3GPP TSG RAN Meeting #91-e									RP-210717
Electronic Meeting, March 16 - 26, 2021
		

Agenda item:		9.6.6		
Source:	  	Futurewei, Apple, Convida Wireless, Huawei, HiSilicon, Interdigital, KPN, MediaTek, Lenovo, Motorola Mobility, Philips
Title:		Comparison of L2 and L3 Relay Architectures 
Document for:		Discussion and Decision
Introduction
This contribution compares layer-2 and layer-3 relay architectures based on study results in TR 38.836 [1], focusing on the aspects identified in the SID [2].
Comparison of UE-to-Network Relay
A. [bookmark: _Hlk61473482][bookmark: _Hlk61473347]Relay discovery and (re-)selection
Both the model A and model B can be supported in L2 and L3 relay architectures.
The serving gNB may control relay selection/reselection of the RRC_CONNECTED remote UE in L2 UE-to-Network Relay scenario.
For Remote UE supporting L3 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, it is not feasible for the serving gNB to provide radio configuration to transmit discovery message.
B. [bookmark: _Hlk61473773]Relay/Remote UE authorization
The solution is up to SA2 and SA3 with no RAN2 impact foreseen, and the same mechanisms are assumed to be applicable for both L2 and L3 relay architectures.
C. [bookmark: _Hlk61473818]QoS for relaying functionality
In L2 relay architecture, the serving gNB has full control of the QoS management over Uu and PC5 interfaces for the end-to-end QoS enforcement of a particular session established between the remote UE and the network. QoS requirement can be supported and enforced as the serving gNB can admit or reject a radio bearer based on the current radio resource availability. The serving gNB is aware of link conditions of PC5 and Uu interfaces, and QoS management can be flexibly adjusted to tailor changing situations (e.g., to adapt the QoS control over PC5 and Uu interfaces when there is congestion on sidelink). In case of OOC, operating remote UE using the configuration provided in SIB or dedicated RRC signaling leads to better overall QoS performance than using pre-configuration.
Due to the lack of serving gNB’s awareness of the remote UE’s connection in L3 relay architecture:
· RAN2 may need to check in WI phase if QoS solutions studied in SA2 is sufficient to enforce E2E QoS via legacy PC5-RRC reconfiguration of SLRB and resource allocation. 
· SL congestion is not considered in QoS handling:
· SL bearers are established regardless of SL congestion;
· Uu part of the configuration cannot be adapted based on the SL congestion.
· UE-AMBR cannot be enforced on the remote UE.
· In case of OOC, the remote UE operates only with the pre-configuration, which may lead to worse performance than using the configuration provided in SIB or dedicated RRC signaling.

D. Service continuity
L2 relay architecture takes NR handover procedure as baseline and guarantees the same level of service continuity during path switch (i.e., lossless and in-sequence delivery of PDCP PDUs of RLC-AM bearers) as during HO with direct Uu connection. 
L3 relay architecture does not provide service continuity (i.e., no guarantee of lossless and in-sequence delivery of PDCP PDUs of RLC-AM bearers) during path switch.
E. Security
In L2 relay architecture, security (confidentiality and integrity protection) is enforced between the remote UE and the serving gNB at AS layer, in the same way as with Uu direct connection, through PDCP layer. AS payload of the remote UE is not disclosed/revealed to the relay UE.
In L3 relay architecture, AS payload of the remote UE is disclosed/revealed to the relay UE. Security of application data relies on the deployment of N3IWF in the network and implementation of N3IWF based solution by the remote UE. 
F. Impact on user plan stack and control plane procedure
In L2 relay architecture,
· The adaptation layer is placed over RLC sublayer for both CP and UP at the Uu interface between the relay UE and the serving gNB. It shields upper layers (e.g., application layer) from the complication of relay operation. It supports the gNB configured/controlled bearer mapping for relayed traffic, with flexible N:1 mapping between Uu radio bearer and RLC bearer.
