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1 Introduction
In R2#111-e, a number of agreements were made on L2 UE-to-NW and L2 UE-to-UE relays (provided in Appendix). Several user plane aspects related to the L2 architecture for UE-to-NW relays and UE-to-UE relays were discussed in the subsequent email discussion on relay remaining issues on L2 architecture [2]. 
In this contribution, we discuss the remaining aspects related to L2 archirecture for UE-to-NW relays and UE-to-UE relays. We also discuss the aspects related to E2E QoS enforcement and admission control in SL relays. Text proposals for QoS for UE-to-NW relays and UE-to-UE relays are provided in the appendix.   
2 Discussion
2.1 L2 Architecture for UE-to-NW relays

From the agreements reached in R2#111-e meeting and addressed in the email discussion [2] on L2 architecture for UE-to-Network relaying, the Uu adaptation layer at relay UE can support N:1 mapping and multiplexing from PC5 RLC channels originating from the same or different remote UEs to a Uu RLC channel. However, there was no discussion on the possibility for the relay UE to multiplex its own traffic to the Uu RLC channel. For the relay UE, having to maintain its own radio bearers in addition to the Uu RLC channel containing the multiplexed traffic from remote UEs is not efficient and may result in high maintaince overhead, especially when the Uu RLC channel can satisfy the QoS of traffic belonging to relay UE and remote UEs. For efficiency, the relay UE should support multiplexing of data from the radio bearers of different remote UEs and data from its own radio bearer onto the same Uu RLC channel. 
Proposal 1:  
In L2 UE-to-NW relays, the relay UE supports multiplexing of data from its own radio bearer onto the same Uu RLC channel which carries the data from radio bearers associated with remote UE(s)
Similarly,since a remote UE may be configured with multiple E2E radio bearers, supporting 1-to-1 mapping between the radio bearers to egress PC5 RLC channels at remote UE can be inefficient and overly restrictive if a single PC5 RLC channel can support the QoS associated with multiple radio bearers. In this case, since the additional overhead for a more flexible mapping is negligible (i.e. a bearer ID carried from the remote UE to the relay UE), it is beneficial to support N:1 mapping and multiplxing at the remote UE. The N:1 mapping from N radio bearers to an egress PC5 RLC channel can be performed by supporting a PC5 adaptation layer at the remote UE.

Proposal 2:  
In L2 UE-to-NW relays, the adaptation layer over the PC5 link is supported at the remote UE for performing N:1 mapping between different E2E radio bearers to one PC5 RLC channel
When performing N:1 mapping at the remote UE, the relay UE receives the traffic associated with N radio bearers of a remote UE in one PC5 RLC channel. Data from each of those bearers can be transmitted on different Uu RLC channels to achieve different QoS over the Uu interface. In this regard, the relay UE can be configured with multiple Uu RLC channels at the Uu adaptation layer, and for flexibility the relay UE can demultiplex the traffic received in the ingress PC5 RLC channel and map the traffic to different Uu RLC channels. 
For the relay UE to distinguish the received traffic in PC5 RLC channel among the different radio bearers of a remote UE, the radio bearer identity should be included at the PC5 adaptation layer at remote UE. The specific identifier of the radio bearer (e.g. radio bearer ID, LCID) that ensures low overhead over the PC5 link should be further studied by RAN2. 
Proposal 3:  
In L2 UE-to-NW relays, the adaptation layer header inserted by the remote UE  contains at least the information on the radio bearer ID. FFS on the specific radio bearer ID inserted (e.g. DRB ID, LCID)
For ensuring that the network is able to identify the traffic from the radio bearers of the same or different remote UEs, the Uu adaptation layer at relay UE should also identify the remote UE and the radio bearers associated with the remote UEs. In this case, the relay UE can insert in the Uu adaptation layer either the same radio bearer ID used by the remote UE in the PC5 adaptation layer or use a different identifier which has a 1-to-1 correspondence with the remote UE’s radio bearer ID. 
Proposal 4:  
In L2 UE-to-NW relays, the adaptation layer header inserted by the relay UE contains at least the information on the radio bearer ID, which is related to the radio bearer ID included by remote UE
2.2 L2 Architecture for UE-to-UE relays

