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Introduction  
The study item on Sidelink Relay [1] has been agreed in NR to support UE-to-Network coverage extension and UE-to-UE coverage extension with the objectives as shown below:
	1.	Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable) for layer-3 relay and layer-2 relay [RAN2];
A.	Relay (re-)selection criterion and procedure;
B.	Relay/Remote UE authorization;
C.	QoS for relaying functionality;
D.	Service continuity;
E.	Security of relayed connection after SA3 has provided its conclusions;
F.	Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
2.	Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];

NOTE 1: The study shall take into account of further input from SA WGs, e.g., SA2 and SA3, for the bullets above (if applicable).
NOTE 2: It is assumed that UE-to-network relay and UE-to-UE relay use the same relaying solution.
NOTE 3: Forward compatibility for multi-hop relay support in a future release needs to be taken into account.
NOTE 4: For layer-2 UE-to-network relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point.



 
Since we have only couple of meetings to decide between L2 vs. L3 relay as the option for NR Sidelink Relay, in this contribution, we have provided a comprehensive technical analysis of both solutions in terms of the relaying characteristics aspects and the corresponding RAN2 impacts of each aspect. The assumptions, requirements and scenarios to be considered are explained in detail in our companion paper [4] while the discussion on SL discovery procedure is covered in [6].
 
Discussion
In this section, we will discuss the different key aspects/characteristics in detail as applicable to layer-3 and layer-2 relay. We will analyse the mechanisms that were standardized as part of layer-3 relay during LTE release-13 as well as the FeD2D study item discussions that resulted in [2]. 
1.1 Relay (re-)selection criterion
Relay (re-)selection criterion refers to any AS-level parameters that could aid the remote UE in selecting the best sidelink relay. For example, it could refer to the link quality conditions based on which the remote UE selects or reselects a relay for sending/receiving data traffic. In FeD2D, the evolved Remote UE was considered to be in a ‘linked’ state with the evolved Relay UE. Therefore, there were no candidate relay UEs to select from and the main path switching scenario was between the remote UE’s own Uu (direct) link and PC5 (relay) link. However, in release-13 based layer-3 sidelink relaying, the remote UE (re)selected to a relay from among a candidate set of relays when the PC5 signal strength with the current relay was below a configured threshold and/or when it received an upper layer release message from the relay. It would have been beneficial to include the Uu link quality of the relay UE as well (for example as part of discovery) to determine the overall/end-to-end link quality, however, it was not considered. 
Observation 2.1.1: FeD2D based study item considered the evolved Remote UE to be in a ‘linked’ state with a given evolved Relay UE as with e.g. a smart watch/wearable to the phone and did not consider relay (re-) selection. 
Observation 2.1.2: Release-13 based layer-3 sidelink relay was (re-)selected by remote UE among candidate relay UEs that satisfied higher layer criteria with best PC5 radio link quality. 
If a remote UE has the ability to choose from multiple relays in its vicinity, it would be useful to provide all the essential parameters for the remote UE to make an informed decision. While the application/service level requirements can be determined before/duing the discovery procedure by the upper layers, AS layer might need to provide at least the PC5 link quality and Uu link quality information. Even though a relay UE has to meet the criterion of having Uu link quality above a certain threshold in order to act as a relay, if there are multiple UEs satisfying this criterion, the remote UE might then have to choose a relay with the best overall link quality. For the case of UE-to-UE relaying, the relay UE may advertise the PC5 link quality it has measured over the link with the end UE during  the discovery procedure. On the other hand, this link quality information may also be available through PC5-RRC messages between the remote UE and candidate sidelink relay UEs. However, this might result in a lot of unnecessary signalling overhead for PC5-based connection establishment procedures and additional specification impact. 
In summary, the RAN2 impacts due to relay (re-)selection may primarily include: 
NW configuration of Thresholds: To support UE-to-NW relaying and UE-to-UE relaying, the link quality thresholds (i.e. Uu link quality that the relay UE needs to meet before acting as UE-to-NW relay, PC5 link quality that the relay UE needs to meet towards the end UE for which it can perform UE-to-UE relaying) and also the PC5 link quality threshold that the remote UE should meet before switching to relay link (if in-coverage and it is using Uu link) have to be either broadcast as depicted in figure 2.1.1 or provided through dedicated signalling or pre-configured for both L2 and L3-based options.


Figure 2.1.1 Network broadcasting thresholds for relaying support (applicable to both L2 and L3 relaying)
UE-to-NW relaying: To support this type, the relay UE can provide the current (appropriately filtered) Uu link quality measurement to its upper layer to be potentially used within the discovery procedure. There is not much RAN2 specification impact to support this aspect (except stage-2 requirement that may be added).  
UE-to-UE relaying: To support this type, the relay UE can provide the PC5 link quality between itself and the end UE to its upper layer to be potentially used within the discovery procedure. There is not much RAN2 specification impact to support this aspect (except stage-2 requirement that may be added).
The details of UE interaction with upper layers to make these additional link quality information available from AS layer can be left to UE implementation.
Observation 2.1.3: Relay (re) selection criterion for both UE-to-NW relaying and UE-to-UE relaying irrespective of Layer-2 or Layer-3 relay type to include: best PC5 radio link quality among candidate sidelink relay UEs meeting higher layer criteria.  
Furthermore, in order to support both in-coverage and out-of-coverage scenarios in a similar fashion, as well as to enable faster switching/connection establishment while using relays, we believe that the remote UE can trigger relay (re-)selection as well as switching between direct (Uu-based) and indirect (UE-to-NW relay-based) links, however, it will be based on network control using broadcast thresholds as discussed above.
Observation 2.1.4: Remote UE can trigger relay (re-) selection using the network configuration of thresholds for both UE-to-NW relaying and UE-to-UE relaying irrespective of Layer-2 or Layer-3 relay type when: PC5 radio link quality with current relay UE is below configured threshold.
Unlike previous work wherein service continuity was not considered in detail, in order to ensure the remote UE does not lose data connectivity to the network (in the case of UE-to-NW relaying) or towards the end UE (in the case of UE-to-UE relaying) it may be beneficial to allow the relay UE to inform the remote UE of its impending handover or  its inability to handle necessary QoS using unicast link communication. In this way, the remote UE may be adequately prepared to choose another relay UE or switch to Uu link. 
Observation 2.1.5: Remote UE may also be allowed to trigger relay (re-)selection (to enable service continuity) if informed by its current relay UE that the latter is unable to ensure service continuity [e.g. QoS requirement not being able to be met by relay UE, impending handover]. Further details can be discussed during WI phase.
Proposal 2.1.1: RAN2 to discuss the observations and agree that the solution for relay (re-)selection criterion aspect could be common to both L2 and L3-based sidelink relaying.
1.2 Relay/Remote UE authorization
We think that the authorization aspect refers to the authorization and provisioning performed during registration process by relay UE and remote UE individually. The Relay UE needs to be authorized to act as a relay and the remote UE needs to be provisioned to perform discovery of relay UEs for both UE-to-NW relay and UE-to-UE relay cases. During the FeD2D study, Relay UE authorization was agreed to be provided as part of context transfer from the MME to the eNB. The same was discussed for remote UE, however, it was left FFS. 

