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1
Introduction
RAN#66 meeting approved the eD2D WID [1], which includes UE-to-Network Relay.
	1) Define enhancements to D2D communication to enable the following features:

a) Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)


It is clear from the description that the UE-to-Network relay should be L3-based, which means that the relay UE forwards IP packets to/from remote UEs. However, it is still not clear how the user plane data of remote UEs is transmitted in PC5 and Uu interfaces, and how the control plane data between the relay UE and the remote UE is transferred in PC5.
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Fig.0 Scenario of UE-to-Network Relay

In this contribution, we will discuss the architecture and protocol stack of user plane and control plane.
2
User Plane
From the WID of eD2D, it is clear that the UE-to-Network is L3 based. This means that the IP layer of relay UE is responsible for forwarding the IP packets to/from remote UEs from/to the network. The protocol stack can be illustrated as in Fig.1.
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Fig.1 Protocol stack for UE-to-Network Relay

Based on SA2’s discussion [2], both multicast traffic and unicast traffic should be supported by the UE-to-Network relay. Therefore, in the AS layers sidelink unicast communication between the relay UE and the remote UE should be supported.
Proposal 1: To support unicast services for remote UEs, sidelink unicast communication between the relay UE and the remote UE should be supported.
Proposal 2: RAN2 is requested to agree on the proposed user plane protocol stack.
For sidelink unicast communication, there could be multiple sidelink radio bearers between a remote UE and a relay UE to transfer data of different services (e.g., voice, video and etc.). Correspondingly one or more uplink/downlink radio bearers could be established in the Uu interface. One open issue is how the sidelink radio bearers are mapped to the Uu radio bearers. The possible options are listed in Table-1, while the pros and cons of each option are analyzed in Table-2.
Table-1 Options of mapping between sidelink RBs to Uu bearers
	Options
	Description

	Option-1: All sidelink radio bearers of remote UEs are mapped to one Uu/EPS bearer which is shared with the relay UE
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	Option-2: Different sidelink radio bearers of a remote UE are mapped to different Uu/EPS bearers which are shared with the relay UE
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	Option-3: All sidelink radio bearers of remote UEs are mapped to one Uu/EPS bearer which is different  from the radio bearers of the relay UE
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	Option-4: Each sidelink radio bearer of a remote UE is mapped to one Uu/EPS bearer which is different from the radio bearers of the relay UE
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Table-2 Pros and Cons of each user plane option
	Options
	Pros
	Cons

	Option-1
	The number of Uu radio bearers does not need to be extended.
	No differentiation of the traffic of the remote UE in E-UTRAN. QoS of the remote UE’s traffic cannot be guaranteed.

	Option-2
	The QoS of the remote UE’s traffic can be guaranteed at least in E-UTRAN.

The number of Uu radio bearers does not need to be extended.
	Complexity: The network could be involved to identify the QoS requirements of each sidelink radio bearer, and links the SL radio bearer to the corresponding Uu radio bearers of relay UEs.

	Option-3
	The traffic of remote UEs and the relay UE can be distinguished by the bearer IDs in P-GW, or tunnelled to different P-GWs.
	The number of Uu radio bearers may need to be extended, at least at the relay UE.
Complexity: The network needs to be aware of remote UEs and maintain separate radio bearers through the relay UE for remote UEs.

	Option-4
	The QoS of the remote UE’s traffic can be guaranteed at least in E-UTRAN.

The traffic of remote UEs and the relay UE can be distinguished by the bearer IDs in P-GW, or tunnelled to different P-GWs.
	The number of Uu radio bearers may need to be significantly extended, at least at the relay UE.
Complexity: The network needs to be aware of remote UEs and maintain separate radio bearers for each remote UE through the relay UE.


SA2 is discussing service continuity and how the PGW distinguishes the traffic of each remote UE. At this stage RAN2 may be best served by waiting for the inputs from SA2 and then discussing the possible RAN2 impacts.

Proposal 3: RAN2 may wait for inputs from SA2 before discussing the mapping between sidelink radio bearers and Uu radio bearers.

3
Control Plane

The legacy Uu control plane is illustrated in Fig. 2 [3]. The NAS layer is responsible for security control, authentication, QoS, etc. while the RRC layer is responsible for MIB/SIBs broadcast, RRC connection management and so on. In the PC5 interface, some functions of NAS and RRC are also applicable to the UE-to-Network relay. Therefore, the architecture of Uu control plane protocol stack can be largely reused for the UE-to-Network relay, as shown in Fig.3. 
Proposal 4: Architecture of Uu control plane protocol stack can be largely reused for UE-to-Network relay.
Proposal 5: Messages defined in ProSe layer are considered NAS message, which are delivered over RRC layer.
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Figure 2 Uu Control-plane protocol stack
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Fig.3 Overview of PC5 control plane protocol stack
In the PC5 control plane protocol stack, a NAS layer which could be the ProSe layer is responsible for:

· Handling ProSe layer control signalling and procedures defined by SA2.
While the RRC layer is responsible for:
· Layer 2 link management between the remote UE and the relay UE if needed;

· Mobility control if needed;

· MIB-SL broadcast (which is already supported in Rel-12);
· Transport of NAS messages, e.g., broadcasting relay related information including relay discovery messages, TMGI(s), cell ID and etc., which could be included in NAS messages (e.g., ProSe messages). 

In L2/L1 of the control plane, it is possible to use D2D discovery or D2D communication transport channels for RRC message delivery. If the message size and latency requirements can be met, some RRC messages can be transmitted over the ProSe discovery transport channel to improve the efficiency; else the RRC messages can be transmitted over the ProSe communication channel. The RRC layer can control and decide which transport channel is used to transmit specific RRC messages.
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Fig.4 detailed PC5 control plane protocol stack
Proposal 6: Both ProSe discovery and ProSe communication transport channels can be used to deliver RRC messages.
Proposal 7: RRC layer controls and decides which transport channel is used to transmit specific RRC messages.

4
Conclusion

In this contribution, we discussed the architecture and protocol stack of the user plane and control plane for ProSe UE-to-Network relay. We have the following proposals:

Proposal 1: To support unicast services for remote UEs, sidelink unicast communication between the relay UE and the remote UE should be supported.
Proposal 2: RAN2 is requested to agree on the proposed user plane protocol stack.
Proposal 3: RAN2 may wait for inputs from SA2 before discussing the mapping between sidelink radio bearers and Uu radio bearers.
Proposal 4: Architecture of Uu control plane protocol stack can be largely reused for UE-to-Network relay.

Proposal 5: Messages defined in ProSe layer are considered NAS message, which are delivered over RRC layer.
Proposal 6: Both ProSe discovery and ProSe communication transport channels can be used to deliver RRC messages.

Proposal 7: RRC layer controls and decides which transport channel is used to transmit specific RRC messages.
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