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1
Introduction
This WI specified solutions to enable single-hop, sidelink-based, L2 and L3 based U2U relay, enhance service continuity for single-hop Layer-2 U2N relay, and enable multi-path operation using both direct path and PC5 or N3C indirect path.

2
Description
This WI specified solutions to enable single-hop Layer-2 and Layer-3 UE-to-UE (U2U) relay for unicast, enhance service continuity for single-hop Layer-2 UE-to-Network (U2N) relay, and enable multi-path operation in which a remote UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 U2N relay UE using PC5 link, or 2) via N3C (Non-3GPP Connection) relay UE.
2.1
UE-to-UE Relay
5G ProSe UE-to-UE Relay (U2U Relay) function is introduced to provide connectivity between U2U Remote UEs. For the coverage extension, the U2U Remote UE can communicate with the peer U2U Remote UE(s) which are not reachable within the sidelink coverage. A U2U Relay UE provides coverage extension of the sidelink transmissions between two U2U Remote UEs. For U2U Relay, NR sidelink is supported between U2U Relay UE and U2U Remote UEs.
The U2U Relay UE and U2U Remote UE can be in any RRC state. The U2U Relay UE and the U2U Remote UEs can be in the coverage of different cells, partially in-coverage, or out-of-coverage. Both L2 and L3 U2U Relay architectures are supported. The L3 U2U Relay architecture is transparent to the AS layer of the U2U Relay UE. 
In order to enable remote UE and relay UE to identify each other and to establish sidelink connection, sidelink discovery is used. The U2U Remote UE and U2U Relay UE can perform Relay discovery message transmission or DCR message with integrated discovery transmission and may monitor for Relay discovery message or DRC message with integrated discovery while in coverage (i.e. RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED) or out-of-coverage. The U2U Remote UE performs radio measurements (i.e., SD-RSRP and/or SL-RSRP) at PC5 interface and uses them for U2U Relay selection and reselection along with higher layer criteria. 
After NR sidelink establishment between U2U Relay UE and U2U Remote UEs, end-to-end PC5 unicast link connection establishment is performed between U2U Remote UEs. Only unicast is supported between U2U Relay UE and U2U Remote UEs.
2.1.1
L2 U2U Relay: Protocol Architecture
In order to support bearer mapping between sidelink connection between remote UEs via relay UE, the SRAP sublayer is placed above the RLC sublayer in each hop-by-hop PC5 link. The header of SRAP sublayer carries remote UE identification and bearer identification, in order for relay UE to perform packet forwarding between the two remote UE sides. The sidelink SDAP, PDCP and RRC are terminated between two L2 U2U Remote UEs (i.e., end-to-end), while SRAP, RLC, MAC and PHY are terminated in each hop-by-hop PC5 link.
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Figure 2.1.1-1: User plane protocol stack for L2 UE-to-UE Relay
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Figure 2.1.1-2: Control plane protocol stack for L2 UE-to-UE Relay

2.1.2
L2 U2U Relay: Control Plane Procedure
The L2 U2U Remote UE, L2 U2U Relay UE, and peer L2 U2U Remote UE perform discovery procedure or integrated discovery procedure. The L2 U2U Remote UE establishes end-to-end PC5-RRC connection and end-to-end SL-SRB/DRBs with the peer L2 U2U Remote UE via the selected L2 U2U Relay UE before user plane data transmission.
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Figure 2.1.2-1: Procedure for L2 U2U Remote UE connection establishment
2.2
Service Continuity for L2 U2N relay
The single-hop Layer-2 UE-to-Network (U2N) relay function is enhanced to support the following additional service continuity scenarios:

