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1 Introduction
In RAN#71, study item to define a generic UE-to-Network Relay architecture is approved to target wearable devices use cases, and the remote UE shall be identify, address and reachable for the network [1].  Related SA objectives for wearable device such as security, billing and low power consumption were identified in SA plenary discussions [2].  SA1 is still working on this but based on discussion so far, output requirements could be like the following:
· Security: End to end security between the remote UE and E-UTRAN, i.e. traffic is secure from the relay UE
· VoIP and other real time services may be considered
· Remote UE and relay UE may have different ownership, i.e. different profiles in HSS
· Billing/charging shall be possible for the remote UE and relay UE separately
· QoS shall be studied at least for the case of LTE sidelink
The final results could be different, but this list can help RAN2 work to start as a “best guess”. In this contribution, the L2 UE Relay concept, protocol stack architectures including the control plane and the user plane and three classes L2 UE Relay mode based on the L2 UE Relay protocol stack architecture are presented.  L2 UE Relay protocol stack architecture involves the non-3GPP technology as short range wireless connection which only provides transport path where eNB can manage the remote UE as normal LTE cellular connected UE. Accounting for the three classes L2 UE Relay mode, the candidate L2 UE Relay architecture can meet the basic above requirement for the remote UE.

2 Discussion
Concept of L2 UE Relay
L2 UE Relay means that forwarding layer for the data or signaling of a remote UE is located the radio layer such as PDCP, RLC, or even MAC sublayer between a UE and eNB.  This paper shows PDCP relay as an example, however the same basic ideas could be applied for other sublayers.
User plane stack for L2 UE Relay
 Figure 2-1 illustrates the protocol stack of L2 UE Relay where packets of the Remote UE are routed to eNB via the S-GW serving for remote UE and delivered to PDCP entity of the remote UE. The eNB has a PDCP protocol entity to communicate with PDCP of the remote UE, but it delivers through lower layers of the RRC connection for the relay UE (details would be for eNB implementation to decide).
After the eNB handles the packets of remote UE in the PDCP entity which belongs to remote UE, these packets will be forwarded to the low layer entities of radio bearers for the relay UE, so that  the relay UE can transmit these packets to the remote UE via the short range link such as Prose link ,BT link or WiFi link. If the transmission reliability of a packet is necessary, the RLC layer could be configured under the PDCP layer both in remote UE and eNB , or use separate reliability on Uu interface to relay UE (RLC) and short range interface to remote UE (protocol depending on the short range radio).  The relay UE can forward each packet to the eNB or to the remote UE through the PDCP layer (Note: whether any PDCP layer processing exists in relay UE is FFS, it could be completely transparent or not) or other layer,  without any impact on the non-3GPP specifications such as WiFi.  
 In this protocol stack, the short range link only provides the transport path and could not be sensed by eNB.  It could use any transport in principle, as long as the remote UE can implement PDCP on top of the short range protocol stack.  However the remote UE and eNB need to route received packets to the correct PDCP entity, for instance separating different DRBs if supported, or separating DRBs from SRBs if supported. Some mapping relation between the Uu interface and short range interface would be needed.


Figure 2-1

Control plane stack 
Figure 2-2 shows the control plane stack of L2 UE Relay where the PDCP layer may not exist in some alternatives, same as in user plane. The PDCP layer in Figure 2-2 is one kind of example which only takes the role of data forwarding without e.g. security handling action. The control plane stack is based on the user plane stack of L2 UE Relay. The role of RRC control locates on eNB not Relay UE such that the Relay UE provides the data transmission path only.
Due to no RRC entity in the relay UE for the remote UE, the encryption and integrity protection of signaling are executed on the remote UE and eNB without relay UE action.  This aspect helps to meet the security requirement, the relay UE does not get access to the remote UE traffic as today in ProSe UE Relay design.
Because PDCP goes end to end from eNB to remote UE, our understanding is that this design is not a change to LTE security design.  Basically the relay UE is in the same position as an eavesdropper, so it is exactly the same scenario that the security is already designed for.  The same applies to relaying at any lower layer as long as it does not touch PDCP.  This understanding would need confirmation with SA3 if RAN2 would adopt such a design, but we consider that it should not create any major impact (e.g. no work item needed to cover SA3 actions).


.
Figure 2-2



L2 relay mode based on above L2 UE Relay protocol stack

There are three possible classes of bi-directional L2 UE Relay mode, considering in coverage case:
1) Class 1 L2 UE Relay mode: Firstly the remote UE shall be established a direct cellular link to eNB for control plane procedures, then a relay link for the remote UE would be established which is controlled by the network, after the remote UE find a UE capable to be a UE-to-Network relay. The L2 UE Relay link is established by eNB so that the remote UE can save most of power consumption due to remote UE transmission via the relay UE. Whether the remote UE still needs to keep its LTE radio operating e.g. for control plane communications directly from eNB is FFS.
2) Class 2 L2 UE relay mode: the remote UE camps on the cell using direct cellular link in idle mode, where it can monitor the system messages, paging messages. Messages of CP of the remote UE, including NAS messages, can be transmitted on the L2 UE Relay link that can enhance the effects of power saving for the remote UE.

Class 1 L2 UE Relay mode can be observed that most of EPC connection procedures can reuse the current LTE procedures because a control plane cellular link existing before  data transmission via L2 UE Relay link for remote UE.  So the initial attach, including security procedures like AKA for the remote UE are same as in current LTE specification. Other procedures needed on control plane could be done on cellular link in the same way.  Moreover according to the above user plane stack the S1endpoint of remote UE is separate in eNB from the S1 endpoint of relay UE which means core network can not sense if the data packets of remote UE go through the relay UE (however this information could still be provided on S1 interface if needed). The class 1 L2 UE Relay mode can meet the above basic requirements and change S1 interface and CN as little as it can, possibly no S1/CN impact at all. 
 
Class 2 L2 UE relay mode is based on Class 1 L2 UE Relay mode and some enhancement on control plane to meet more strict power consumption requirement for wearable device (e.g. due to form limitation, long battery life requirement, and so on). Since the eNB manages the remote UE context as if it is directly connected with eNB according to the CP protocol stack, the most of RRC procedures and NAS procedures are same as the current LTE standards even though via the relay link path.    On the other hand, the procedures of idle mode in the remote UE have no change.  Class 2 L2 UE Relay mode not only meets the basic requirement of MNOs but also change S1/CN as little as Class 1 L2 UE Relay mode.


3 Conclusion
Proposal 1: RAN2 is requested to consider the presented L2 UE Relay architecture and what scope it would need in a study item.
Proposal 2: In terms of bi-directional relay, Classes 1 and 2 as described above are treated as the same priority.  .
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