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1 Introduction

In this contribution, we describe the signalling procedures including the content required to support UE-NW relay selection. These signalling procedures cover scenarios where the UE is in coverage or out of coverage, and where the procedure is triggered by either the remote UE or the relay UE. We also argue for the introduction of a new transport channel for Relay discovery.
2 Discussion

In order to enable and support the requirement for UE-NW relay selection new signalling procedures are required. Figure 1 depicts a ProSe UE-NW relay. 
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Figure 1 ProSe UE-to-Network Relay (Figure 7.2.1.2.1 TR 23.713 V1.0.0 )

For the PC5 connection, the 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 between Remote UE and the Relay UE.

There are two discovery models which must be supported. The two discovery models correspond to Remote UE-triggered relay discovery and Relay UE-triggered relay discovery. At RAN2#89bis it was agreed that “the eNB at radio level can control whether the UE can act as a relay. FFS whether the network control is per relay UE, per cell (broadcast configuration) or both.” As the eNB controls whether a UE acts as Relay UE, we think the eNB, as part of the configuration of a Relay UE, also decides whether which discovery model is used.

Proposal 2 The eNB decides which discovery model is used by configuring the Relay UE accordingly.

With a dedicated relay configuration the eNB has the possibility to decide which UEs should act as Relay UEs and which ones should not. This also allows the eNB to verify that the UE is authorized for Relay services. The alternative to a dedicated relay configuration would be a broadcast configuration, where a UE may become a Relay UE triggered by e.g. RSRP threshold. We think it is important and beneficial if only dedicated signaling is used for this purpose.

Proposal 3 The eNB configures UEs to become Relay UEs using dedicated signaling. Broadcast signaling may not be used for this purpose.

3 Scenarios

We envision four scenarios from a RAN perspective. The justification for these scenarios and the main principles can be found in [2]. The four identified scenarios are:

1.
A remote UE in coverage is transferred to a Relay UE 

2.
A remote UE connected to a Relay UE reselects and connects to another Relay UE

3.
A remote UE connected to a Relay UE enters coverage 

4.
A remote UE outside coverage connects to a Relay UE

However, for each of these scenarios, the two discovery models must be supported. In total there are therefore eight cases for RAN2 to consider. The following subsections depict the signaling sequences together with their content.
3.1 A remote UE in coverage is transferred to a Relay UE 

For the case when the Remote UE is moving out of coverage, a transition from the Uu interface to PC5 should be established. eNB should control this transition to ensure that the relay connection is established in correct time and service is continued. In this case there are two additional flavours to account for. In one flavour, the Remote UE is transitioned to PC5 using RRCConnectionReconfiguration with MobilityControlInfo (i.e. the same message used for Uu handovers). This means that after the Remote UE has transitioned to the Relay UE, it still holds an RRC Connection to the eNB, which must be released accordingly. The other flavour avoids this problem by instead using RRCConnectionRelease with Redirect. This means that the RRC Connection is released before the Remote UE connects to the Relay UE. The first flavour should have a short service interruption than the second one.

Observation 1 Using RRCConnectionReconfiguration to transition a Remote UE from the eNB to the Relay UE causes shorter service interruption than using RRCConnectionRelease with redirect.
In combination with the two discovery models, we envision four ways to move the Remote UE from the eNB to the Relay UE.
3.1.1 Remote UE-triggered case using RRCConnectionReconfiguration
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In this chart we can see that the Relay UE first informs the eNB that it is capable (and willing) to become a relay UE (Msg 1). As stated earlier, the eNB has the possibility to select which discovery model to use. In this case the Remote UE-triggered version is used, which the Relay UE detects because of the lack of TX resources to transmit the Relay Announcement message (Msg 2B). Instead the Relay UE is now configured to receive incoming Relay solicitations.
When this is done the Remote UE is configured to search for Relay UE candidates (Msg 2A) and send measurement report to eNB (Msg 6). The presence of TX resources in Msg 2A allows the Remote UE to transmit Msg 4B. The Relay Solicitation should reach as many Relay UE candidates as possible, and is therefore broadcasted on the “PC5 Relay_Discovery” transport channel. As we do not wish to restrict the evaluation to a specific channel before we have established its necessary properties, we use this term for now. We of course acknowledge that if the existing PC5 Discovery channel can be used, it saves work for RAN2. A discussion of the various transport options for PC5 is discussed in section 3.6.
Observation 2 The “PC5 Relay_Discovery” transport channel must support broadcast transmissions.

By sending Msg 8 the Relay UE informs the eNB that it has found a Remote UE requesting a Relay UE. Based on this message the eNB performs admission control of the Remote UE. This is further described in section 3.7.3. If the Remote UE is admitted, the eNB transmits Msg 2C to the Remote UE, which allows the UE to transmit the Relay Response (Msg 5). Msg 5 should be addressed to the Remote UE, as other Remote UEs may otherwise think that they have been admitted by the eNB.
Observation 3 The “PC5 Relay_Discovery” transport channel must support unicast transmissions.

