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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.



 In this contribution we provide details to be considered for the item ‘F’ marked above as part of the characteristics to be studied for Sidelink relaying, i.e. impact on user plane protocol stack and control plane procedure. 
Relay protocol stack
In this section we will discuss the impacts on user plane/control plane protocol stack and the related exemplary signalling procedures for L2-based/L3-based UE-to-NW and UE-to-UE relaying.
1.1 L2-based NR Sidelink Relay Protocol stack
As a baseline, 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. 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). The user plane and control plane protocol stacks for L2-based UE-to-NW and UE-to-UE relay cases are shown in figures 1 to 4.
Observation 1: For L2-based relay (both UE-to-NW and UE-to-UE relay), relaying is performed above RLC. 
1.1.1 UE-to-NW relaying
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. It is also possible to multiple traffic of the Relay UE itself onto the Uu DRB, which is also used to carry relayed traffic to/from Remote UEs. 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 above RLC 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 QoS may be controlled by the network and QoS associated with different bearers between the Relay UE and gNB can be applied. Within a Uu DRB, different Remote UEs and different bearers of the Remote UE are indicated by additional information included in adaptation layer header which is added to PDCP PDU. The Remote UE may be identified in the adaptation layer header on Uu by a local identifier which is known at least to the gNB and Relay UE. For identifying bearer of the Remote UE, a bearer identity is indicated within the adaptation layer header.
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: A new layer (adaptation layer) is introduced above RLC to support relaying functionalities for L2-based UE-to-NW relay. 
The user plane protocol stack for this option is shown in figure 1. The corresponding control plane protocol stack is shown in figure 2. It shows that the control plane signalling from the remote UE may be forwarded to the gNB through the UE-to-NW relay UE even if the remote UE is out-of-coverage. This is only possible using L2 relay option.


Figure 1 User plane protocol stack for UE-to-NW relay (L2)



Figure 2 Control plane protocol stack for UE-to-NW relay (L2)
1.1.2 UE-to-UE relaying
As shown in the figures, the 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. It is also possible to multiplex traffic of the Relay UE itself onto the SL DRB, which is also used to carry relayed traffic to/from 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 situated above RLC 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 different bearer types (SL SRB, SL DRB) of a particular Remote UE. The QoS mapping can be done by the Relay UE either using end-to-end QoS parameters or individual QoS parameters. The different bearers of the Remote UE are indicated by additional information included in adaptation layer header which can be added to PDCP PDU. The Remote UE may be identified in the adaptation layer header on the second PC5 link by a local identifier which is known at least to the Relay UE and end UE. For identifying bearer of the Remote UE, a bearer identity is indicated within the adaptation layer header.
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. The user plane protocol stack for this option is shown in figure 3. The corresponding control plane protocol stack is shown in figure 4. It shows that the control plane signalling from the remote UE may be forwarded to the end UE through the UE-to-UE relay UE. This is only possible using L2 relay option.


Figure 3 User plane protocol stack for UE-to-UE relay (L2)


Figure 4 Control plane protocol stack for UE-to-UE relay (L2)

Observation 3: A new layer (adaptation layer) is introduced to support relaying functionalities for L2-based UE-to-UE relay. 
1.2 L3-based NR Sidelink Relay Protocol stack
The protocol architecture for the user plane and control plane for L3-based relay for both UE-to-NW relay and UE-to-UE relay assumes relaying is performed above IP layer.
Observation 4: For L3-based relay (both UE-to-NW and UE-to-UE relay), relaying is performed above IP layer. 
1.2.1 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 radio bearer over Uu link and potentially individual PDU session to keep track of the end-to-end data. The QoS mapping is up to relay UE with no network control, depending on how the QoS parameters are received from the Remote UE. There is minimal impact foreseen from RAN2 point of view. The protocol stack for this relaying is shown in figures 5 and 6.


Figure 5 User plane protocol stack for UE-to-NW relay (L3)


Figure 6 Control plane protocol stack for UE-to-NW relay (L3)
Editor’s note: How the QoS parameters for end-to-end path are defined is pending SA2 decision.
L3-based UE-to-NW relaying is thus 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).
1.2.2 UE-to-UE relaying
The details are similar to UE-to-NW relaying case. 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. The QoS mapping is up to relay UE depending on how the the QoS parameters are received from the Remote UE and so there is minimal impact foreseen from RAN2 point of view. The protocol stack for this relaying is shown in figures 7 and 8.
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 7 User plane protocol stack for UE-to-UE relay (L3)


Figure 8 Control plane protocol stack for UE-to-UE relay (L3)
The primary difference to be noted considering the different protocol stacks would be that the control plane signalling may also be forwarded in the case of L2-based relay compared to L3-based relay.
Proposal 1: RAN2 to discuss the text and protocol stacks provided in section 2 and agree to capture protocol stacks as part of the SI TR.
 Control plane procedures
[bookmark: _GoBack]In this section we will discuss the related exemplary signalling procedures for L2-based/L3-based UE-to-NW and UE-to-UE relaying. The control plane procedure is depicted in figures 9 and 10 for UE-to-NW relaying and figure 11 for UE-to-UE relaying.
1.3 L2-based UE-to-NW Relay procedure