A. Inter-gNB indirect-to-direct path switching 

B. Inter-gNB direct-to-indirect path switching 

C. Intra-gNB indirect-to-indirect path switching 

D. Inter-gNB indirect-to-indirect path switching 
For inter-gNB path switching, it is the source gNB that selects the target path type (i.e. direct or indirect). For inter-gNB path switching to the indirect path, the source gNB sends a list of candidate relay UEs belonging to the same target cell to the target gNB, and the target gNB can select an L2 U2N Relay UE in any RRC state i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED, as a target L2 U2N Relay UE.
2.3
Multi-path Relay
In multi-path relay, a MP Remote UE is connected to a single gNB via one direct path and one indirect path while the MP Remote UE is in RRC_CONNECTED state. For the indirect path, the interface between MP Remote UE and MP Relay UE can be either PC5 or N3C (Non-3GPP Connection). When the interface between MP Remote UE and MP Relay UE is N3C interface, the relationship of MP Remote UE and MP Relay UE is pre-configured or static, and it is up to implementation how to pre-configure or make it static. The MP Relay UE and MP Remote UE should be served by the same cell or different intra/inter-frequency cells of the same gNB.
For the indirect path, both L2 and L3 MP Relay architectures are supported. The L3 MP Relay architecture is transparent to the serving NG-RAN of the MP Relay UE, except for controlling sidelink resources. 
From L2 MP Remote UE perspective, three bearer types exist: direct bearer, indirect bearer, and MP split bearer. For direct bearer, only Uu radio resources are involved, and for indirect bearer, only PC5 or N3C radio resources are involved. For MP split bearer, both Uu and PC5/N3C radio resources are involved. Packet duplication is supported for a MP split bearer. If PDCP PDU duplication is activated, duplicated PDCP PDUs are delivered via both direct path and indirect path.
2.3.1
L2 MP Relay using PC5 indirect path: Protocol Architecture
For multi-path relay operation by using PC5 indirect path, the SRAP sublayer is placed above the RLC sublayer for both CP and UP at both PC5 interface and Uu interface of the indirect path. 
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Figure 2.3.1-1: User plane protocol stack for L2 Multi-path Relay using PC5 indirect path
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Figure 2.3.1-2: Control plane protocol stack for L2 Multi-path Relay using PC5 indirect path
In the case of MP Remote UE using PC5 indirect path, mode 1 resource allocation is supported at least only for intra-DU case, with the SR/BSR and grant sent on the direct path. 
2.3.2
L2 MP Relay using N3C indirect path: Protocol Architecture
In the multi-path relay using N3C indirect path, the SRAP sublayer does not exist on the protocol stack. More than one RB over the Uu link of the L2 MP Relay UE can be supported by configuring 1:1 bearer mapping between the Radio bearer in the L2 MP Remote UE and Uu Relay RLC channel in the L2 MP Relay UE. 
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Figure 2.3.2-1: User plane protocol stack for L2 Multi-path Relay using N3C indirect path
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Figure 2.3.2-2: Control plane protocol stack for L2 Multi-path Relay using N3C indirect path

2.3.2
L2 MP Relay: Control Plane Procedure
The L2 MP Remote UE establishes both a direct path and an indirect path for multi-path relaying. For L2 MP Remote UE, only a single cell group is configured (i.e., only MCG is configured for the direct path and indirect path). PCell is always on the direct path. The primary path of split SRB1 and SRB2 is always configured on direct path. In the L2 MP Remote UE, non-split SRB1/2 is allowed to be configured only on direct path.
For L2 MP Relay using PC5 indirect path, the control plane procedure supports addition of the indirect path on top of the only direct path under the same gNB and addition of the direct path on top of the only indirect path under the same gNB. 
For L2 MP Relay using N3C indirect path, the control plane procedure supports addition of the indirect path on top of the only direct path under the same gNB. But, addition of the direct path on top of the only N3C indirect path is not supported.
When the L2 MP Remote UE detects Uu Radio Link Failure (RLF) on the direct path, the L2 MP Remote UE triggers path failure reporting through the indirect path via a RRC message if split SRB1 is configured and the indirect path is not suspended. Otherwise, RRC connection re-establishment is initiated. On the other hand, the L2 MP Remote UE detects PC5 Radio Link Failure (RLF) on the indirect path, the L2 MP Remote UE triggers path failure reporting through the direct path via a RRC message if split SRB1 or non-split SRB1 is configured and the direct path is not suspended. The PC5 RLF detection includes PC5 link failure and/or Uu link failure on the indirect path.
The L2 MP Remote UE can acquire any necessary SIB(s) over Uu interface or indirect path, or the system information via dedicated RRC signalling via SRB1.
3
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