· Dedicated RRC configuration can be performed on the remote UE, providing the serving gNB with the same level of RRC connection management over the remote UE as in direct Uu connection, which can reduce the interruption/avoid data loss due to RLF recovery, and speed up RRC connection and data resume, etc.
· Paging is supported and DL data reachability is maintained for the remote UE in RRC_IDLE/RRC_INACTIVE states during mobility.
· The relay UE can forward system information to the remote UE via broadcast, groupcast or unicast, which enables unified access control on the remote UE and more flexible configuration of the remote UE than pre-configuration.
In L3 relay architecture,
· The additional IP header, which is needed to support IP based data routing for non-IP traffic, increases the overhead over PC5 and Uu interfaces.
· The inner IP header, which is present in N3IWF based solution, cannot be compressed, and it increases the overhead over PC5 and Uu interfaces.
· Unified access control cannot be applied to the remote UE before a connection is established through the relay UE, even if RAN is already overloaded. Since the serving gNB is not aware of the indirect connection from the remote UE, admission control cannot be performed when the connection of the remote UE is established through the relay UE.
· As no paging monitoring or forwarding for the remote UE is supported by the relay UE, DL data reachability is not guaranteed for remote UE during mobility.
· Given the disregard to the serving gNB, there is no AS procedure to reduce interruption and data loss over RLF on the remote UE’s indirect connection through the relay UE.
Conclusion
L2 relay architecture preserves the design principles and functionalities of NG-RAN in radio resource and connection management, QoS management, service continuity, and security. It maintains the characteristics of 3GPP 5G NR RIT [3].  
L3 relay architecture uses a relay UE as proxy and hides a remote UE from NG-RAN. It debases NG-RAN to an oblivious data pipe, and could jeopardize the conformance of NR RIT to the International Mobile Telecommunications 2020 (IMT-2020) requirements, by depriving NG-RAN of the following functions [3] –
· 5.2.3.2.5	Mobility management (Handover)
· “-	gNB, NG-RAN node providing NR user and control plane terminations towards the UE;”
· “1) Intra-NR handover: Network controlled mobility applies to UEs in RRC_CONNECTED …”
· “Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed between target gNB and source gNB.”
· 5.2.3.2.6	Radio resource management
· “Radio bearer control (RBC): the establishment, maintenance and release of radio bearer involves the configuration of radio resource. This is located in gNB/ng-eNB.”
· “Radio Admission Control (RAC): RAC is to admit or reject the establishment of new radio bearer. It considers QoS requirement, the priority level, overall resource situation. This is located in gNB/ng-eNB.”
· “Connection Mobility Control (CMC): it controls the number of UEs in idle mode and connected mode. In idle mode, cell reselection algorithm is controlled by parameter setting and in the connected mode, gNB controls UE mobility via handover and RRC connection release with redirection.”
· 5.2.3.2.12	Scheduler, QoS support and management, data services
· “At AS level, for each UE, one or multiple data bearers can be established, and QoS Flow to data bearer mapping is controlled by NG-RAN.”
· “QoS profile is provided by 5GC to NG-RAN and is used by NG-RAN to determine the treatment on the radio interface. The ARP as well as other QoS parameters could be used to determine which bearers to prioritise at handover.”
· 5.2.3.2.13	Radio interface architecture and protocol stack
· “For each UE, the NG-RAN establishes one or more Data Radio Bearers (DRB) per PDU Session. The NG-RAN maps packets belonging to different PDU sessions to different DRBs.”
· “AS-level mapping rules in the UE and in the NG-RAN associate UL and DL QoS Flows with DRBs”
· 5.2.3.2.16	Priority access mechanisms
· “NR supports overload and access control functionality such as RACH back off, RRC Connection Reject, RRC Connection Release and UE based access barring mechanisms. One unified access control framework as specified in 3GPP TS 22.261 section 6.22 is applied for NR.”
· “NR broadcasts barring control information associated with Access Categories and Access Identities and the UE determines whether an identified access attempt is authorized or not, based on the broadcasted barring information and the selected Access Category and Access Identities.”
Proposal: TSG RAN should work on the specification of L2 relay architecture in Rel-17. 
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