As per the email discssussion [2] on L2 architecture for UE-to-UE relaying, the consensus among the companies is for the PC5 adaptation layer at relay UE (on 2nd hop) to support N:1 mapping from ingress PC5-RLC channels originating from same or different remote source UEs to an egress PC5-RLC channel. In this case, provided that the 2nd hop PC5 RLC channel to the destination UE is able to to satisfy the QoS of multiple SLRBs, the relay UE can multiplex the traffic received on the 1st hop PC5 RLC channel(s). Additionally, there is also consensus for the PC5 adaptation layer at the source UE to support  N:1 mapping between different E2E SLRBs to one PC5 RLC channel. While many aspects related to the L2 architecture for UE-to-UE relays have been clarified in the email discussion, there appears to be certain ambiguity on the identifiers that are included by the remote source UE and the relay UE at the PC5 adaptation layer. 
Since the source UE can support N:1 mapping from the E2E SLRB to a PC5 RLC channel, the E2E SLRB ID should be included in the adaptation layer header at the 1st hop PC5 adaptation layer. Additionally, since the relay UE can support N:1 mapping at 2nd hop PC5 adaptation layer, the relay UE also includes the radio bearer ID in the 2nd hop PC5 adaptation layer. This ensures that the destination UE is able to distinguish the received traffic associated with different SLRBs. 

In the email discussion [2], companies support the adaptation layer over the 1st hop PC5 RLC channel to identify the traffic destined to different remote destination UEs. In this case, similar to V2X, the source UE  can include the source ID/destination ID pair at the PC5 adaptation layer. This would also enable the relay UE to distinguish the traffic intended to different destination UEs and map the traffic to the corresponding 2nd hop PC5 RLC channels.
Proposal 5:  
In L2 UE-to-UE relays, the adaptation layer header inserted by the remote source UE contains at least the information on the SLRB ID, source UE ID and destination UE ID. FFS on the specific sidelink radio bearer ID, source UE ID and destination UE ID inserted by remote UE
Similar to the reasoning made for the UE-to-NW relays, when insering the IDs the relay UE can either insert the same SLRB ID, source UE ID and destination UE ID used by the source UE or use different identifiers that have 1-to-1 relationship with the identifiers used by the source UE.

Proposal 6:  
In L2 UE-to-UE relays, the adaptation layer header inserted by the relay UE contains at least the information on SLRB ID, source UE ID and destination UE ID, which are related to the IDs included by remote source UE
2.3 QoS for UE-to-NW relays

In L2 UE-to-NW relays, the E2E QoS for traffic relayed over the PC5 link and Uu link can be supported by mapping the QoS flows to appropriate radio bearers. For achieving E2E QoS, the translation (e.g QoS splitting) from E2E QoS to per-hop QoS can be performed by the network. Next, for ensuring per-hop QoS, appropriate configuration at the lower sublayers within the PC5 RLC channels and the Uu RLC channels along with the mapping between the PC5 RLC channels and Uu RLC channels can be configured by the network at remote UE and relay UE, respectively. Specifically, the remote UE can be configured with the configuration parameters (e.g. priority, PBR, BSD) at the lower sublayers of the PC5 RLC channels and a mapping rule to map an E2E radio bearer (between the end-to-end PDCP entities) to a PC5 RLC channel. Likewise, the relay UE can be configured with configuration parameters at the ingress PC5 RLC channel and egress Uu RLC channel and a mapping/multiplexing rule to map between PC5 RLC channels and Uu RLC channels.  
Proposal 7:  
For L2 UE-to-NW relays, E2E QoS requirements for different QoS flows should be supported via configuration of 1) E2E Uu radio bearers, and configuration parameters at lower sublayers within PC5 RLC channels and Uu RLC channels, and 2) mapping from E2E Uu radio bearer to lower sublayers of PC5 RLC channel at remote UE and 3) rules for mapping/multiplexing from PC5 RLC channels to Uu RLC channels at relay UE
A remote UE can establish a number of QoS flows with the network which are carried over PC5 RLC channels between the remote UE and relay UE. Whether QoS can be enforced and maintained for these flows will depend on the SL channel and load characteristics (e.g. SL-CSI, CBR). In this regard, the mechanism to enforce QoS for flows established between the remote UE and NW should therefore be studied. For example, the ability for the relay UE to preempt the delayed traffic received on a PC5 RLC channel, which may be experiencing high loading, onto a high priority Uu RLC channel is beneficial, and therefore can be considered for satisfying the E2E QoS (e.g. latency). At a minimum, an E2E radio bearer (and the corresponding QoS flow) should be released if the SL conditions do not allow the QoS for the corresponding flows to be met. 
Proposal 8:  
For L2 UE-to-NW relay, RAN2 to study the mechanisms that can be supported at relay/remote UE to ensure/enforce end-to-end QoS for QoS flows between the remote UE and NW