Using Msg 5B, the Remote UE is able to measure the signal quality of the PC5 link to the Relay UE. This triggers a Measurement Report which is sent to the eNB. The eNB can then perform the Relay Selection for the UE (further described in section 3.7.1.2) and communicate its decision in Msg 7. This is the common message used for handover, in this case it informs the Remote UE to connect to the Relay UE. The Remote UE can now initiate the “Establishment of secure layer-2 link over PC5”, which is further described in [3, section 7.1.2.1]. Upon completion of this procedure the UE sends Msg 11 to the eNB to inform that the “handover” was successful. The eNB may then release the RRC Connection using Msg 12.
3.1.2 Remote UE-triggered case using RRCConnectionRelease
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This case is very similar to the previous one. The only difference is how the Remote UE is “handed over” from the eNB to the Relay UE. In this case it is done using an RRCConnectionRelease with redirect (Msg 10). The redirection tells the Remote UE to connect to the Relay UE. As the RRC Connection is released, there is no use for Msg 11 and Msg 12.

The performance difference with this case is that the service interruption might be longer if RRCConnectionRelease with redirect is used. 
3.1.3 Relay UE-triggered case using RRCConnectionReconfiguration
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This case should be compared to the one presented in section 3.1.1. Here we use the same method to “handover” the Remote UE to the Relay UE, but the difference is that the Relay UE triggers the Relay discovery. The Relay UE signals the wish to become a relay (Msg 1) and the eNB indicates that by replying with Msg 2A (and not Msg 2B) it has selected the Relay UE-triggered model and not the Remote UE-triggered model. Msg 2A contains both TX resources and RX resources. This allows the Relay UE to periodically transmit the Relay announcement message (Msg 5A). In order for the Remote UE to detect the Relay UE, it must have a measurement configuration (Msg 3) and a Relay_Discovery channel configuration (Msg 2B). This configuration contains only RX resources which prevents the Remote UE from sending a Relay Solicitation. Instead the Remote UE receives the Relay Announcement (Msg 5A). From here on, the procedure is the same as the one described in section 3.1.1.
3.1.4 Relay UE-triggered case using RRCConnectionRelease
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This case is a combination of the ones presented in sections 3.1.2 (RRCConnectionRelease is used) and 3.1.3 (Relay UE-triggered). The Remote UE and Relay UE are setup, and discover each other according to the case in section 3.1.3. Once the eNB has performed the relay selection, this procedure follows the one presented in section 3.1.2.
This concludes the four ways a Remote UE can be “handed over” from an eNB to a Relay UE. We think both Remote UE-triggered and Relay UE-triggered case have their merits. The eNB also controls when the Remote UE is “handed over” to the Relay UE, but whether to support both RRCConnectionReconfiguration or RRCConnectionRelease with redirect is FFS. 

Proposal 4 For transfer of a Remote UE from eNB to Relay UE, both Remote UE-triggered case and Relay UE-triggered case shall be supported.

Proposal 5 The eNB decides when and selects which Relay UE a Remote UE is transferred to. 

Proposal 6 Whether to realize this transfer using RRCConnectionReconfiguration with mobilityControlInfo, RRCConnectionRelease with redirect, or both is FFS.
3.2 A Remote UE connected to a Relay UE reselects and connects to another Relay UE
In this case the UE is connected to a Relay UE and uses it for communication. Due to mobility for both the Relay UE and the Remote UE, it is important to have a procedure for the Remote UE to reselect its Relay UE. Also here, the relay discovery procedure can be initiated by the Relay UE or the Remote UE.

3.2.1 Remote UE-triggered case
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In the above chart we show how a Remote UE switches from using Relay UE1 to using Relay UE2. It is assumed that Relay UE1 is already setup to use the Remote UE-triggered model. The chart shows how Relay UE2 is setup accordingly using Msg 1 and Msg 2B. This procedure is the same for the Remote UE-initiated cases described earlier. The Remote UE triggers Relay UE reselection. The reasons for this are further elaborated in section 3.7.1.3. The Remote UE transmits Msg 4B to request a relay, and upon receiving it the two Relay UEs send Msg 8 to the eNB. In this case, the two UEs are controlled by the same eNB, but the procedure works even if this is not the case. Similar to the case in section 3.1.1 the eNB uses Msg 8 to perform admission control. It then configures Relay UE2 to transmit Msg 5B to the Remote UE. If the Relay UEs had been controlled by different eNBs, there could now be two Msg 5B transmitted to the Remote UE. Upon receiving Msg 5B, the Remote UE selects Relay UE 2 and connects to it. Relay selection performed by the UE is elaborated in section 3.7.1.3.
It can be noted that there is no procedure for releasing the connection to Relay UE1 in the chart. According to our view, no such procedure seems to have been defined by SA2, at least it is not captured in [3]. 