The details of the steps involved for L2-based UE-to-NW relaying signalling procedure are provided below. 
0. The remote UE and relay UE are considered registered and authorized with the 3GPP cellular network to perform NR Sidelink relaying.
1. Remote UE’s PDU session is considered established at the CN and Relay UE Uu DRBs are setup.
2. When Uu link quality goes below a threshold, the remote UE makes a decision to find a relay.
3. Remote UE performs discovery and selects a suitable relay UE.
4. Remote UE establishes PC5 unicast link for relaying purpose.
5. Remote UE sends SidelinkUE(Relay)InformationNR message to the gNB, indicating Relay UE information (e.g. Relay UE ID as available from discovery message, QoS information list of the QoS profiles of the QoS flows that need to be relayed). This information may be provided by the upper layers together with AS layer. 
6.  The gNB sends the RRCReconfiguration message with the relayed QoS flows to SLRB configuration. 
7.  The remote UE RRCReconfigurationComplete to the gNB.
8. The Relay UE may send SidelinkUE(Relay)InformationNR message to the gNB indicating Remote UE information (e.g. Remote UE ID, QoS information list of the QoS profiles of the QoS flows that need to be relayed over Uu).
9. The gNB sends the RRCReconfiguration message with the relayed QoS flows to Uu DRB configuration/modification. 
10.  The Relay UE sends RRCReconfigurationComplete to the gNB.
11. The Relay UE or Remote UE initiates RRCReconfigurationSidelink (Relay) if needed.
12. Remote UE or Relay UE sends RRCReconfigurationcompleteSidelink (Relay) to the other UE.
13. User data can now flow over the relayed connection using remote UE’s PDU tunnel. 



Figure 9 Exemplary Control plane signalling procedure for L2-based UE-to-NW relaying

In this scenario, we consider that both the remote UE and relay UE provide sidelink UE information to gNB to enable relaying operation. Alternatively, it may also be possible to enable relaying based on relay UE’s sidelink UE information if remove UE is in out-of-coverage.  
1.4 L3-based UE-to-NW Relay procedure
The details of the steps involved for L3-based UE-to-NW relaying signalling procedure are provided below. 
0. The remote UE and relay UE are considered registered and authorized with the 3GPP cellular network to perform NR Sidelink relaying.
1. Relay UE’s PDU session is considered established at the CN and Relay UE Uu DRBs are setup.
2. When Uu link quality goes below a threshold, the remote UE makes a decision to find a relay.
3. Remote UE performs discovery and selects a suitable relay UE.
4. Remote UE establishes PC5 unicast link for relaying purpose.
5. The Relay UE or Remote UE initiates RRCReconfigurationSidelink(Relay) if needed.
6. Remote UE or Relay UE sends RRCReconfigurationcompleteSidelink(Relay) to the peer UE.
7.  The gNB may send the RRCReconfiguration message for relay UE Uu DRB reconfiguration. 
8.  The relay UE sends RRCReconfigurationComplete to the gNB.
9. User data can now flow over the relayed connection using relay UE’s PDU tunnel. 



Figure 10 Exemplary Control plane signalling procedure for L3-based UE-to-NW relaying
In this scenario, it does not show the sidelink UE information sent to gNB because L3 relaying would be transparent to the gNB. However, if there is any impact on AS layer from security/QoS handling/service continuity support, it might be needed for gNB to control relaying operation.  
1.5 L2/3-based UE-to-UE Relay procedure
The details of the steps involved for L2/L3-based UE-to-UE relaying signalling procedure are provided below. 
0. The remote UE and relay UE are considered registered and authorized with the 3GPP cellular network to perform NR Sidelink relaying.
1. When PC5 link quality goes below a threshold, the remote UE makes a decision to find a relay.
2. Remote UE performs discovery and selects a suitable relay UE.
3. Remote UE establishes PC5 unicast link for relaying purpose.
4. The Remote UE initiates RRCReconfigurationSidelink(Relay) towards the Relay UE.
5. The Relay UE sends RRCReconfigurationcompleteSidelink(Relay) to the Remote UE.
6.  The Relay UE initiates RRCReconfigurationSidelink(Relay) towards the End UE.
7.  The End UE sends RRCReconfigurationComplete to the Relay UE.
8. User data can now flow over the relayed connection.


Figure 11 Exemplary Control plane signalling procedure for L2/L3-based UE-to-UE relaying
 In case of UE-to-UE relaying procedure, gNB control is not needed to enable relaying function. However, if both remote UE and relay UE are in coverage of gNB, either existing sidelink UE information or additional information would be sent to gNB at least for L2-based scenario, for example for QoS control. 
Proposal 2: RAN2 to discuss control plane procedures for UE-to-NW relaying and UE-to-UE relaying based on signalling procedure described in Section 3 as baseline.  
Conclusion
In this contribution, we discussed the protocol stack and signalling procedure for L2/L3-based UE-to-NW and UE-to-UE relays and have the following proposals: 
Protocol stack
Observation 1: For L2-based relay (both UE-to-NW and UE-to-UE relay), relaying is performed above RLC. 
Observation 2: A new layer (adaptation layer) is needed above RLC to support relaying functionalities for L2-based UE-to-NW relay. 
Observation 3: A new layer (adaptation layer) is needed to support relaying functionalities for L2-based UE-to-UE relay. 
Observation 4: For L3-based relay (both UE-to-NW and UE-to-UE relay), relaying is performed above IP layer. No impact on AS protocol layer is foreseen. 
Proposal 1: RAN2 to discuss the text and protocol stacks provided in section 2 and agree to capture protocol stacks as part of the SI TR.

Control plane procedures
Proposal 2: RAN2 to discuss control plane procedures for UE-to-NW relaying and UE-to-UE relaying based on signalling procedure described in Section 3 as baseline.  
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