Observation 2.2.1: Relay UE/Remote UE authorization information may be transferred to the gNB from the AMF as part of context transfer. RAN3 input is needed for this aspect.

As discussed in section 6.19.1.1 of [5], the authorized information that the relay UE can share as part of discovery message may include: a) service and application information b) slicing information (i.e. allowed NSSAI). As per solution 6.16, PLMNs in which the relay UE is authorized to relay is also considered.
At the same time, as discussed in solution 6.30 in [TR 23.752], the UE-to-NW Relay UE may check the authorization of the remote UE by sending NAS message to the CN along with remote UE information to obtain information from PCF/AMF regarding whether the remote UE is allowed to access 5GC via the relay UE. 
	
Considering these aspects, there is no RAN2 impact foreseen with respect to the authorization aspect. There may be RAN3 impacts that SA2 might initiate and it can be done during the WI phase. 

Proposal 2.2.1: RAN2 to agree that there is no RAN2 impact for support of Relay UE/Remote UE authorization irrespective of whether relaying is done using L2 or L3. It can be left to upper layer interaction with core network and discuss during WI phase after SA2 has made further progress on the solutions. 

1.3 QoS support
For both UE-to-NW relaying and UE-to-UE relaying, it is possible that when the application layer provides the QoS requirements to the lower layers, it corresponds to end-to-end QoS parameters (at least between remote UE and UPF for UE-to-NW relaying and between the source UE and the end UE in the case of UE-to-UE relaying). In the following sections we discuss how the end-to-end QoS may be supported in each scenario.
1.3.1  UE-to-NW relaying
Figure below shows the end-to-end QoS support for UE-to-NW relaying wherein the overall QoS corresponds to that being met in combination across the PC5 and Uu links. As mentioned in [5], the QoS requirements on the PC5 link are controlled with PC5 QoS rules and PC5 QoS parameters (PQI, GFBR, MFBR, PC5 LINK-AMBR, Range, etc) as specified in clause 5.4 of TS 23.287. The QoS requirements on the Uu link are controlled via with 5G QoS rules and 5G QoS parameters (5QI, GFBR, MFBR, etc) as specified in clause 5.7 of TS 23.501.


Figure 2.3.1. QoS support for UE-to-NW relay [5]

It is further observed that for L3-based relaying (based on solutions 6.24, and 6.25 from [5]), since the relayed data would go over relay UE’s PDU session, the relay UE itself would need to perform the appropriate mapping of PQI to 5QI by communicating with the SMF and also perform UE requested PDU session modification accordingly. 

Observation 2.3.1: For UE-to-NW L3-based relaying, the relay UE is responsible for ensuring that the Uu QoS matches the PC5 QoS to provide end-to-end QoS guarantee.

While the other QoS parameters within the QoS profile such as GFBR, MFBR may directly apply to Uu link, in order to support a given end-to-end PDB (as part of the end-to-end QoS profile), directly mapping the current standardized PQI to 5QI may not be sufficient and we need to wait for SA2 inputs:
a) to understand whether the QoS profile at the remote UE for uplink will provide sufficient information to map the end-to-end QoS onto the two hops with corresponding PQI and 5QI. 
b) to understand whether the PDB will be provided as end-to-end parameter or split using upper layer signalling and individual values are provided as part of the QoS profile. 

As for RAN2 impact with L3-based relaying, if the E2E QoS parameters are appropriately split using upper layer signalling, then the primary impact may be that the remote UE needs to ensure to specify over PC5 unicast link which PC5 QoS flows need to be relayed towards the network in case it also has unicast data to be sent terminating at relay UE itself and relay UE to map the remote UE data onto Uu DRBs. 

For L2-based relaying, the relayed data would go over remote UE’s own PDU session, the remote UE can inform the network either the end-to-end QoS parameters or the split QoS parameters as available from the upper layers (in case, the relay UE provides the split QoS parameters based on upper layer signalling. An example modelling of splitting E2E QoS is shown in figure 2.3.2. The network provides configuration information for both sidelink bearers and Uu bearers taking into consideration the provided QoS information.

Observation 2.3.2: For L2-based relaying,  the network can support the QoS mapping (PC5 to Uu) and configuration for remote UE and relay UE using either end-to-end QoS parameters or individual link QoS parameters. 

As for RAN2 impact with L2-based relaying, the remote UE has to provide information on QoS flows that need to be relayed and also the remote/relay UE needs to involve the network to get appropriate QoS mapping information. If necessary, the remote UE performs control plane signalling relaying through the relay UE to send NAS messages towards the network (e.g. PDU session modification). 

