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Introduction
During RAN#91-e meeting, SL relay WI was approved. The detailed objectives are listed as follows.
	The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 

Work Item objectives on aspects common to both L2 and L3:

Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]

Re-use LTE relay discovery and (re)selection as baseline

Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]

Re-use LTE as baseline

Work Item objectives specific to Layer-2 (L2) relaying:

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

Specify mechanisms for service continuity 

Limited to intra-gNB cases [RAN2]

Specify mechanisms for U2N Adaptation layer design [RAN2]

For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]


As we can see, both L2 and L3 based UE-to-Network relay shall be specified. With regard to the L2 relaying, the U2N adaptation layer design shall be specified. The bearer mapping and remote UE identification should be considered during the adaptation layer. In this contribution, we will focus on the SL relay protocol architecture, discuss the adaptation layer design and QoS management during bearer mapping. 
Discussion
Generally speaking, for L2 UE-to-Network relay, network is able to identify, address and reach a remote UE via a UE-to-Network relay. It means that the 5GC and NG-RAN maintains NAS and AS signalling procedure for the remote UE. The 5GC provides PDU session for remote UE and can serve the remote UE as a normal UE. For the remote UE, the AS/NAS signaling for RRC connection setup and network registration/PDU session management are forwarded by the UE-to-Network relay UE. To be specific, upon receiving the remote UE’s AS signaling from the relay UE, the NG-RAN is able to associate it with the relevant remote UE and then deliver it to the RRC layer of the remote UE. Then the NG signaling for the remote UE should be delivered directly to the remote UE’s AMF if necessary. For remote UE’s UP packet forwarding, the 5GC provides PDU sessions for remote UE. When the gNB receives the remote UE’s data packet from the relay UE, the gNB is able to associate it with the relevant remote UE and the corresponding PDU session/NG-U tunnel of the remote UE. Then, the UP packets of the remote UE are delivered via the remote UE’s PDU session/NG-U tunnel. 

In order to support L2 U2N, an adaptation layer is designed, which is placed over RLC sublayer for both CP and UP at the Uu interface between Relay UE and gNB. The Uu SDAP/PDCP and RRC are terminated between Remote UE and gNB, while RLC, MAC and PHY are terminated in each link. Figure 1 and Figure 2 shows the protocol stack of L2 UE-to-Network relay with adaptation layer located in both PC5 and Uu interface. The adaptation layer can be used to support the bearer mapping and remote UE identification. According to TR 38.836, it is agreed that adaptation layer should be supported at the Uu interface. However, whether the adaptation layer is also supported at the PC5 interface between Remote UE and Relay UE is left to WI phase. In this section, we will analyze the functions of adaptation layer at Uu and PC5 interface.  
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Figure 1: User plane protocol stack for L2 UE-to-Network Relay [2]
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Figure 2 Control plane protocol stack for L2 UE-to-Network Relay [2]
Adaptation layer at Uu interface

Upon receiving uplink packet from remote UE, the adaptation layer of relay UE should support the bearer mapping between PC5 RLC bearers and Uu RLC bearers and then transmit the uplink packet towards gNB. Both N:1 and 1:1 bearer mapping can be supported at Uu interface. Upon receiving the uplink packet from remote UE, gNB should be able to identify that the received packet is from remote UE and associates the received packet with remote UE’s Uu SRB/DRB. In order for gNB to correlate the received data packets with remote UE, adaptation layer subheader should be added to the packet, which include the identity information of Remote UE Uu Radio Bearer and Remote UE.
Similarly, for the downlink, the adaptation layer of gNB should support the bearer mapping between remote UE’s SRB/DRB and Uu RLC bearer. In order to support DL N:1 bearer mapping, adaptation layer subheader should be added to the downlink packet, which includes the identity information of Remote UE Uu Radio Bearer and Remote UE. Based on the adaptation layer subheader information, the relay UE can map the received downlink packets from Remote UE Uu Radio Bearer to its associated PC5 RLC bearer.

Proposal 1: RAN2 confirm that adaptation layer is supported at the Uu interface for L2 U2N relay. 