The ability to satisfy the QoS may also depend on the load at the relay UE. As an example, similar to NR IAB, a relay UE experiencing congestion on the Uu link may send flow control signaling over the PC5 link to a remote UE. Likewise, the relay UE may send flow control signaling over the Uu link to network when experiencing congestion on PC5 link. The mechanism for supporting flow/congestion control at the relay UE should be studied by RAN2. 
Proposal 9:  
In L2 UE-to-NW relays, RAN2 to study support for flow/congestion control, including feedback control signaling over the PC5 link and Uu link

A considerable part of QoS is the latency. The UE-to-NW relay solution needs to account for latency on Uu, latency on SL, and latency associated with relaying (e.g. latency due to buffering at relay UE). For example, in IAB, pre-emptive BSR was introduced to reduce latency associated with relaying. Similar mechanisms can be introduced for SL UE-to-NW relaying, considering the different possible scheduling modes (i.e. mode 1, mode 2) at the remote UE and relay UE. Specifically, for Mode 1 and Mode 2 operation, the triggering of pre-emptive BSR or pre-emptive resource (re)selection may be considered in the study for reducing latency related to SL resource scheduling. Following such study, RAN2 can decide whether/which methods to specify as part of the WI phase.
Proposal 10:  
In L2 UE-to-NW relays, RAN2 to study enhancements to minimize relaying latency considering the different SL scheduling modes (i.e. Mode 1 and Mode 2) at the relay/remote UE
2.4 QoS for UE-to-UE relays

For achieving E2E QoS in L2 UE-to-UE relays, the SLRB concept can be extended over the relayed link. Since the SDAP/PDCP sublayers are end-to-end while the lower sublayers are present on each link, the E2E SLRB consists of its E2E SDAP/PDCP entities along with two PC5 RLC channels (one at the source UE and another at the relay UE). The translation from E2E QoS to per-hop QoS (i.e. QoS splitting) can be performed by the remote/relay UE based on higher layer procedure and preconfiguration. Specifically, configuring of the lower sublayers within the PC5 RLC channels can be performed by relay/remote UEs based on the per-hop QoS and (pre)configured L2 parameters. The relay UE should also be configured with rules for mapping and multiplxing from first hop PC5 RLC channel to second hop PC5 RLC channel for ensuring E2E QoS. Also, the configuration of lower sublayers of PC5 RLC channels within each E2E SLRB should also be consistent on each hop. For example, if HARQ feedback is enabled on the first hop from source UE to relay UE, it should also be enabled on the second hop from relay UE to target UE. 
Proposal 11:  
For L2 UE-to-UE relays, E2E QoS requirements for different QoS flows should be supported via configuration of 1) E2E sidelink radio bearers, and configuration parameters at lower sublayers within PC5 RLC channels in different hops, and 2) mapping from E2E SLRB to lower sublayers of PC5 RLC channel at remote UE, and 3) rules for mapping/multiplexing between PC5-RLC channels in different hops
Since the relay UE may be involved in relaying the traffic from multiple source UEs along with its own traffic to different destination UEs, whether the E2E QoS can be satisfied depends on the SL channel and load characteristcis (e.g. SL-CSI, CBR) in both hops and the loading at the relay UE. In this case, for example, a relay UE experiencing congestion when transmitting on the 2nd hop may send flow control signaling over the 1st hop to a source UE to either suspend the data transnmission or reduce the data transmission rate. Such mechanism for supporting flow/congestion control at the relay UE should be studied by RAN2.