Proposal 2.3.1: RAN2 to wait for SA2’s decision related to QoS support for relaying (applicable to both L2 and L3 relay types) as in: 
a) definition and splitting of end-to-end QoS profile onto individual link PFI/PQI and QFI/5QI for UE-to-NW case 
b) definition and splitting of end-to-end QoS profile onto two sets of PFIs/PQIs for the individual PC5 links for UE-to-UE case 
c) whether the splitting will be handled using PC5-S upper layer signalling (for both UE-to-NW and UE-to-UE relaying types) and transparent to AS layer.

Proposal 2.3.2: RAN2 to discuss the following potential impacts of L3-based UE-to-NW relaying:
a) remote UE providing information on which QoS flows need to be relayed 
b) relay UE mapping the incoming remote UE data onto its Uu DRBs

Proposal 2.3.3: RAN2 to discuss the following potential impacts of L2-based UE-to-NW relaying: 
a) remote UE providing information on which QoS flows need to be relayed 
b) relay UE mapping the incoming remote UE onto its Uu DRBs 
c) network control and configuration of QoS parameters/mapping pending SA2 decision.
Proposal 2.3.4: From RAN2 point of view, for support of QoS, agree that the possibility of network control for configuration of bearers on both sidelink and Uu to provide end-to-end QoS guarantee would be the key difference between L2 vs. L3-based UE-to-NW relay.


Figure 2.3.2. Splitting end-to-end QoS parameters with network support by remote UE or via relay UE] (L2-based relaying)
1.3.2 UE-to-UE relaying
Figure 2.3.3 shows the end-to-end QoS support for UE-to-UE relaying wherein the overall QoS corresponds to that being met in combination across the two PC5 links. As mentioned in [5], the QoS requirements on the PC5 link are controlled with PC5 QoS rules and PC5 QoS parameters (PQI, GFBR, MFBR, PC5 LINK-AMBR, Range, etc) as specified in clause 5.4 of TS 23.287. 




Figure 2.3.3. QoS support for UE-to-UE relay [5]

Unlike UE-to-NW relaying, the QoS support for UE-to-UE relaying is easier as the mapping to Uu based QoS from PC5 based QoS is not necessary. 
As discussed in solution 6.31 in [5], the L3-based relay UE may obtain the end-to-end QoS parameters from the remote UE using upper layer signalling and then split these parameters to derive the PC5 QoS profile of both the PC5 links and forward to the nodes (remote UE and end UE) appropriately. Once this is done at upper layer, then the remote UE can establish PC5 unicast link with relay UE and suggest to the relay to forward the data towards the end UE. The relay UE can then establish 1:1 PC5 unicast link with the end UE. 
Observation 2.3.3: For UE-to-UE L3-based relaying, the following functions apply to support QoS: 
a) using upper layer signalling, the remote UE may share the end-to-end QoS parameters with the relay UE
b) the relay UE may be responsible for splitting the end-to-end QoS parameters into source side PC5 QoS and target side PC5 QoS parameters to provide end-to-end QoS guarantee
c) the relay UE performs link modification (upper layer signalling) to share the QoS parameters to be used over the respective PC5 links with the remote UE and end UE. 
On the other hand, with L2-based relaying, the solution discussed above may still apply and in addition the remote UE may utilize the end-to-end QoS parameters and derive the PQI for both the PC5 links by itself and share them with the relay UE using PC5-RRC signalling or along with the above functions, the relay UE may involve the network to obtain configuration. 
Observation 2.3.4: For UE-to-UE L2-based relaying, the following functions apply to support QoS: 
a) the remote UE may be responsible for splitting the end-to-end QoS parameters into source side   PC5 QoS and target side PC5 QoS parameters to provide end-to-end QoS guarantee 
b) either remote UE or relay UE to involve network for network control of configuration
c) remote UE shares the QoS parameters/configuration to be used over the respective PC5 links using AS layer signalling.

At the same time, we need to discuss if and how the end-to-end QoS parameters specific to relaying would be defined so that it can be transferred from the remote UE to the relay UE to perform the splitting in the L3-based solution and transmission to the network if necessary, in the L2-based solution. We also need to understand if these can be transferred only using upper layer signalling before or after establishing PC5-RRC based unicast communication. 

Proposal 2.3.5: RAN2 to discuss the following potential impacts of L3-based UE-to-UE relaying:
	 a) remote UE providing information on which QoS flows need to be relayed 
 b) FFS if E2E QoS splitting to be done at AS layer and remote or relay UE 
 c) remote/relay UE sharing bearer configuration and mapping flows onto the SL DRBs.

Proposal 2.3.6: RAN2 to discuss the following potential impacts of L2-based UE-to-UE relaying: 
a) remote UE providing information on which QoS flows need to be relayed 
b) FFS if E2E QoS splitting to be done at AS layer and by remote or relay UE 
c) network control if necessary
d) remote/relay UE sharing bearer configuration and mapping flows onto the SL DRBs.
Proposal 2.3.7: From RAN2 point of view, for support of QoS, agree that the possibility of network control for configuration of bearers on both sidelinks to provide end-to-end QoS guarantee would be the key difference between L2 vs. L3-based UE-to-UE relay.

1.4 Service continuity
Service continuity was hitherto not discussed in detail during previous FeD2D studies in RAN2. Path switching specifically between Uu and relay links and group handover were considered during FeD2D SI. The scenarios to support service continuity for UE-to-NW relaying include switching between: a) Uu and relay links b) two relay links with the option of each of the UEs being under the coverage of same or different gNBs. Although the exact requirement for service continuity is not well-defined, we understand that at least the path switching delay has to be below the necessary PDB corresponding to the QoS profile to be supported for the ongoing traffic at the remote UE. For some of the advanced V2X use cases, the PDB target is very stringent (e.g. 3ms) and it is difficult for these use cases to be reliably supported over relayed links. The detailed scenarios for service continuity are explained in detail in our companion paper [4].


