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1 Introduction

In this contribution, we describe the signalling procedures required to support UE-NW relaying and service continuity. These signalling procedures cover scenarios where the UE is in coverage or out of coverage. The justification for these scenarios can be found in [1].
2 Discussion
The requirement for service continuity in [2] states that “the system shall be able to move a user traffic session of a Public Safety ProSe-enabled UE that is losing connection to the network to a direct ProSe Communication path via a Public Safety ProSe-enabled UE acting as a ProSe UE-to-network relay, which is in direct Communication Range and has connectivity to the network. A mechanism to support service continuity shall be provided and may apply when the traffic is moved.” Thus, new signaling procedures are needed to enable and support the requirement for service continuity. 

Figure 1 depicts a ProSe UE-NW relay. This includes the case where the UE is out of network coverage, i.e., no PDN connection established, and the case where the UE is going out of coverage, or coming in coverage, i.e., with PDN connection established.
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Figure 1 ProSe UE-to-Network Relay (Figure 7.2.1.2.1 TR 23.713 V1.0.0 )
In [1] several scenarios are presented and analysed. To realize the connection over PC5, we think SL-SCH can be used as it is defined for out of coverage use. This means no signalling should be required to setup its resources.
Proposal 1 The PC5 bearer between the remote UE and the ProSe UE-to-Network Relay uses preconfigured resources for out of coverage. This implies there is no need for any provisioning of resources for this bearer.

As identified in [1] there are two signaling sequences to investigate from a RAN2 perspective. 
1)
Connection/switch triggered by an OoC remote UE (used for scenarios 1-1 and 2-3 in [1])
2)
 Connection/switch for an InC remote UE triggered by the eNB (used for scenario 2-2 in [1])
The signaling sequences are developed further below.
2.1 Connection/switch triggered by an OoC remote UE 
In this signalling sequence the remote UE is out of network coverage. This procedure is initiated by the Remote UE. Below a signalling chart and a table explaining each message can be found.
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Remote_UE is Out of Coverage

msg-1(RAN) Relay_Discovery channel (re)configuration

msg-2(RAN) Measurement Report trigger/(re)configuration

msg-3(RAN) Unicast/Broadcast relay request

(Optional: only used for "Remote UE initiated" relay discovery)

PC5 Relay_Discovery transport channel

msg-4(RAN) Relay service broadcast/unicast

PC5 Relay_Discovery transport channel

E-UTRAN-assisted relay discovery

(L3) Authentication and establishment of security association

PC5 Communication transport channel

UE-Relay connection setup

msg-5(RAN) Measurement Report (related to remote UE)

(EPC+RAN) Bearer reconfiguration

Route reconfiguration

msg-6(L3) (N)ACK to provide relayed connection

PC5 Communication transport channel

UE-Relay connection acknowledgement

Remote_UE starts data transmission on PC5
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Figure 2 Connection/switch triggered by an OoC remote UE
	Message number
	Sender
	Recipient
	Protocol
	Transport channel
	Purpose

	1
	eNB
	Relay UE
	RRC
	DL-SCH
	Set up the Relay Discovery Channel. Can be implemented in RRCConnectionReconfiguration.

	2
	eNB
	Relay UE
	RRC
	DL-SCH
	Configure the Relay UE to report measurements of the PC5 channel. Can be implemented in MeasurementConfiguration

	3
	Remote UE
	Relay UE
	“PC5-C control”
	SL-RCH
	Inform the Relay UE that the Remote UE is looking for a relay. This message is optional, depending on the discovery model is used.

	4
	Relay UE
	Remote UE
	“PC5-C control”
	SL-RCH
	Inform the Remote UE which service the Relay UE provides.

	Remote UE <-> Relay UE
	PC5 Signalling Protocol
	SL-SCH
	The connection over PC5 is established, including authentication and setup of security. 

	5
	Relay UE
	eNB
	RRC
	UL-SCH
	Inform the eNB about the channel conditions on the PC5 channel. Can be implemented as MeasurementReport.

	6
	Relay UE
	Remote UE
	PC5 Signalling Protocol
	SL-SCH
	Inform the Remote UE that the channel setup is complete (or has failed in case of failure).


