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1 Introduction
In this paper, we will discuss the architecture and other technology aspects for UE-to-Network relay.
2 Discussion
Based on at which protocol layer the user data packet is available at the Relay UE, it can be classified into Layer-0/Layer-1 relay, Layer-2 relay, and Layer-3 relays.

In RAN plenary, the most controversial issue is the design of the protocol architecture of the Relay UE. Layer-2 relay involves protocol layers above PHY, such that advanced functions are employable at the Relay UE to improve the system performance. Figure 1 illustrates user plane/control plane protocol stacks using a UE-to-Network Layer-2 Relay for NR coverage extension.
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(a) User plane protocol
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(b) Control plane protocol

Figure 1 Protocol stacks using a UE-to-Network Layer-2 Relay
Compared with Layer-3 relay, Layer-2 relay provided increased security and privacy protection, since the Layer-2 relay cannot see the unencrypted IP packet. Meanwhile, layer-2 relay also supports network-controlled mobility, via direct RRC link between the Remote UE and the Network. The disadvantage of a Layer-2 relay is the increased complexity and more specification work for RAN WG. Consider the aforementioned advanced features, it is preferable to study Layer-2 UE-to-Network relay in Rel-17.  
Proposal 1: RAN2 studies Layer-2 UE-to-Network relay in Rel-17.
Multiple Remote UEs with one or more radio bearers can be associated with a same UE-to-Network Relay UE for communication. In NR Uu, there are at most 32 logical channels can be configured. However, multiplexing of traffic from multiple remote UEs onto one Uu radio bearer is required for scalability. For instance, traffic of different Remote UEs with similar QoS requirements can be mapped to a single Uu radio bearer.
Proposal 2: Traffic of one or multiple remote UEs may be mapped to a single radio bearer of the Uu interface.

In designing L2 relay, we think that multiplexing/demultiplexing and the identification of bearers should be defined. For uplink, the Relay UE is required to multiplex the data from different Remote UEs and different radio bearers into a single packet for relaying on Uu interface. The gNB should be able to identify which Remote UE and which radio bearer the data belongs to for demutiplexing. For downlink, on the other hand, multiplexing and demulitplexing is required in gNB and the relay UE, respectively. The relay UE should be able to identify the target UE and the associated radio bearer of the data. 
In LTE and NR sidelink mechanisms, the Source Layer-2 ID and Destination Layer-2 ID fields were introduced in sidelink MAC PDU header to identify the source and the destination UE. Similarly, for the support of the above mentioned function for UE-to-Network Relay, a simple solution to identify the Remote UE is to design a new MAC PDU header or subheader to contain the Remote UE ID and the bearer ID. A schematic example of such new MAC subheader is shown in Figure 2.
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Figure 2 schematic example for new MAC subheader

Proposal 3: New MAC header or subheader is introduced for for (de)multiplexing and identification of bearers.

Note that service continuity is one of the technical aspects to be studied. Rel-17 shall support service continuity when the evolved ProSe Remote UE selects or switches its path between Uu and PC5. Service continuity shall also be supported when both the ProSe Remote UE and the ProSe UE-to-Network Relay UE are moved (i.e. in case of mobility) from one NG-RAN to another NG-RAN. However, due to the limited time for SI phase, we prefer to focus on path switch between Uu and PC5 case.
Proposal 4-1: Rel-17 shall support service continuity at least when the evolved ProSe Remote UE selects or switches its path between Uu and PC5.

In Rel-13, relay link is handled by “release and add” during mobility for Remote UE. It is the Remote UE that selects the target relay when it detects that the link quality of the serving relay UE becomes worse. However, in Uu mobility, the target gNB(s) are selected by the serving gNB, even for the CHO case. Thus, in Figure 3, two path switch solutions are illustrated. 
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Solution 4-1 UE-based path switch solution
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Solution 4-2 Network-based path switch solution
Figure 4 path switch solution for UE-to-Network relay

For solution 4-2, current Uu handover procedure can be reused with small updates. Therefore, it is proposed that 
Proposal 4-2: Solution 3-2 for path switch should be selected as a baseline. 
3 Conclusion

In this contribution, we discuss the architecture and other technology aspects for UE-to-Network relay, and made the following proposals:
Proposal 1: RAN2 studies Layer-2 UE-to-Nework relay in Rel-17.

Proposal 2: Traffic of one or multiple remote UEs may be mapped to a single radio bearer of the Uu interface.
Proposal 3: New MAC header or subheader is introduced for for (de)multiplexing and identification of bearers.

Proposal 4-1: Rel-17 shall support service continuity when the evolved ProSe Remote UE selects or switches its path between Uu and PC5.

Proposal 4-2: Solution 4-2 for path switch should be selected as a baseline. 
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