Proposal 12:  
In L2 UE-to-UE relays, RAN2 to study support for flow/congestion control, including feedback control signaling over the PC5 links in different hops

Since L2 architecture assumes a hop-by-hop MAC, the MAC layer procedures can operate independently on each hop. However, ensuring QoS (e.g. latency) in the relayed link may further depend on factors at the relay UE. Specifically, the relay may introduce additional latency due to scheduling/buffering. As the number of hops increase, it may be more challenging to meet the latency requirement by depending on the scheduling procedure performed independently at each hop. It may be beneficial if some interaction is allowed across different hops when performing scheduling. Examples of such interaction may include alignment of configured grants across the two hops (in mode 1) or the use of new resource reselection triggers at the relay UE for aligning resource selection between relay and source UE (in mode 2). 
Proposal 13:  
In L2 UE-to-UE relays, RAN2 studies Mode 1 and Mode 2 SL scheduling enhancements for reduction of relaying latency at the source UE and relay UE

2.5 Admission control for SL Relays
In NR V2X, a UE creates a SLRB regardless of SL scenario (e.g. CBR). This can result in even higher congestion in the SL channels and potentiually degrade the QoS performance for existing and new QoS flows. In UE-to-NW relays, the problem is of greater concern because flows for which QoS cannot be met (e.g. due to SL characteristsics) result in unnecessary wastage of NW resources. 
In the email discussion [2], most companies are in agreement for supporting a set of access control check principles for the L2 UE-to-NW relays including, i) Relay UE to provide UAC parameters to Remote UE, ii)  Access control check is performed at Remote UE using the parameters of the cell it intends to access and iii) the relay UE does not perform access control check for the remote UE's data.
Traditionally, the UAC parameters are defined by the NW given the awareness of the Uu resource occupancy characteristics (as determined by the NW). However, for relays, the properties of the PC5-link, and the status of the relay UE should also be considered. For supporting admission control in UE-to-NW relays and UE-to-UE relays, certain rules may be configured in the remote UE for enabling the comparison of the characteristics of the incoming QoS flows with respect to existing QoS along with other information when making the admission control decision. For example, the decision for admitting the incoming QoS flows could be made by the remote UE based on QoS characteristics (e.g. 5QI/PQI, PDB), SL channel conditions, load/congestion over PC5 link (e.g. CBR, CR) and loading at relay UE (e.g. buffer level).
Proposal 14:  
For admission control, the remote UE should take into account the following aspects when performing access check: QoS characteristics (e.g. 5QI/PQI), SL channel conditions, loading over PC5 link (e.g. CBR, CR) and loading at relay UE (e.g. buffer level)

