking for clarification of QoS split guidance, especially for Priority in 5QI/PQI.  
Then, regarding how NG-RAN node performs the split of QoS parameters, we need avoid to have a static rule to conduct split. For example, if a E2E QoS flow has a PDB requirements of 100ms, RAN may do a 50/50 split, or 60/40 split between Uu and PC5 for latency requirements, but none of them is clearly justified. Moreover, the enforcement of PC5 QoS could be challenging given that resource pool is shared by in-coverage UE and out-of-coverage UE. Mode 2 resource scheduling will create large variance of QoS performance in traffic delivery in PC5 hop.

Ultimately, the exact QoS metrics used in each hop need to be decided by gNB based on link conditions and traffic load, then conveyed to remote UE and relay UE, respectively. This requires the UEs to send statics and measurements to gNB so that the QoS configurations can be adjusted dynamically,

For example, as shown in the signaling diagram in Figure 2, relay UE may detects the congestion in the PC5 hop and determines that the existing Uu DRB configured for UL traffic may not be able to deliver the traffic to gNB in time. The UE need send RRC signaling to trigger the NG-RAN action. The RRC signaling can reuse the existing RRC message such as SidelinkUEInformation, UEAssistacneInformation or even measurementReport. As a result, gNB will reconfigure the Uu RB and/or PC5 SLRB to support a new set of QoS metrics split based on updated link conditions. 
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Figure 2: Dynamic QoS Configuration for UL traffic in Layer 2 UE-to-NW relay
Here, what is reported by the relay UE is more than the legacy RRM measurements defined for Uu. As relay traffic for multiple E2E flows are multiplexed in the same Uu DRB, additional per-flow statistics are critical for gNB to provide accurate configuration to support QoS.  
Proposal 2
Relay UE reports relay-related measurements to gNB to help gNB dynamically adjust per-flow QoS Split.  
Another aspect to consider in the enforcement of E2E QoS is the role of the relay, due to its unique location in the middle point for both DL and UL path. Instead of being a dumb forwarder, a smart relay UE can enforce some policy to optimize the packet forwarding. This enhancement is complementary to the flow-based QoS enforcement. For example it can drop the packets which are not expected to meet end-to-end QoS requirements. This can help to save the bandwidth usage in both PC5 hop and Uu hop, when the link is congested. Also, it can optimize its scheduling to maximize the packet delivery success ratio. 
To enable this, relay UE shall be able to measure the QoS performance of the upstream traffic and then make corresponding decisions for how to perform downstream transport. This will require some enhancement in user plane protocol headers. For example, to correctly understand how much packet delay budget has been consumed by the Uu hop, a timestamp may need to be added in Uu adaptation header. Then the relay UE can use the actual remaining packet delay budget for scheduling PC5 hop delivery, which would be very useful for mode 2 relay UEs. 
Proposal 3
RAN2 discuss the methods to support relay UE to measure the QoS performance of upstream traffic.  
3. Conclusions

In this paper, we have discussed the QoS methods for Layer 2 UE-to-NW relay and have the following proposals:

Proposal 1
Send an LS to SA2 asking for clarification of QoS split guidance, especially for Priority in 5QI/PQI.  
Proposal 2
Relay UE reports relay-related measurements to gNB to help gNB dynamically adjust per-flow QoS Split.  
Proposal 3
RAN2 discuss the methods to support relay UE to measure the QoS performance of upstream traffic.  
4. References

[1]
RP-210904, WID on NR Sidelink Relay.
[2]
3GPP TR 23.752, v17.0.0


3/4