Table 1 – Messages for the Connection/switch triggered by an OoC remote UE
2.1.1 PC5 transport options

The sequence above introduces two things, a new sidelink transport channel, SL-RCH, a new PC5 transport option “PC5-C”, and a new protocol, “PC5-C control” mapped on that transport channel.
The SL-SCH should be used for the PC5 communication between the Remote UE and the Relay UE once the connection is set up, including the “Establishment of secure layer-2 link over PC5” procedure described in TR 23.713. This “PC5-U” transport option provides great flexibility due to protocol discriminator in PDCP, addressing support, variable message support, and possibly RLC-AM. The PC5-U protocol stack (taken from TR 23.713) for “PC5-U” is depicted in Figure 3 below. The PC5 Signalling Protocol provides a NAS-like control plane for PC5.
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Figure 3 PC5 Signalling Protocol Stack for PC5-U (TR 23.713)
In the LS from SA2 [3] about public safety discovery, SA2 asks on input on whether the PC5 Signalling Protocol is suitable for public safety discovery, TMGI advertisement and Cell ID announcement procedures. The TMGI advertisement and Cell ID announcement mentioned in the SA2 LS will most probably also benefit from using the “PC5-U” transport option. Depending on the sizes on the messages, they may alternatively be able to use the PC5-D transport option (fixed message size need to be taken into account), or the new proposed PC5-C transport option.
That leaves the question for how to carry the e.g. UE-to-Network Relay Discovery, such as messages 3 and 4 in the above sequence. Message 4 carries information useful for the Remote UE to select a Relay UE. Such information could include also RAN-related information such as channel conditions to the eNB, load, etc. This could also include information for both L2 and L3. As SL-DCH is transparent to L2 it is not a very useful channel for this purpose. Message 4 is sent periodically for remote UEs to be able to detect the Relay UE. This would mean that the SL-BCH could be a suitable transport channel candidate, but it lacks the necessary flexibility. If there are multiple Relay UEs close to each other, they will most likely be synchronized, which means that SL-BCHs could interfere with each other, which could make it difficult for the Remote UE to receive the information. Lastly, SL-SCH may be too inefficient for periodic transmissions, and we don’t think the PC5 signalling Protocol is suitable for carrying RAN-related information. Hence, we think RAN2 should investigate the possibility to introduce a new sidelink transport channel, Sidelink Relay Channel, SL-RCH. RAN1 should be tasked to provide a suitable physical channel. It can be noted that the Remote UE needs to have a preconfiguration of SL-RCH.
The SL-RCH would therefore be very similar to SL-DCH except that it would include the MAC header from SL-SCH, which would be useful to identify measurement reports and that the content would be different from the Rel-12 Direct Discovery payload.

“PC5-C control” would provide the necessary control plane signalling on the SL-RCH. “PC5-C control” could potentially be realized by RRC, as RRC already provides the SL-MIB, which is part of the control plane for PC5. An example of a protocol stack for PC5-C is depicted below.
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Figure 4 PC5-C Protocol Stack
Proposal 2 Introduce a new PC5-C transport option, based on a new sidelink transport channel (“SL-RCH”) to be used for relay discovery.
Proposal 3 “SL-RCH” uses MAC headers similar to SL-SCH.

Proposal 4 The payload of “SL-RCH” is different from Rel-12 Direct Discovery payload.

Proposal 5 Introduce an RRC procedure to set up “SL-RCH”.

Proposal 6 Introduce a relay discovery procedure using “SL-RCH”.

Proposal 7 Send an LS to RAN1 to provide a suitable physical channel for “SL-RCH”.

Proposal 8 Send a reply LS to SA2, stating that neither the PC5-D nor PC5-U transport options are suitable for UE-to-Network Relay Discovery. Instead, new transport channel should be introduced. For TMGI advertisement and eMBMS relay and Cell ID announcement procedure RAN2 thinks that PC5-U is the most flexible option.
2.2 Connection/switch for an InC remote UE triggered by the eNB
In this signalling sequence the remote UE is in network coverage. The purpose of this scenario is to maintain connectivity to the network while moving out of coverage from the eNB. This procedure is initiated by the eNB. Below a signalling chart and a table describing the messages can be found. 
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Remote_UE is In Coverage

msg-1(RAN) Relay_Discovery channel (re)configuration

msg-2(RAN) Relay_Discovery channel (re)configuration

msg-3(RAN) Measurement Report trigger/(re)configuration

msg-4(RAN) Measurement Report trigger/(re)configuration

msg-5(RAN) Unicast/Broadcast relay request

(Optional: only used for "Remote UE initiated" relay discovery)

PC5 Relay_Discovery transport channel

msg-6(RAN) Relay service broadcast/unicast

PC5 Relay_Discovery transport channel

msg-7(RAN) Measurement Report (for one or more Relay UEs)

msg-8(RAN) Measurement Report (for the remote UE)