1.4.1 UE-to-NW relaying and intra- vs. inter-gNB switching
It is generally understood that service continuity can be better supported over L2 relay than over L3 relay due to no PDU session switching handling from one node to another or IP address change. L2 relaying is extremely seamless especially if the remote UE and the relay UE are both served by the same gNB. If the remote UE is under a different serving gNB than the L2 relay UE, then the remote UE might have to perform handover to the new gNB and might need to modify/establish a new PDU session either directly (if it is still in-coverage) or through the relay UE. This has to be done before data can flow through the new link. For the case of L3 relaying, it is not necessary for the remote UE to perform this handover as the relay UE’s PDU session is used for the relaying link. The figures in annex showcase path switching scenarios for L2-based UE-to-NW relaying when the remote UE and relay UE are under same as well as different gNB coverage. The following observations are made based on these signalling flows.
Observation 2.4.1. L2-based UE-to-NW relaying offers best service continuity with minimal RAN2 impact when the remote UE and relay UE are served by the same gNB. 
Observation 2.4.2: For L2-based UE-to-NW relaying scenario wherein the remote UE and relay UE are served by different gNBs the remote UE might have to perform handover to the relay UE’s gNB before performing switching from one link to another. Some enhancements to handover procedure may be needed (e.g. No admission control for remote UE, no allocation of resources when using relay).  
Proposal 2.4.1: For L2-based UE-to-NW relaying when remote UE and relay UE are under the same gNB coverage, RAN2 impacts for path switching at least include: remapping of QoS flows and corresponding reconfiguration of DRBs. 
Proposal 2.4.2: For L2-based UE-to-NW relaying when remote UE and relay UE are under different gNB coverage, potential RAN2 impacts for path switching at least include: trigger for handover, handover, remapping of QoS flows and corresponding reconfiguration of DRBs.
Proposal 2.4.3: For L3-based UE-to-NW relaying, path switching involves changing IP path and there is no RAN2 impact. Some minimal impact to reduce switching delay if both the relay link and Uu link are kept simultaneously until a trigger (e.g. reconfiguration) to perform switching. 
1.4.2 UE-to-UE relaying
The scenario to support service continuity for UE-to-UE relaying includes switching between two relay links with the option of each UE being under the coverage of same or different gNBs. Although the exact requirement for service continuity is not well-defined, we understand that at least the path switching delay has to be below the necessary PDB corresponding to the QoS profile to be supported for the ongoing traffic at the remote UE and we can wait for further clarifications from SA2 in this regard. 
As the L2-based relaying involves relaying below PDCP, the relay UE may be able to differentiate signalling and data separately and forward to the end UE accordingly. In this way, end-to-end PC5-S unicast communication link may be established between the remote UE and end UE. 
Path switching between two relays for the remote UE can be optimized by ensuring that the remote UE periodically measures the PC5 link quality of the relay UE and initiates  relay (re)selection while still performing data transmission using the old relay until the path towards the new relay is fully established. Since multiple PC5 unicast links can be enabled simultaneously, it is possible to achieve some degree of service continuity when using UE-to-UE relaying.
Observation 2.4.3: Service continuity for L2-based UE-to-UE relaying with minimal switching delay can be achieved if remote UE performs discovery and relay (re-)selection towards new Relay UE before losing connection through the old Relay UE and performs any necessary duplicate detection. 
For L3-based relay UE, although discovery and unicast communication can be established with new Relay UE while data is still being relayed via the old relay UE, since the data is relayed over the IP, any duplicate detection has to be performed at higher layers. Also, the newly selected relay UE has to establish another PC5 unicast link with the end UE to forward the incoming packets from remote UE in a hop-by-hop manner. For both relay types, a trigger may be defined at the remote UE about when to switch the traffic from one link to another to minimize switching delay. It can be further studied during WI phase about how the trigger is provided to upper layer.
Observation 2.4.4: Service continuity for L3-based UE-to-UE relaying with reduced switching delay can be considered if remote UE performs discovery and relay (re-)selection towards new Relay UE before losing connection through the old Relay UE, then data loss may be minimized. 
Proposal 2.4.4: For L3-based UE-to-UE relaying, there is minimal RAN2 impact to support path switching including trigger to perform relay (re-)selection and potential trigger to switch traffic as switching is done at higher layer. 
Proposal 2.4.5: For L2-based UE-to-UE relaying, RAN2 impact to support path switching at least include: trigger to perform relay (re-)selection, trigger to switch traffic, and protocol layer procedures (e.g. to maintain configuration).
1.5 Security of relayed connection
The security of relayed connection is indicated in the SID [1] to be considered after SA3 provides their conclusions. At a high level, during FeD2D SI, since only L2-based relaying was considered, it was feasible to be supported in an end-to-end fashion using PDCP. For NR Sidelink UE-to-NW relay, it can be supported in the same manner (end-to-end using PDCP) when using L2-based relaying as also shown in the protocol stack figure 2.6.1. The remote UE’s PDCP is still maintained at the NW and the remote UE thereby, it is possible to achieve the end-to-end security, with details pending SA3 inputs. 
Observation 2.5.1:  For L2-based UE-to-NW relaying, end-to-end security can be supported using PDCP.  
For the case of L3-based relaying, end-to-end security is not feasible at lower layers and we can only have hop-by-hop security. To support end-to-end security, solution 6.23 in TR 23.752 using IPSec via N3IWF (which is used for non-3GPP access) has been proposed. It can be considered keeping in mind that this solution will only support IP-based data and cannot handle non-IP data traffic. 
Observation 2.5.2:  As per TR 23.752, a solution based on N3IWF which is used to support non-3GPP access to 5GC, is proposed for end-to-end security for L3-based UE-to-NW relaying scenario. This solution uses IPSec and hence cannot support non-IP data traffic. 
For NR Sidelink UE-to-UE relay, for the L2-based case, end-to-end security using existing solution of PC5 security may be applied if upper layer control plane signalling could be distinguished while being sent to the relay UE. 
Observation 2.5.3: End-to-end security for L2-based UE-to-UE relaying case may be established if PC5-S Direct security mode command exchange can be performed between the remote UE and end UE successfully through the relay UE. Pending SA3 inputs.
For the L3-based solution for UE-to-UE relaying, we may have to solely rely on hop-by-hop security over the two links as the data from remote UE is sent over IP and the relay UE has to establish an individual PC5 unicast communication link with the end UE to forward the remote UE data. It is not clear what further optimizations can be done by SA2/SA3 to support end-to-end security for L3-based UE-to-UE relaying. 
Observation 2.5.4: Security for L3-based UE-to-UE relaying case may have to rely on hop-by-hop security as offered by PC5-S signalling as the message exchange is done at IP layer. Pending SA3 inputs.
Proposal 2.5.1: RAN2 to wait for SA3 conclusions before discussing the pros and cons of L2 vs. L3 relaying w.r.t security of NR sidelink relayed connection. 
1.6 Protocol stack 
As already discussed in [2] and as also mentioned in the SID, the protocol architecture for the user plane and control plane for L2-based relay for both UE-to-NW relay and UE-to-UE relay assumes relaying is performed above RLC sublayer as the baseline. The Remote UE’s user plane and control plane data are relayed above RLC via the UE-to-NW or UE-to-UE relay in uplink and downlink directions. The Remote UE’s Uu PDCP and RRC are terminated between Remote UE and gNB while RLC, MAC and PHY are terminated in each link (between Remote UE and Relay UE and Relay UE and gNB). Further details are provided in a companion paper [7].

