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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 control plane data between the relay UE and the remote UE is transferred in PC5. In this contribution, we will discuss the architecture and protocol stack of control plane.

2
SA2 background 

In TR 23.713, SA2 defined a PC5 signalling protocol used for control plane signalling over PC5, which is illustrated in Fig.1.
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Fig.1 PC5 Signalling Protocol
It is decided by SA2 that PC5 signalling protocol can be used for establishment of 1:1 ProSe communication. However, for other control plane signalling, e.g., public safety discovery messages, TMGI/cell ID announcement, SA2 has not decided if to been transported in PC5 signalling protocol (i.e., DtC). 
It is also possible that the public safety discovery messages, TMGI/Cell ID messages should be delivered using the ProSe protocol stack (i.e., DtD) which was used for Rel-12 discovery messages as shown in Fig.2.
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Fig.2. ProSe protocol
Observation 1: Currently, SA2 has defined two protocols (i.e., PC5 signalling Protocol and ProSe Protocol) for delivery of control plane messages including public safety discovery messages and TMGI/Cell ID announcement.
Observation 2: SA2 has not decided if one or both of the protocols are used for the transport of UE-Network relay control plane messages.
2
Control Plane options
In Rel-12, we already utilize the RRC layer for control plane messages, i.e., MIB-SL. In Rel-13, the RRC layer can be further extended to support other control plane messages.
Considering the PC5 signalling protocol and ProSe protocol defined in SA2, there are possibly 4 options for the relay UE/remote UE control plane.
2.1 Option-1: Three control plane protocols
It is possible that SA2 will agree to use both ProSe protocol and PC5 signalling protocol for NAS control plane messages, while RAN2 utilizes the RRC protocol for the AS control plane. This control plane architecture is shown in Fig.3. ProSe protocol is responsible for public safety discovery messages and TMGI/Cell ID announcement. PC5 signalling protocol is responsible for secure 1:1 connection setup messages as shown in Fig.4. RRC protocol is responsible for PC5 measurement and mobility control and etc.
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Fig.3 option-1: three control plane protocols
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Fig.4 Establishment of secure layer-2 link over PC5 in TS 23.713
2.2 Option-2: Two control plane protocols
It is possible that SA2 will agree only to only use the PC5 signalling protocol for control plane messages. This control plane architecture is shown in Fig.5. PC5 signalling protocol is responsible for public safety discovery messages and TMGI/Cell ID announcement, and transport of 1:1 connection setup messages. RRC protocol is responsible for PC5 measurement and mobility control and etc.
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Fig.5 Option-2 two control plane protocols
2.3 Option-3: NAS over RRC
The legacy Uu control plane is illustrated in Fig. 6. 
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Fig.6 Legacy Uu control plane
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 both the NAS and AS 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. The protocol stack could be as illustrated in Fig.7.
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Fig.7 Option-3 NAS over RRC

In the PC5 control plane protocol stack, NAS layers including both ProSe layer and PC5 signalling protocol are responsible for:

· Transport of public safety discovery messages, TMGIs/Cell ID announcement.

· Establishment of ProSe 1:1 communication between the relay UE and the remote UE.

RRC layer is responsible for:

· PC5 measurements and information related to link quality;

· Mobility control e.g., selection/reselection of serving nodes;

· MIB-SL broadcast (which is already supported in Rel-12);

· Transport of NAS messages. 

The L2/L1 transport channel could be sidelink communication channel or discovery channel.
2.4 Option-4: Integrated RRC layer
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Fig.8 Option-4: integrated RRC layer
Actually, some the functionalities of ProSe protocol and PC5 signalling protocol designed for UE-Network relay are related to traditional RRC functionalities:

· UE-Network relay discovery message is corresponding to cell discovery in RRC;

· TMGI announcement was specified in SIB-15 in RRC;

· Cell ID is also RRC information;

· The direct communication request message in Fig.4 is corresponding to the RRC connection request message.

First, some RRC procedures (e.g., relay selection/reselection) need the information elements included in the relay discovery message. Further, the initiation of these messages (e.g., direct connection request, relay discovery) needs to be controlled by RRC layer. Some response message to direct connection request may also need to be defined in RRC.
Observation 3: Some messages defined in ProSe protocol and PC5 signalling protocol for UE-Network relay are related to RRC functionalities.
Observation 4: Some RRC procedures (e.g., relay discovery, selection/reselection) need the information elements included in the relay discovery message.
Observation 5: the initiation of some messages (e.g., direct connection request, relay discovery) needs to be controlled by RRC layer.

We can specify these functionalities in RRC layer as shown in Fig.8 to streamline interaction between these protocols.

While the RRC layer is responsible for:
· Layer 2 link establishment between the remote UE and the relay UE (PC5);

· PC5 measurements and information related to link quality;;

· Mobility control, e.g., selection/reselection of serving nodes;

· MIB-SL broadcast (which is already supported in Rel-12);
· Broadcasting public safety discovery messages, TMGI(s), cell ID. 

· Transport of NAS messages, including the authentication and security related messages defined in PC5 signalling protocol.

The L2/L1 transport channel could be sidelink communication channel or discovery channel.

3
Conclusion

In this contribution, we first analyzed the background of SA2 study.

Observation 1: Currently, SA2 has defined two protocols (i.e., PC5 signalling Protocol and ProSe Protocol) for delivery of control plane messages including public safety discovery messages and TMGI/Cell ID announcement.
Observation 2: SA2 has not decided if one or both of the protocols are used for the transport of UE-Network relay control plane messages.
Then we proposed 4 different control plane options. For option 1/2/3, RRC protocol has to interact with other control plane protocols to get control plane information. For example, when RRC performs relay discovery, selection/reselection, RRC layer needs to get discovery message information from other control plane protocols. 
Observation 3: Some messages defined in ProSe protocol and PC5 signalling protocol for UE-Network relay are related to RRC functionalities.
Observation 4: Some RRC procedures (e.g., relay discovery, selection/reselection) need the information elements included in the relay discovery message.

Observation 5: the initiation of some messages (e.g., direct connection request, relay discovery) needs to be controlled by RRC layer.

Observation 6: For option 1/2/3, RRC protocol tightly couples with ProSe protocol and PC5 signalling protocol in term of relay discovery, selection and connection setup.

To streamline the interactions among these control plane protocols, we tend to support option 4 to have an integrated control plane protocol, i.e. RRC protocol.

Proposal 1: RAN2 is requested to agree on an integrated control plane protocol.

Proposal 2: RAN2 is requested to ask SA2 to specify some RRC related functionalities of ProSe protocol and PC5 signalling protocol in RRC protocol as option 4.
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