E-UTRAN-assisted relay discovery

msg-9(RAN) RRCConnectionReconfiguration ("You shall connect to Relay_UE")

L3: Authentication and establishment of security association

PC5 Communication transport channel

UE-Relay connection setup

(EPC+RAN) Bearer reconfiguration

Route reconfiguration

msg-10(L3) (N)ACK to provide relayed connection

PC5 Communication transport channel

UE-Relay connection acknowledgement

Remote_UE switches data path to PC5

RRCConnectionRelease

RRC Connection Release
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Figure 5 Connection/switch for an InC remote UE triggered by the eNB
	Message number
	Sender
	Recipient
	Protocol
	Transport channel
	Purpose

	1
	eNB
	Relay UE
	RRC
	DL-SCH
	Set up the Relay Discovery Channel. Can be implemented in RRCConnectionReconfiguration.

	2
	eNB
	Remote UE
	RRC
	DL-SCH
	Corresponds to msg-1.

	3
	eNB
	Relay UE
	RRC
	DL-SCH
	Configure the Relay UE to report measurements of the PC5 channel. Can be implemented in MeasurementConfiguration

	4
	eNB
	Remote UE
	RRC
	DL-SCH
	Corresponds to msg-3.

	5
	Remote UE
	Relay UE
	“PC5-C control”
	SL-RCH
	Inform the Relay UE that the Remote UE is looking for a relay. This message is optional, depending on the discovery model is used.

	6
	Relay UE
	Remote UE
	“PC5-C control”
	SL-RCH
	Inform the Remote UE which service the Relay UE provides.

	Remote UE <-> Relay UE
	PC5 Signalling Protocol
	SL-SCH
	The connection over PC5 is established, including authentication and setup of security. 

	7
	Remote UE
	eNB
	RRC
	UL-SCH
	Inform the eNB about the channel conditions on the PC5 channel. Can be implemented as MeasurementReport

	8
	Relay UE
	eNB
	RRC
	UL-SCH
	Corresponds to msg-7.

	9
	eNB
	Remote UE
	RRC
	DL-SCH
	Inform the Remote UE to connect to the Relay UE. Can be implemented in MobilityControlInfo.

	10
	Relay UE
	Remote UE
	PC5 Signalling Protocol
	SL-SCH
	Inform the Remote UE that the channel setup is complete (or has failed in case of failure).


Table 2 – Messages for Connection/switch for an InC remote UE triggered by the eNB
The astute reader immediately notices that this procedure is very similar to the previous one and many messages are the same. We make use of the new transport channel SL-RCH and “PC5-C control” also here.
Proposal 9 Introduce an RRC procedure to order a UE to connect to a Relay UE.

2.3 Reducing the Required Signaling
In Figures 2 and 3, a remote UE, whether in or out of coverage, which initiates a connection request will receive replies from all the Relay UEs in the vicinity. This is inefficient, and leads to increased interference and congestion.
Therefore, we propose that the Relay UE is configured to reply to the Remote UE when certain criteria are fulfilled, such as the channel quality on PC5 is above a certain threshold or, there is some type of prioritization flag in message 3 or it is sent on resources reserved for prioritization e.g. Imminent Peril or Emergency. The Relay UE can also wait with replying to the Remote UE based on channel quality.

Proposal 10 Introduce criteria on when a Relay UE can be involved in service continuity or relaying.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The PC5 bearer between the remote UE and the ProSe UE-to-Network Relay uses preconfigured resources for out of coverage. This implies there is no need for any provisioning of resources for this bearer.
Proposal 2
Introduce a new PC5-C transport option, based on a new sidelink transport channel (“SL-RCH”) to be used for relay discovery.
Proposal 3
“SL-RCH” uses MAC headers similar to SL-SCH.
Proposal 4
The payload of “SL-RCH” is different from Rel-12 Direct Discovery payload.
Proposal 5
Introduce an RRC procedure to set up “SL-RCH”.
Proposal 6
Introduce a relay discovery procedure using “SL-RCH”.
Proposal 7
Send an LS to RAN1 to provide a suitable physical channel for “SL-RCH”.
Proposal 8
Send a reply LS to SA2, stating that neither the PC5-D nor PC5-U transport options are suitable for UE-to-Network Relay Discovery. Instead, new transport channel should be introduced. For TMGI advertisement and eMBMS relay and Cell ID announcement procedure RAN2 thinks that PC5-U is the most flexible option.
Proposal 9
Introduce an RRC procedure to order a UE to connect to a Relay UE.
Proposal 10
Introduce criteria on when a Relay UE can be involved in service continuity or relaying.
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