1.6.1 L2-based UE-to-NW Relaying
For L2-based relaying, traffic of one or multiple Remote UEs may be mapped to a single DRB of Uu interface of UE-to-NW Relay UE. The mapping of the traffic between sidelink bearers and Uu bearers is done by the gNB and the mapping is configured in the Relay UE by the gNB. An adaptation layer which can be a logical sublayer over Uu is supported to identify the Remote UE/UE-to-NW relay UE and the corresponding bearer. The adaptation layer between the Relay UE and the gNB is able to differentiate between bearers (SRB, DRB) of a particular Remote UE.  
The protocol architecture for the user plane of L2-based UE-to-NW relay is shown in figure 2.6.1.
Observation 2.6.1: L2-based UE-to-NW relaying is characterized by using the adaptation layer and the data from remote UE is exchanged with the CN using remote UE’s PDU session by maintaining end-to-end PDCP.
1.6.2 L3-based UE-to-NW Relaying
Up to Relay UE implementation, the traffic of one or multiple Remote UEs may be mapped to a single DRB of Uu interface of UE-to-NW Relay UE. Multiple Uu DRBs may be used to carry traffic of different QoS levels for one or multiple Remote UEs. In general, each SL radio bearer from Remote UE may be mapped onto individual SL radio bearer over Uu link and potentially individual PDU session to keep track of the end-to-end data. Further study is to be done regarding how the mapping is done. The protocol architecture for the user plane for L3-based relay for UE-to-NW relay assumes relaying is performed above IP layer as shown in figure 2.6.2.
Observation 2.6.2: L3-based UE-to-NW relaying is characterized by data exchange between remote UE and network done at IP layer using two individual communication links, i.e. PC5 and Uu. PDCP operation is per-link based, i.e. PDCP is terminated in each link (between Remote UE and Relay UE and Relay UE and gNB).


Figure 2.6.1 User plane protocol stack for UE-to-NW relay (L2)


Figure 2.6.2 User plane protocol stack for UE-to-NW relay (L3)
1.6.3 L2-based UE-to-UE Relaying
Traffic of one or multiple Remote UEs may be mapped to a single DRB of PC5 interface of the UE-to-UE Relay UE. Multiple SL DRBs may be used to carry traffic of different QoS levels (QoS flows) for one or multiple Remote UEs. The mapping of the traffic between sidelink bearers between Remote UE and Relay UE and between the Relay UE and the end UE is done by the Relay UE. An adaptation layer which can be a logical sublayer can be supported to identify the Remote UE/UE-to-UE relay UE and the corresponding bearer. The adaptation layer at the Relay UE is able to differentiate between bearers (SL SRB, SL DRB) of a particular Remote UE. The protocol architecture for the user plane of L2-based UE-to-UE relay is shown in figure 2.6.3.
Observation 2.6.3: L2-based UE-to-UE relaying is characterized by using the adaptation layer and the data from remote UE is exchanged with the end UE using two individual PC5 unicast communication links by maintaining end-to-end PDCP.



Figure 2.6.3 User plane protocol stack for UE-to-UE relay (L2)
1.6.4 L3-based UE-to-UE Relaying
The details are similar to L3-based UE-to-NW relaying. Depending on Relay UE implementation, the traffic of one or multiple Remote UEs may be mapped to a single DRB of PC5 interface of UE-to-UE Relay UE towards end UE. In general, each SL radio bearer from Remote UE may be mapped onto individual SL radio bearer over PC5 link towards end UE to keep track of the end-to-end data. There is minimal impact foreseen from RAN2 point of view. The protocol architecture for the user plane of L3-based UE-to-UE relay is shown in figure 2.6.4.
Observation 2.6.4: L3-based UE-to-UE relaying is characterized by data exchange between remote UE and end UE done at IP layer using two individual PC5 unicast communication links. PDCP operation is per-link based, i.e. PDCP is terminated in each link (between Remote UE and Relay UE and Relay UE and end UE).