3 Conclusion
In this contribution, the following conclusions were made on L2-based architecture and QoS
Proposal 1:  
In L2 UE-to-NW relays, the relay UE supports multiplexing of data from its own radio bearer onto the same Uu RLC channel which carries the data from radio bearers associated with remote UE(s)
Proposal 2:  
In L2 UE-to-NW relays, the adaptation layer over the PC5 link is supported at the remote UE for performing N:1 mapping between different E2E radio bearers to one PC5 RLC channel 
Proposal 3:  
In L2 UE-to-NW relays, the adaptation layer header inserted by the remote UE  contains at least the information on the radio bearer ID. FFS on the specific radio bearer ID inserted (e.g. DRB ID, LCID)
Proposal 4:  
In L2 UE-to-NW relays, the adaptation layer header inserted by the relay UE contains at least the information on the radio bearer ID, which is related to the radio bearer ID included by remote UE
Proposal 5:  
In L2 UE-to-UE relays, the adaptation layer header inserted by the remote source UE contains at least the information on the SLRB ID, source UE ID and destination UE ID. FFS on the specific sidelink radio bearer ID, source UE ID and destination UE ID inserted by remote UE
Proposal 6:  
In L2 UE-to-UE relays, the adaptation layer header inserted by the relay UE contains at least the information on SLRB ID, source UE ID and destination UE ID, which are related to the IDs included by remote source UE
Proposal 7:  
For L2 UE-to-NW relays, E2E QoS requirements for different QoS flows should be supported via configuration of 1) E2E Uu radio bearers, and configuration parameters at lower sublayers within PC5 RLC channels and Uu RLC channels, and 2) mapping from E2E Uu radio bearer to lower sublayers of PC5 RLC channel at remote UE and 3) rules for mapping/multiplexing from PC5 RLC channels to Uu RLC channels at relay UE
Proposal 8:  
For L2 UE-to-NW relay, RAN2 to study the mechanisms that can be supported at relay/remote UE to ensure/enforce end-to-end QoS for QoS flows between the remote UE and NW
Proposal 9:  
In L2 UE-to-NW relays, RAN2 to study support for flow/congestion control, including feedback control signaling over the PC5 link and Uu link
Proposal 10:  
In L2 UE-to-NW relays, RAN2 to study enhancements to minimize relaying latency considering the different SL scheduling modes (i.e. Mode 1 and Mode 2) at the relay/remote UE
Proposal 11:  
For L2 UE-to-UE relays, E2E QoS requirements for different QoS flows should be supported via configuration of 1) E2E sidelink radio bearers, and configuration parameters at lower sublayers within PC5 RLC channels in different hops, and 2) mapping from E2E SLRB to lower sublayers of PC5 RLC channel at remote UE, and 3) rules for mapping/multiplexing between PC5-RLC channels in different hops
Proposal 12:  
In L2 UE-to-UE relays, RAN2 to study support for flow/congestion control, including feedback control signaling over the PC5 links in different hops
Proposal 13:  
In L2 UE-to-UE relays, RAN2 studies Mode 1 and Mode 2 SL scheduling enhancements for reduction of relaying latency at the source UE and relay UE
Proposal 14:  
For admission control, the remote UE should take into account the following aspects when performing access check: QoS characteristics (e.g. 5QI/PQI), SL channel conditions, loading over PC5 link (e.g. CBR, CR) and loading at relay UE (e.g. buffer level)
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5 Appendix – TP to TR 38.836
5.1 TP for QoS for L2 UE-to-NW Relay
End-to-end QoS for QoS flows established between the Remote UE and the network is supported over the relayed path. The E2E QoS requirements is supported with the configuration of E2E Uu radio bearers, and configuration parameters at lower sublayers within PC5 RLC channels and Uu RLC channels. The Remote UE can be configured with the mapping from E2E Uu radio bearer to lower sublayers of PC5 RLC channel. The Relay UE can be configured with rules for mapping/multiplexing from PC5 RLC channels to Uu RLC channels. 
The Relay UE supports flow/congestion control, including feedback control signaling over the PC5 link and Uu link. The Remote UE supports mechanisms for the maintenance of an end-to-end QoS flow over PC5 based on measurements of the sidelink. If the measurements of the sidelink do not allow QoS for a flow to be met, the corresponding end-to-end bearer can be released.  

UL and/or SL scheduling enhancements for reduction of latency at the UE-to-NW Relay UE are studied.

