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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we analyze the impact on QoS control of Layer-2 and Layer-3 relay mechanisms.
Discussion
QoS control is supported in 5GS through QoS flow classification and its mapping to AN resources, as shown in Figure 1 [1][2]:
· QoS Flow is the finest granularity of QoS differentiation in a PDU Session. User data packets are filtered and classified into QoS flows according to QoS rules.
· At Access Stratum, DRB defines the packet treatment on the radio interface. AN determines the mapping of QoS flow to DRB according to QoS profile of QoS flow (i.e., QoS parameters and QoS characteristics).
In Layer-2 relay model, adaptation is performed on RLC channel, i.e., below DRB level, while adaptation is done at QoS flow level in Layer-3 relay model.
[image: ]
Figure 1: QoS Flow Classification and Mapping to AN Resources
Since adaptation at Layer-2 relay is done below DRB, which can be considered as modification of AN resources to which QoS flows are mapped to, there is no impact on the QoS flow itself. Hence, all the network function on QoS flow can operate without change. On the other hand, adaptation at Layer-3 relay involves changes in QoS flow – from Uu QoS flow to PC5 QoS flow at a remote UE, from PC5 QoS flow to Uu QoS flow at a relay UE, etc. Therefore, end-to-end operation of QoS flow is interrupted at Layer-3 relay, and reflective QoS can’t be supported.
Because adaptation in Layer-3 relay converts a remote UE’s QoS flow to a relay UE’s QoS flow, the remote UE doesn’t have its own presence in NG-RAN. It is, therefore, not possible to perform UE specific QoS control of the remote UE at NG-RAN, e.g., for UE-AMBR.
[bookmark: Observation1]Observation 1: As Layer-2 relay model only affects AN resource allocation and doesn’t touch QoS flow, it has no impact on QoS control based on QoS flow classification and QoS flow mapping to DRB. To the contrary, Layer-3 relay model changes QoS flow classification in relaying operation, leading to the following defects:
· It can’t support end-to-end operation of QoS flow, such as reflective QoS; and
· NG-RAN loses UE specific QoS control of the remote UE, e.g., for UE-AMBR.
Furthermore, as Layer-2 relay model doesn’t impact QoS flow, QoS profile of a UE provided by 5GC to NG-RAN doesn’t change when UE to network relay is being established. That is, there is no need of AMF/SMF providing NG-RAN with updated QoS profile to accommodate the use of Layer-2 adaptation.
To the contrary, adaptation in Layer-3 relay model needs to match a QoS flow of a remote UE to a PC5 QoS flow between the remote UE and a relay UE, and in turn the PC5 QoS flow to a QoS flow of the relay UE, and finally the QoS flow of the relay UE back to the original QoS flow of the remote UE. This involves the change of QoS profile and QoS rule provided to NG-RAN and the relay UE [3] –
“When a Remote UE want to use the service offered by an AF through 3GPP network, it selects a UE-to-Network Relay and establishes a PC5 connection between Remote UE and NW Relay, if the Remote UE doesn't have the PC5 QoS parameters of the service, a default PC5 QoS Flow is setup using the default PC5 QoS parameters in the provisioning information. 
…
If the Remote UE doesn't have the PC5 QoS parameters of the service, After the PC5 connection and the related PDU session setup, remote UE interacts with AF for the application layer controlling messages required by the service, the interaction is transferred through the default PC5 QoS Flow and the default QoS Flow of the PDU session. Then AF provides the service requirement to PCF. As PCF has received the remote UE report from SMF, PCF knows the target UE requested by AF is a remote UE, PCF generates PCC rules (for QoS control on Uu) and the PC5 QoS parameters (for QoS control on PC5), the PCF decision for example could base on the received service requirements from AF and the operator policies and the charging rate of Uu and PC5.”
Therefore, unlike Layer-2 relay model, after connection is established for UE-to-network relay, Layer-3 relay model needs to go through additional steps to update Uu and PC5 configuration for QoS control. Figure 2 compares the procedural process of QoS control in Layer-2 and Layer-3 relay models.
[bookmark: Observation2]Observation 2: Layer-2 relay model takes fewer procedural steps and undergoes less configuration process than Layer-3 relay model to support QoS control.
One particular example is QoS parameter PDB. When a relay UE is involved, “the AN PDB utilized by the NG-RAN needs to be reduced, in order to give some budgets for the PC5 link” [3]. As there is no change in QoS flow with Layer-2 relay model, there is no need of modifying PDB parameter of any QoS flow, to split PDB between sidelink and Uu link. Instead, NG-RAN can use the original QoS profile and do proper configuration of PC5 and Uu interfaces, e.g., setting the maximum number of ARQ retransmission at RLC sub-layer. 
Since a Uu QoS flow of a remote UE is mapped to a pair of PC5 QoS flow and Uu QoS flow of a relay UE in Layer-3 relay model, PDB of the QoS flow of the remote UE needs to be converted to PDBs of the PC5 QoS flow and Uu QoS flow of the relay UE. This process involves AMF, SMF, PCF, AF in core network [3]. And it also increases workload in NG-RAN, as NG-RAN needs to reconfigure the relay UE’s Uu interface after receiving from SMF the new QoS profile of the Uu QoS flow of the relay UE, and to reconfigure the sidelink of the relay UE after receiving QoS profile of the PC5 QoS flow from the relay UE. And NG-RAN loses flexibility in allocating PDB between PC5 and Uu interfaces.
[bookmark: Observation3]Observation 3:  Compared to Layer-3 relay model, Layer-2 relay model provides NG-RAN with more efficient and flexible means of allocating PDB between PC5 and Uu interfaces in UE-to-network relay. 


Figure 2: Comparison of Layer-2 and Layer-3 Relay Models in QoS Control of UE to Network Relay
Conclusions
This contribution analyses the impact on QoS control of Layer-2 and Layer-3 relay mechanisms, which leads to the following observations and proposal:
Observation 1: As Layer-2 relay model only affects AN resource allocation and doesn’t touch QoS flow, it has no impact on QoS control based on QoS flow classification and QoS flow mapping to DRB. To the contrary, Layer-3 relay model changes QoS flow classification in relaying operation, leading to the following defects:
· It can’t support end-to-end operation of QoS flow, such as reflective QoS; and
· NG-RAN loses UE specific QoS control of the remote UE, e.g., for UE-AMBR.
Observation 2: Layer-2 relay model takes fewer procedural steps and undergoes less configuration process than Layer-3 relay model to support QoS control.
Observation 3:  Compared to Layer-3 relay model, Layer-2 relay model provides NG-RAN with more efficient and flexible means of allocating PDB between PC5 and Uu interfaces in UE-to-network relay. 
Proposal: The above analyses and observations should be captured in the TR 38.836. 
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