Figure 2.6.4 User plane protocol stack for UE-to-UE relay (L3)
Proposal 2.6.1: For L2-based UE-to-NW relaying and UE-to-UE relaying, RAN2 impact at least includes introduction of an adaptation layer above RLC to support relaying. 
Proposal 2.6.2: For L3-based UE-to-NW relaying and UE-to-UE relaying, there is no RAN2 protocol layer impact to support relaying as it is done at IP layer. 
Conclusion
In this contribution, we provide our views on the different aspects for UE-to-NW and UE-to-UE NR Sidelink relaying (L2 and L3-based) and have the following observations and proposals:
A: Relay selection
Observation 2.1.1: FeD2D based study item considered the evolved Remote UE to be in a ‘linked’ state with a given evolved Relay UE as with e.g. a smart watch/wearable to the phone and did not consider relay (re-) selection. 
Observation 2.1.2: Release-13 based layer-3 sidelink relay was (re-)selected by remote UE among candidate relay UEs that satisfied higher layer criteria with best PC5 radio link quality. 
Observation 2.1.3: Relay (re) selection criterion for both UE-to-NW relaying and UE-to-UE relaying irrespective of Layer-2 or Layer-3 relay type to include: best PC5 radio link quality among candidate sidelink relay UEs meeting higher layer criteria.  
Observation 2.1.4: Remote UE can trigger relay (re-) selection using the network configuration of thresholds for both UE-to-NW relaying and UE-to-UE relaying irrespective of Layer-2 or Layer-3 relay type when: PC5 radio link quality with current relay UE is below configured threshold.
Observation 2.1.5: Remote UE may also be allowed to trigger relay (re-)selection (to enable service continuity) if informed by its current relay UE that the latter is unable to ensure service continuity [e.g. QoS requirement not being able to be met by relay UE, impending handover]. Further details can be discussed during WI phase.
Proposal 2.1.1: RAN2 to discuss the observations and agree that the solution for relay (re-)selection criterion aspect could be common to both L2 and L3-based sidelink relaying.

B: Relay/Remote UE authorization
Observation 2.2.1: Relay UE/Remote UE authorization information may be transferred to the gNB from the AMF as part of context transfer. RAN3 input is needed for this aspect.

Proposal 2.2.1: RAN2 to agree that there is no RAN2 impact for support of Relay UE/Remote UE authorization irrespective of whether relaying is done using L2 or L3. It can be left to upper layer interaction with core network and discuss during WI phase after SA2 has made further progress on the solutions.
C: QoS support
Observation 2.3.1: For UE-to-NW L3-based relaying, the relay UE is responsible for ensuring that the Uu QoS matches the PC5 QoS to provide end-to-end QoS guarantee.

Observation 2.3.2: For L2-based relaying, the network can support the QoS mapping (PC5 to Uu) and configuration for remote UE and relay UE using either end-to-end QoS parameters or individual link QoS parameters. 

Observation 2.3.3: For UE-to-UE L3-based relaying, the following functions apply to support QoS: 
a) using upper layer signalling, the remote UE may share the end-to-end QoS parameters with the relay UE
b) the relay UE may be responsible for splitting the end-to-end QoS parameters into source side PC5 QoS and target side PC5 QoS parameters to provide end-to-end QoS guarantee
c) the relay UE performs link modification (upper layer signalling) to share the QoS parameters to be used over the respective PC5 links with the remote UE and end UE. 
Observation 2.3.4: For UE-to-UE L2-based relaying, the following functions apply to support QoS: 
a) the remote UE may be responsible for splitting the end-to-end QoS parameters into source side   PC5 QoS and target side PC5 QoS parameters to provide end-to-end QoS guarantee 
b) either remote UE or relay UE to involve network for network control of configuration
c) remote UE shares the QoS parameters/configuration to be used over the respective PC5 links using AS layer signalling.

Proposal 2.3.1: RAN2 to wait for SA2’s decision related to QoS support for relaying (applicable to both L2 and L3 relay types) as in: 
a) definition and splitting of end-to-end QoS profile onto individual link PFI/PQI and QFI/5QI for UE-to-NW case 
b) definition and splitting of end-to-end QoS profile onto two sets of PFIs/PQIs for the individual PC5 links for UE-to-UE case 
c) whether the splitting will be handled using PC5-S upper layer signalling (for both UE-to-NW and UE-to-UE relaying types) and transparent to AS layer.

Proposal 2.3.2: RAN2 to discuss the following potential impacts of L3-based UE-to-NW relaying:
a) remote UE providing information on which QoS flows need to be relayed 
b) relay UE mapping the incoming remote UE data onto its Uu DRBs

Proposal 2.3.3: RAN2 to discuss the following potential impacts of L2-based UE-to-NW relaying: 
a) remote UE providing information on which QoS flows need to be relayed 
b) relay UE mapping the incoming remote UE onto its Uu DRBs 
c) network control and configuration of QoS parameters/mapping pending SA2 decision.
Proposal 2.3.4: From RAN2 point of view, for support of QoS, agree that the possibility of network control for configuration of bearers on both sidelink and Uu to provide end-to-end QoS guarantee would be the key difference between L2 vs. L3-based UE-to-NW relay.
Proposal 2.3.5: RAN2 to discuss the following potential impacts of L3-based UE-to-UE relaying:
	 a) remote UE providing information on which QoS flows need to be relayed 
 b) FFS if E2E QoS splitting to be done at AS layer and remote or relay UE 
 c) remote/relay UE sharing bearer configuration and mapping flows onto the SL DRBs.