5.2 TP for QoS for UE-to-UE L2 Relay

The Rel16 SLRB is extended to support an end-to-end SLRB that can carry a SL QoS flow. The end-to-end SLRB consists of lower sublayers within two PC5 RLC channels (one at each hop) in the relayed link. The E2E QoS requirements for different QoS flows are supported via configuration of E2E SLRBs and configuration parameters at lower sublayers within PC5 RLC channels in different hops. The remote UE can be configured with mapping from E2E SLRB to lower sublayers of PC5 RLC channel. The Relay UE can be configured with rules for mapping/multiplexing between PC5-RLC channels in different hops. When configuring the end-to-end SLRB, the L2 parameters at lower sublayers within PC5 RLC channels are configured in a consistent manner.
The relay UE supports flow/congestion control, including feedback control signaling over the PC5 links in different hops.

For reducing latency at the UE-to-UE relay, scheduling enhancements when supporting Mode 1 or Mode 2 operation at the UE-to-UE relay can be considered in the study.
6 Appendix – Agreements from R2#111-e
In R2#111-e, the following agreements were made on L2 UE-to-NW and L2 UE-to-UE relays [1]:

Proposed Easy Agreements: 

Proposal-1: agree the following description for L2 UE-to-NW relay (also reflected by TP)

(  For L2 UE-to-NW relay, the adaptation layer is put over RLC sublayer for both CP and UP between Relay UE and gNB.

(  Uu SDAP/PDCP and RRC are terminated between Remote UE and gNB, while RLC, MAC and PHY are terminated in each link. 

(  Remote UE needs to establish its own PDU sessions/DRBs with the network before user plane data transmission.

Proposal-3: agree the following description for L2 UE-to-UE relay (also reflected by TP)

(  An adaptation layer is supported over PC5 link (between Relay UE and receiving Remote UE) for L2 UE-to-UE relay.

(  For L2 UE-to-UE relay, the adaptation layer is put over RLC sublayer for both CP and UP between Relay UE and receiving Remote UE for L2 UE-to-UE relay.

(  Sidelink SDAP/PDCP and RRC are terminated between two Remote UEs, while RLC, MAC and PHY are terminated in each PC5 link.

Proposal-6: Working assumption: Agree to put the needed information within the header of adaptation layer to enable Bearer mapping for L2 UE-to-Network relay and the details can be discussed at WI phase.  FFS if N-to-1 (PC5-to-Uu) bearer mapping is supported for this case.

Proposal-7: Working assumption: Agree to put the needed information within the header of adaptation layer (for the receiving remote UE in UE-to-UE) to enable Bearer mapping for L2 UE-to-UE relay and the details can be discussed at WI phase.  FFS on the details to support the N-to-1 mapping between the ingress RLC channels from multiple transmitting remote UEs to egress RLC channels (going to the same receiving Remote UE) at Relay UE. 

Proposal-8: Agree that “PC5-RRC aspects of Rel-16 NR V2X PC5 unicast link establishment procedures can be reused to setup a secure unicast link between Remote UE and Relay UE for L2 relaying (before Remote UE establishes a Uu RRC CONNECTION with the network via Relay UE)”

Proposal-9: Agree the following bullets for IC/OOC Remote UE connection establishment with gNB for L2 UE-to-NW Relay (reflected within TP also):

(  Use “first RRC message for connection establishment from Remote UE with gNB” to replace “Remote UE SRB0” to resolve the terminology issue.

(  The PC5 L2 configuration for transmitting “first RRC message for connection establishment from Remote UE with gNB” at Remote UE can be based on the PC5 RLC/MAC configuration defined in specs.  FFS if this is a default configuration that can be overridden.

(  The description above applies to both OOC and IC Remote UEs.

Proposal-10: Agree the following for Remote UE connection establishment with gNB for L2 UE-to-NW Relay (reflected within TP also):

The establishment of Uu SRB(1/2) and DRB of the Remote UE is subject to legacy configuration procedures for L2 UE-to-NW Relay.

Proposal-12: Agree to capture the following for the paging aspect for L2 UE-to-NW Relay into TR (reflected within TP also):

The Option 2 as studied in TR36.746 for FeD2D paging is selected as the baseline paging relaying solution for L2 based UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE's PO in addition to its own PO.)

· The foregoing proposals are agreed.


1/4