Proposal 2: The adaptation layer at Uu interface should support N:1 bearer mapping between remote UE’s SRB/DRB and Uu RLC bearer.

Proposal 3: An Uu adaptation layer subheader is added to the remote UE’s packet, which includes the identity information of remote UE and remote UE’s Uu RB. 

During the email discussion during RAN#91-e meeting, security concern was raised, such as disclosing UE IDs on the adaptation layer as there is no encryption of that information in the adaptation layer. The SL relay WI also captures the potential consideration of RAN related security aspects. In our opinion, Remote UE’s L2 ID are also exposed in MAC layer in PC5 interface. SA3’s remote UE’s L2 ID design allows the L2 UE ID change from time to time to avoid security risk. So it should not be an issue for the exposing of remote UE’s L2 ID on the adaptation layer. Nevertheless, it is necessary to ask for SA3 for confirmation. On the other hand, since the remote UE’s L2 ID changes from time to time, it is not appropriate to carry the remote UE’s L2 ID used for SL communication in the adaptation layer subheader. Intead, we think the relay UE or gNB may allocate a local ID for remote UE and carry the local ID in the adaptation layer subheader. This local ID should be able to uniquely identify a remote UE within relay’s scope. No matter the remote UE’s L2 ID for sidelink communication change or not, the relay UE may assure that the local ID for remote UE carried in the Uu adaptation layer does not change. In this way, the gNB can clearly associate the data packet with local remote UE ID with the same remote UE without confusion.  
Proposal 4: Ask SA3 for the security concern of disclosing remote UE’s L2 ID on the adaptation layer. 
Proposal 5: Considering the potential change of remote UE’s L2 ID for SL communication, the identity information of remote UE carried in the adaptation layer subheader can be a local ID. 
Adaptation layer at PC5 interface

With regard to the PC5 interface, we think the PC5 adaptation layer should also be supported. With PC5 adaptation layer, it is possible to support N:1 bearer mapping between remote UE’s Uu RBs and PC5 RLC bearers. Upon receiving the PC5 packet from remote UE, relay UE may identify the remote UE’s RB from the PC5 adaptation layer, which could then be further delivered to gNB via the adaptation layer of Uu interface. In this case, the PC5 adaptation layer should at least include the identification information of remote UE’s Uu RBs. On the other hand, if PC5 adaptation layer is not supported, the remote UE’s SRB/DRB has to be 1:1 mapped to PC5 RLC bearer. Namely, the remote UE may establish one PC5 RLC bearer with relay UE corresponding to each of its SRB/DRB, which is not flexible. In addition, the PC5 adaptation layer may be needed for forward compatibility for multi-hop relay in the future release.

Proposal 6: RAN2 is suggested to support adaptation layer at the PC5 interface for L2 U2N relay.

Proposal 7: The adaptation layer at PC5 interface should support N:1 bearer mapping between remote UE’s RB and PC5 RLC bearer.
On the other hand, it is questionable if the identification of remote UE should be included in the PC5 adaptation layer. For the uplink packet, the relay UE could identify the remote UE through the source layer 2 ID field in the PC5 MAC subheader. Then relay UE could add the identification information of remote UE in the Uu adpatation layer. For the downlink packet, relay UE may deliver the packet to remote UE without carry the identification information of remote UE in adaptation layer. It seems that the identification info of remote UE does not need to be carried in the adaptation layer subheader. In this case, we have two different formats for PC5 and Uu adaptation sublayer. When forwarding remote UE’s packet, relay UE need to remove the old subheader and add the new adaptation layer subheader, which is troublesome. In this sense, it would be better to align the adaptation layer design for PC5 and Uu interface. RAN2 is suggested to further discuss this. 
Proposal 8: An PC5 adaptation layer subheader is added to the remote UE’s packet, which includes the identity information of remote UE’s Uu RB. FFS for the identity information of remote UE. 
QoS management
For remote UE using L2 relay, after establishing the RRC connection with gNB, it will build the PDU session with Core network, the E2E QoS requirements of the PDU session will be controlled by Uu QoS rules and Uu QoS parameters (5QI, GFBR, MFBR, LINK-AMBR, etc) as specified in TS 23.501. It is SMF’s responsibility to provide QoS flow level’s QoS parameters to gNB and gNB will configure AS layer configuration correspondingly.

