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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. The related WID objectives on E2E QoS enforcement are: 
The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives specific to Layer-2 (L2) relaying:

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

NOTE 2:
For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.

NOTE 3:
Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.

NOTE 4:
Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.

E2E QoS enforcement is highly related to adaptation layer design. In RAN2#113b-e [2], some progress was made:
Proposal 3: For both DL and UL transmission of Uu radio bearers other than SRB0, identity information of a remote UE and its Uu radio bearer are included in the header of adaptation layer over Uu. FFS for SRB0. FFS if the presence of adaptation layer header can be configurable. (24/24)

Proposal 3a: The radio bearer ID in the adaptation layer header is the Uu radio bearer ID of the remote UE. (23/24)

Proposal 3b: The UE ID in the adaptation layer header is a local, temporary remote UE ID. FFS whether the local, temporary remote UE ID is assigned by the relay UE, or the serving gNB of the relay UE. (23/24)

Proposal 3c: Mapping is done at Relay UE between PC5 RLC bearer IDs, identity information of remote UE and Uu radio bearer, and Uu RLC bearer IDs.

In this contribution, we discuss how to enforce E2E QoS, considering latest agreements on adaptation layer.
2 Discussion
In TR 38.836 [3], it captured that gNB implementation can handle the QoS breakdown between Uu link and PC5 link for E2E QoS enforcement. And there is also one FFS captured on details of handling in case PC5 RLC channels with different end-to-end QoS are mapped to the same Uu RLC channel.
From TR 38.836 [3]:
4.5.2
QoS

gNB implementation can handle the QoS breakdown over Uu and PC5 for the end-to-end QoS enforcement of a particular session established between Remote UE and network in case of L2 UE-to-Network Relay.  Details of handling in case PC5 RLC channels with different end-to-end QoS are mapped to the same Uu RLC channel can be discussed in WI phase.
2.1 How gNB can handle QoS breakdown
Although it was agreed “gNB implementation” can handle the QoS breakdown, we think more discussions are needed whether gNB has sufficient information to perform such breakdown. 
In L2 U2N relay, the enforcement of E2E QoS for relayed traffic is supported by mapping the Uu QoS flows to appropriate Uu DRB(s), Uu RLC bearer(s) and PC5 RLC bearer(s). Basically, it requires gNB to be able to split E2E QoS requirement into 5QI and PQI. As we know, each 5QI / PQI is associated with multiple requirements (e.g., Priority, PDB and rate). Thus, it is not clear how gNB can satisfy these metrics by splitting E2E QoS. Such split is even more complex because some metrics are highly dependent in L2 U2N relay. For example, PDB of PC5 link and Uu link should be smaller than the E2E PDB. In our understanding, remote UE’s 5QI alone is not sufficient for gNB to decide the PQI and the corresponding LCH priority for PC5 link due to the below reasons:

· Logical channel priority range is 1-16 for Uu interface and 1-8 for PC5 interface

· The standardized 5QI and PQI values and other QoS characteristics can’t be mapped

· Also, in case of non-standardized 5QI and PQI values, the QoS characteristics configured by network may not be mapped

Observation 1: For E2E QoS enforcement, remote UE’s 5QI alone is not sufficient for gNB to decide the PQI and the corresponding LCH priority for PC5 link because:

· Logical channel priority range is 1-16 for Uu interface and 1-8 for PC5 interface

· The standardized / non-standardized 5QI and PQI values and other QoS characteristics can’t be mapped
Thus, we think it is not proper for gNB to determine the PC5 priority in PQI arbitrarily for the PC5 link based on E2E 5QI in L2 U2N relay. Instead, the simplest way is AMF sends the mapping between E2E QoS and Uu QoS to RAN. RAN2 can request SA2 to introduce such signaling.    
Proposal 1: For gNB to handle QoS breakdown over Uu and PC5 for E2E QoS enforcement, AMF needs to send the mapping between E2E QoS and Uu QoS to RAN.  
Proposal 2: Send LS to SA2 to request to introduce the signaling   

2.2 PC5 QoS enforcement
Assuming gNB has split E2E QoS into 5QI for Uu link and PQI for PC5 link, we have the following two alternatives for PC5 QoS enforcement:

· Alt-1: gNB configures both Uu RLC bearers and SL RLC bearers (after split from Uu part) associated to E2E Uu bearers via RRC
· Alt-2: gNB configures relay UE Uu RLC bearers and the mapping between the relayed Uu RLC bearers to the SL RLC bearers. Then, relay UE configures remote UE SL RLC bearers accordingly.
We prefer Alt-1 because it is simpler. More spec changes are required in Alt-2. For example, relay UE can’t perform Rel-16 specified solution of QoS flow mapping to SL-DRB, due to lack of PC5 SDAP/PDCP in protocol stack of L2 relay.

Observation 2: Even if split PC5 QoS is available in relay UE, it can’t perform PC5 QoS enforcement via QoS flow mapping to SL-DRB, due to lack of PC5 SDAP/PDCP in protocol stack of L2 relay.
Proposal 3: To enforce E2E QoS enforcement, gNB directly configures relay UE and remote UE the SL RLC bearers via RRC signaling (i.e., no need for relay UE to perform extra mapping to identify the PC5 QoS based on E2E QoS and Uu QoS)
2.3 Uu QoS enforcement
Because N:1 bearer mapping between PC5 and Uu is supported at relay UE, whether spec change on Uu QoS enforcement needs further study. As highlighted in QoS section of TR 38.836 [3], the below 2 cases can happen in the case of N:1 mapping:

· Case 1: PC5 RLC CHs corresponding to the remote UE(s) Uu bearers with same e2e QoS needs are mapped to the Uu RLC CH
· Case 2: PC5 RLC CHs corresponding to the remote UE(s) Uu bearers with different QoS needs are mapped to the same Uu RLC CH

Before we discuss the details of these two cases, we would like to clarify that both cases should follow Rel-15 specified principle that QoS flows of different PDU sessions cannot be multiplexed to a single Uu bearer, which is captured in TS 38.300 [4]:
From Section 12.1 of TS 38.300:
The QoS architecture in NG-RAN, both for NR connected to 5GC and for E-UTRA connected to 5GC, is depicted in the Figure 12-1 and described in the following:

-
For each UE, 5GC establishes one or more PDU Sessions;

-
Except for NB-IoT, for each UE, the NG-RAN establishes at least one Data Radio Bearers (DRB) together with the PDU Session and additional DRB(s) for QoS flow(s) of that PDU session can be subsequently configured (it is up to NG-RAN when to do so);

-
If NB-IoT UE supports NG-U data transfer, the NG-RAN may establish Data Radio Bearers (DRB) together with the PDU Session and one PDU session maps to only one DRB;

-
The NG-RAN maps packets belonging to different PDU sessions to different DRBs;
-
NAS level packet filters in the UE and in the 5GC associate UL and DL packets with QoS Flows;

-
AS-level mapping rules in the UE and in the NG-RAN associate UL and DL QoS Flows with DRBs.

This principle was agreed in NR Rel-15 because they may have different security policy, which is per PDU session coming to gNB from the SMF [5]. Clearly, the same principle should be followed in L2 U2N relay.
Proposal 4: Following NR Rel-15 principle, gNB can’t configure to multiplex QoS flows of different PDU sessions target for remote UE into a single Uu DRB in L2 U2N relay
Then, we provide our analysis for above 2 cases:
Case 1 is straightforward as the PC5 RLC CHs are of same QoS, and, relay UE can provide same treatment for the flows on Uu RLC CH. However, Case 1 has the limitation that the gNB may have to configure the relay UE with multiple Uu RLC CHs with each Uu RLC CH serving a set of PC5 RLC CHs with same QoS needs. 

Case 2 can be a solution to avoid the Uu RLC CH limitation on the relay UE. The PC5 RLC CHs corresponding to the Uu bearers with different QoS needs may have different MAC RLC priorities configured on PC5 and achieve the QoS on PC5. However, it may be challenging to achieve the necessary QoS enforcement on Uu to support E2E QoS for these bearers. Someone may argue that NR Rel-15 allowed QoS flows with different 5QI can be mapped to the same Uu DRB. Then why it is an issue in L2 U2N relay? Please note that relay UE is not expected to have the full scheduling capabilities of a gNB due to limitation of implementation complexity and power consumption. Our understanding is that the UL/DL relaying data coming from these different PC5 RLC channels would be buffered in the adaptation layer with no differentiation. Then, due to limitation of implementation complexity, the relay UE may be only capable of taking the buffered data in FIFO (First-In-First-Out) way and sends the adaptation layer PDU to the Uu RLC/MAC/PHY. As the PC5 RLC CHs are mapped to a single Uu RLC CH, the corresponding Uu LCH priority is applied for any relaying data. This may result in the loss of QoS differentiation for the PC5 RLC CHs on the Uu link. 
With this concern, we think gNB needs to get more detailed traffic info on relay UE and its connected remote UE(s). Specifically, we think the below new requirement needs to be introduced for Uu QoS enforcement in L2 U2N relay:

· Separation between Relay UE’s own traffic, vs. Remote UE’s relayed traffic: Because relay UE’s own traffic and relayed traffic belong to different PDU sessions, we don’t think QoS flows of them can be multiplexed in a single Uu DRB. Thus, gNB should be aware of separate traffic volumes of them, especially in uplink QoS enforcement.   
To address this new requirement, we think the simplest way is to enhance BSR for gNB to be aware of separate traffic volumes of remote UE and relay UE. This will help the gNB determine the resources for Uu interface and PC5 interface to support E2E QoS for remote UE.
Proposal 5: Uu BSR needs enhancement to differentiate UL traffic between remote UE and relay UE
3 Conclusion
In this contribution, we discuss the E2E QoS management in L2 U2N relay. Our observations are:
Observation 1: For E2E QoS enforcement, remote UE’s 5QI alone is not sufficient for gNB to decide the PQI and the corresponding LCH priority for PC5 link because:

· Logical channel priority range is 1-16 for Uu interface and 1-8 for PC5 interface

· The standardized / non-standardized 5QI and PQI values and other QoS characteristics can’t be mapped
Observation 2: Even if split PC5 QoS is available in relay UE, it can’t perform PC5 QoS enforcement via QoS flow mapping to SL-DRB due to lack of PC5 SDAP/PDCP in protocol stack of L2 relay.
Based on observations, our proposals are:
Proposal 1: For gNB to handle QoS breakdown over Uu and PC5 for E2E QoS enforcement, AMF needs to send the mapping between E2E QoS and Uu QoS to RAN.  
Proposal 2: Send LS to SA2 to request to introduce the signaling   
Proposal 3: To enforce E2E QoS enforcement, gNB directly configures relay UE and remote UE the SL RLC bearers via RRC signaling (i.e., no need for relay UE to perform extra mapping to identify the PC5 QoS based on E2E QoS and Uu QoS)

Proposal 4: Following NR Rel-15 principle, gNB can’t configure to multiplex QoS flows of different PDU sessions target for remote UE into a single Uu DRB in L2 U2N relay

Proposal 5: Uu BSR needs enhancement to differentiate UL traffic between remote UE and relay UE
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