Proposal 2.3.6: RAN2 to discuss the following potential impacts of L2-based UE-to-UE relaying: 
a) remote UE providing information on which QoS flows need to be relayed 
b) FFS if E2E QoS splitting to be done at AS layer and by remote or relay UE 
c) network control if necessary
d) remote/relay UE sharing bearer configuration and mapping flows onto the SL DRBs.
Proposal 2.3.7: From RAN2 point of view, for support of QoS, agree that the possibility of network control for configuration of bearers on both sidelinks to provide end-to-end QoS guarantee would be the key difference between L2 vs. L3-based UE-to-UE relay.
D: Service Continuity
Observation 2.4.1: L2-based UE-to-NW relaying offers best service continuity with minimal RAN2 impact when the remote UE and relay UE are served by the same gNB. 
Observation 2.4.2: For L2-based UE-to-NW relaying scenario wherein the remote UE and relay UE are served by different gNBs the remote UE might have to perform handover to the relay UE’s gNB before performing switching from one link to another. Some enhancements to handover procedure may be needed (e.g. No admission control for remote UE, no allocation of resources when using relay).  
Observation 2.4.3: Service continuity for L2-based UE-to-UE relaying with minimal switching delay can be achieved if remote UE performs discovery and relay (re-)selection towards new Relay UE before losing connection through the old Relay UE and performs any necessary duplicate detection. 
Observation 2.4.4: Service continuity for L3-based UE-to-UE relaying with reduced switching delay can be considered if remote UE performs discovery and relay (re-)selection towards new Relay UE before losing connection through the old Relay UE, then data loss may be minimized. 
Proposal 2.4.1: For L2-based UE-to-NW relaying when remote UE and relay UE are under the same gNB coverage, RAN2 impacts for path switching at least include: remapping of QoS flows and corresponding reconfiguration of DRBs. 
Proposal 2.4.2: For L2-based UE-to-NW relaying when remote UE and relay UE are under different gNB coverage, potential RAN2 impacts for path switching at least include: trigger for handover, handover, remapping of QoS flows and corresponding reconfiguration of DRBs.
Proposal 2.4.3: For L3-based UE-to-NW relaying, path switching involves changing IP path and there is no RAN2 impact. Some minimal impact to reduce switching delay if both the relay link and Uu link are kept simultaneously until a trigger (e.g. reconfiguration) to perform switching. 
Proposal 2.4.4: For L3-based UE-to-UE relaying, there is minimal RAN2 impact to support path switching including trigger to perform relay (re-)selection and potential trigger to switch traffic as switching is done at higher layer. 
Proposal 2.4.5: For L2-based UE-to-UE relaying, RAN2 impact to support path switching at least include: trigger to perform relay (re-)selection, trigger to switch traffic, and protocol layer procedures (e.g. to maintain configuration).

E: Security
Observation 2.5.1:  For L2-based UE-to-NW relaying, end-to-end security can be supported using PDCP.  
Observation 2.5.2:  As per TR 23.752, a solution based on N3IWF which is used to support non-3GPP access to 5GC, is proposed for end-to-end security for L3-based UE-to-NW relaying scenario. This solution uses IPSec and hence cannot support non-IP data traffic. 
Observation 2.5.3: End-to-end security for L2-based UE-to-UE relaying case may be established if PC5-S Direct security mode command exchange can be performed between the remote UE and end UE successfully through the relay UE. Pending SA3 inputs.
Observation 2.5.4: Security for L3-based UE-to-UE relaying case may have to rely on hop-by-hop security as offered by PC5-S signalling as the message exchange is done at IP layer. Pending SA3 inputs.
Proposal 2.5.1: RAN2 to wait for SA3 conclusions before discussing the pros and cons of L2 vs. L3 relaying w.r.t security of NR sidelink relayed connection.
F: Protocol stack
Observation 2.6.1: L2-based UE-to-NW relaying is characterized by using the adaptation layer and the data from remote UE is exchanged with the CN using remote UE’s PDU session by maintaining end-to-end PDCP.
Observation 2.6.2: L3-based UE-to-NW relaying is characterized by data exchange between remote UE and network done at IP layer using two individual communication links, i.e. PC5 and Uu. PDCP operation is per-link based, i.e. PDCP is terminated in each link (between Remote UE and Relay UE and Relay UE and gNB).
Observation 2.6.3: L2-based UE-to-UE relaying is characterized by using the adaptation layer and the data from remote UE is exchanged with the end UE using two individual PC5 unicast communication links by maintaining end-to-end PDCP.
Observation 2.6.4: L3-based UE-to-UE relaying is characterized by data exchange between remote UE and end UE done at IP layer using two individual PC5 unicast communication links. PDCP operation is per-link based, i.e. PDCP is terminated in each link (between Remote UE and Relay UE and Relay UE and end UE). 
Proposal 2.6.1: For L2-based UE-to-NW relaying and UE-to-UE relaying, RAN2 impact at least includes introduction of an adaptation layer above RLC to support relaying. 
Proposal 2.6.2: For L3-based UE-to-NW relaying and UE-to-UE relaying, there is no RAN2 protocol layer impact to support relaying as it is done at IP layer.
Considering the above analysis of the different characteristics of L2-based and L3-based UE-to-NW/UE-to-UE Sidelink relaying, the RAN2 impacts can be summarized with tables as per below:
Table 1. L2 vs. L3-based NR Sidelink UE-to-NW relay summary
	Relay aspects and RAN2 impacts
	UE-to-NW Relay (L2-based)

	UE-to-NW Relay (L3-based)

	Comments

	Relay reselection
	a) NW configured PC5 and Uu link quality thresholds
b) Remote UE trigger based on link quality or relay UE assistance
	a) NW configured PC5 and Uu link quality thresholds
b) Remote UE trigger based on link quality or relay UE assistance
	L2 and L3-based relaying will have similar support and impact

	Relay/ Remote UE Authorization
	No RAN2 impact expected

	No RAN2 impact expected

	Potential RAN3 impact for Remoterelay UE authorization at gNB

	QoS support
	a) Network control of QoS parameters to radio bearer configuration mapping for PC5 and Uu links
b) remote UE to differentiate relayed QoS flows
c) relay UE to map remote UE data onto Uu DRB
	a) Network control is not feasible. Up to Relay UE to handle splitting of E2E QoS parameters either through upper layer signalling or AS layer signalling. Details FFS. 
b) remote UE to differentiate relayed QoS flows
c) relay UE to map remote UE data onto Uu DRB
	Feasibility of Network control is considered the main difference. FFS Splitting and mapping of E2E QoS profile onto hop-by-hop QoS 

	Service Continuity/ Path Switching
	a) Same gNB: Remapping of QoS flows and reconfiguration of DRBs 
b) Different gNB: remote UE to handover and reconfiguration of DRBs

 Switching delay can be minimized with switching @AS layers with corresponding configuration/signalling impacts 

	a) Same gNB or different gNB: RAN2 + CN impact (due to PDU session switching, corresponding remapping of QoS flows and reconfiguration of DRBs) . 