Figure 2 below shows the end-to-end QoS support and bearer mapping for UE-to-NW L2 relay wherein the the overall QoS corresponds to that being met in combination across the PC5, Uu and CN parts. Taking the uplink data transmission as an example, Remote UE’s Uu DRBs are mapped to PC5 RLC bearers. The mapping of the remote UE’s Uu DRB to the PC5 RLC bearer can be configured by the network. As shown in Figure 3, the remote UE’s Uu DRB with similar QoS could be mapped to the same PC5 RLC bearer. Multiple PC5 RLC bearers are needed to differentiate remote UE’s Uu DRBs with different QoS requirement. 

Upon receiving the packets from the remote UE, the relay UE maps the data packet to Uu RLC bearer and transmits it to the gNB. Similar to the PC5 RLC bearer, different remote UE’s Uu DRB with similar QoS could also be mapped to the same Uu RLC bearer. When gNB receive the remote UE’s data packet from relay UE, the gNB associates the received packet with remote UE’s Uu DRB and delivers it to this DRB’s PDCP/SDAP RX entity. Finally, the data packet is further delivered to the remote UE’s UPF via the remote UE’s NG-U tunnel. 
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Figure 3 User plane end-to-end QoS support and bearer mapping
As we can see, both the mapping between Uu DRB to PC5 RLC bearer and the mapping between PC5 RLC bearer to Uu RLC bearer could be configured by gNB based on the QoS flow level’s QoS parameters. According to TR 38.836, gNB implementation can handle the QoS breakdown over Uu and PC5 for the end-to-end QoS enforcement of a particular session established between Remote UE and network. For example, gNB may divide the PDB associated with remote UE’s QoS flow into two part, one for PC5 and the other one for Uu. In this way, lower PDB value is expected for associated PC5 and Uu RLC bearer. gNB may set higher logical channel priority level for Uu RLC bearer with lower PDB value, thus the scheduling of remote UE’s traffic from such Uu RLC bearer may be prioritized. Suppose the PDB value of PC5 and Uu RLC bearer along the data forwarding path can be met, the overall PDB associated with the data packet can also be guaranteed. As we can see, by configuring the suitable PC5/Uu RLC bearer and corresponding bearer mapping rule, the deterministic data forwarding path for remote UE’s data packet can be configured and corresponding E2E QoS can be ensured.

Proposal 9: For L2 U2N relay, the E2E QoS of remote UE can be ensured by gNB controlled configuration of the PC5 RLC bearer, Uu RLC bearer and the corresponding bearer mapping rule.
Conclusion
In this contribution, we analyzed the functions of adaptation layer at Uu and PC5 interface. And we have the following observations and proposals:

Proposal 1: RAN2 confirm that adaptation layer is supported at the Uu interface for L2 U2N relay. 

Proposal 2: The adaptation layer at Uu interface should support N:1 bearer mapping between remote UE’s SRB/DRB and Uu RLC bearer.

Proposal 3: An Uu adaptation layer subheader is added to the remote UE’s packet, which includes the identity information of remote UE and remote UE’s Uu RB. 

Proposal 4: Ask SA3 for the security concern of disclosing remote UE’s L2 ID on the adaptation layer. 
Proposal 5: Considering the potential change of remote UE’s L2 ID for SL communication, the identity information of remote UE carried in the adaptation layer subheader can be a local ID. 
Proposal 6: RAN2 is suggested to support adaptation layer at the PC5 interface for L2 U2N relay.

Proposal 7: The adaptation layer at PC5 interface should support N:1 bearer mapping between remote UE’s RB and PC5 RLC bearer.
Proposal 8: An PC5 adaptation layer subheader is added to the remote UE’s packet, which includes the identity information of remote UE’s Uu RB. FFS for the identity information of remote UE. 
Proposal 9: For L2 U2N relay, the E2E QoS of remote UE can be ensured by gNB controlled configuration of the PC5 RLC bearer, Uu RLC bearer and the corresponding bearer mapping rule.
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