Switching delay with switching @higher layers (PDU session transfer) can be minimized with configuration/signalling optimizations in RAN2.

	Switching delay for L3-based involves CN whereas L2-based does not.

	Security
	Relaying below PDCP allows end-to-end security to be achieved using PDCP

	No RAN2 impact. No PDCP-based end-to-end security support. 

	SA2- proposed IPSec for E2E security is at higher layer and support of non-IP data FFS

	Impact on protocol stacks
	a) Adaptation layer above RLC layer and data exchange using remote UE’s PDU session.
b) End-to-end PDCP maintained

	a) No RAN2 impact [data exchange above IP layer using relay UE’s PDU session]
b) PDCP is terminated per-link
	Adaptation layer similar to what is agreed to be supported for IAB

	Multiplexing of remote UEs/remote UEs’ bearers
	Handled using adaptation header to differentiate remote UEs and corresponding bearers

	Handled at IP layer by relay UE. Out of scope of RAN2. Any limitation of number of Remote UEs or number of Remote UEs’ bearers to be supported to be studied. 
	RAN2 impact of introducing adaptation layer provides ease of  multiplexing with L2 relaying



Table 2. L2 vs. L3-based NR Sidelink UE-to-UE relay summary
	Relay aspects and RAN2 impacts
	UE-to-UE Relay (L2-based)

	UE-to-UE Relay (L3-based)

	Comments

	Relay reselection
	a) NW configured PC5 and Uu link quality thresholds
b) Remote UE trigger based on link quality or relay UE assistance
	a) NW configured PC5 and Uu link quality thresholds
b) Remote UE trigger based on link quality or relay UE assistance
	L2 and L3-based relaying will have similar support and impact

	Relay/ Remote UE Authorization
	No RAN2 impact expected

	No RAN2 impact expected

	Potential RAN3 impact for Remoterelay UE authorization at gNB

	QoS support
	a) Network control of QoS parameters to radio bearer configuration mapping for PC5 links if necessary. Splitting of E2E QoS parameters either through upper layer signalling or AS layer signalling. Details FFS.
b) remote UE to differentiate relayed QoS flows
c) relay/remote UE to map data onto SL DRBs
	a) Network control is not feasible. Up to Relay/remote UE to handle splitting of E2E QoS parameters either through upper layer signalling or AS layer signalling. Details FFS. 
b) remote UE to differentiate relayed QoS flows
c) relay/remote UE to map data onto SL DRBs
	Feasibility of Network control is considered the main difference. FFS Splitting and mapping of E2E QoS profile onto hop-by-hop QoS 

	Service Continuity/ Path Switching
	a) trigger to perform relay (re-) selection
b) trigger to switch traffic
c) protocol layer procedures

 Switching delay can be minimized with switching @AS layers with corresponding configuration/signalling impacts 

	a) trigger to perform relay (re-) selection
b) potential trigger to switch traffic (FFS)

Switching delay with switching @higher layers can be minimized with configuration/signalling optimizations in RAN2.

	Establishment of multiple PC5 unicast links may enable faster switching

	Security
	Relaying below PDCP allows end-to-end security to be achieved using using PC5-S security (with control plane signalling forwarding)

	No RAN2 impact. No end-to-end security support.

	Pending SA3 inputs

	Impact on protocol stacks
	a) Adaptation layer above RLC layer
b) End-to-end PDCP maintained

	a) No RAN2 impact [data exchange above IP layer]
b) PDCP is terminated per-link
	Adaptation layer similar to what is agreed to be supported for IAB

	Multiplexing of remote UEs/remote UEs’ bearers
	Handled using adaptation header to differentiate remote UEs and corresponding bearers

	Handled at IP layer by relay UE. Out of scope of RAN2. Any limitation of number of Remote UEs or number of Remote UEs’ bearers to be supported to be studied. 
	RAN2 impact of introducing adaptation layer provides ease of multiplexing with L2 relaying




References
[1] RP-193253, SID for Sidelink Relay
[2] TR 36.746, Study on further enhancements to LTE Device to Device (D2D), User Equipment (UE) to network relays for Internet of Things (IoT) and wearables;(Release 15)
[3] 36.300, LTE Overall Description, Stage-2, Release-13
[4] R2-2006717, Requirements, Assumptions and Supported Scenarios for NR Sidelink Relay, Intel Corporation 
[5] TR 23.752, Study on system enhancement for Proximity based Services (ProSe) in the 5G System (5GS)
[6] R2-2006931, On Sidelink discovery for relaying, Intel Corporation
[7] R2-2007608, TP for impact on user plane protocol stack and control plane procedure for Sidelink Relay, Intel Corporation  
Annex
1.7 Path switching scenarios for L2 and L3 based relaying



[bookmark: _GoBack]Figure 5.1. Exemplary Path switching from direct (Uu) to indirect (relay) link [same gNB] (L2-based)



Figure 5.2. Exemplary Path switching from indirect (relay) to direct (Uu) link [same gNB] (L2-based)



Figure 5.3. Exemplary Path switching from indirect (relay) to indirect (relay) link [same gNB] (L2-based)


Figure 5.4. Exemplary Path switching from direct (Uu) to indirect (relay) link [different gNB] (L2-based)
 



Figure 5.5.  Exemplary Path switching from indirect (relay) to direct (Uu) link [different gNB](L2-based)

Figure 5.6. Exemplary Path switching from indirect (relay) to indirect (relay) link [different gNB] (L2-based)


Figure 5.7. Exemplary Path switching from indirect (relay) to direct (Uu) link (L3-based)


Figure 5.8. Exemplary Path switching from relay to relay for UE-to-UE relay (L2-based)


Figure 5.9. Exemplary Path switching from relay to relay for UE-to-UE relay (L3-based)
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