Observation 4 There is no procedure for releasing a secure layer-2 link over PC5.
3.2.2 Relay UE-triggered case
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4


In this case, the Relay UE initiates the relay discovery procedure, but the relay reselection is triggered in the Relay UE. When this procedure starts, the Remote UE is connected to Relay UE1. Relay UE2 is configured according to the Relay UE-triggered model using Msg 1 and Msg 2A. Upon triggering the relay reselection procedure in the Remote UE, it will receive Relay announcements (Msg 5A) from Relay UE1 and Relay UE2. Upon receiving them it selects Relay UE2 and connects to it. Same as for the previous case, there is no defined procedure to release a secure layer-2 link over PC5.
This concludes the two ways a Remote UE changes Relay UE. We think both options have their merit and should be supported. The benefits with the Remote UE-initiated option is the possibility for better Relay UE management thanks to the eNB control at the cost of increased signalling load on Uu. The benefit of the Relay UE-triggered option is reduced load on eNB and Uu, at the cost that some Relay UEs may become overloaded.
Proposal 7 For transfer of a Remote UE from one Relay UE to another Relay UE both Remote UE-triggered case and Relay UE-triggered case shall be supported.
3.3 A remote UE connected to a Relay UE enters coverage 

In the case when the Remote UE is out of coverage with an already established PC5 connection to a Relay UE, it may detect an eNB and move in coverage. This case is about how a Remote UE is transferred from a Relay UE to the eNB. If a UE can be served by both a Relay UE and an eNB, we think the eNB is able to provide a better service. It is therefore preferable if the Remote UE is transferred to the eNB, should it detect one.

Proposal 8 If a Remote UE, served by a Relay UE, detects an eNB it should be transferred to the eNB.

There are two cases to take into consideration. In case the eNB is on the same carrier as the PC5 connection to the Relay UE, then we think the Remote UE must adhere to Rel-12 behaviour and stop using the connection to the Relay UE and instead connect to the eNB when it has data to send. In case the eNB is on a different carrier than the PC5 connection to the Relay UE the Relay UE may perform Tracking Area Update (pending EMM state) as it detects the eNB. It is possible to use the same strategy for both cases, i.e., as soon as the eNB is suitable (regardless of carrier frequency), the Relay UE switches to the eNB. However, to minimize interruption time, it could be possible (for the case with different carrier frequencies) to indicate in the RRCConnectionRequest message, or some of the corresponding NAS messages, that the Remote UE is served by a Relay UE. 
3.4 A Remote UE outside coverage connects to a Relay UE
In this case, the Remote UE is out of coverage and has no connection to a Relay UE. The purpose of this procedure is to provide the Remote UE with connectivity via PC5. As usual, this procedure can be initiated by either the Remote UE or the Relay UE.
3.4.1 Remote UE-triggered case
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In the above chart we can see the Relay UE is configured by the eNB to use the Remote UE-initiated relay discovery (Msg 1 and Msg 2B). Upon completion of this setup procedure the Relay UE will listen for Relay solicitation messages. The Remote UE transmits its Relay solicitation message (Msg 4B) and it is received by the Relay UE. As the Relay UE does not have any TX resources, it sends Msg 8 to the eNB, the same as in section 3.1.1. Using this message, the eNB performs admission control and replies with Msg 2C to the Relay UE, which is then able to transmit its Relay Response (Msg 5B). The Remote UE selects the Relay UE and connects to it.
3.4.2 Relay UE-triggered case
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In the above chart we see how the Relay UE is setup for Relay UE-triggered Relay discovery (Msg 1 and Msg 2A). This enables the Relay UE to periodically broadcast its Relay announcement (Msg 5A) which is picked up by the Remote UE. The Remote UE selects the Relay UE and connects to it.

This concludes the two ways a Remote UE can connect to a Relay UE. Both options have their respective merits. The Remote UE-initiated option allows the eNB to control the load on the Relay UEs at the price of increased Uu signalling. The Relay UE-initiated option allows for less signalling on Uu and load on the eNB, but the Relay UE may have increased power consumption due to the periodic transmissions of Relay Announcement messages.
Proposal 9 For initial connection (i.e. the case when the Remote UE has no other connection) to a Relay UE, both Remote UE-triggered case and Relay UE-triggered case shall be supported.

3.5 Signaled Messages

Below is a table describing the messages found in the above signalling charts.
	Msg No.
	Message 


	Protocol
	Transport channel
	Purpose

	1
	SidelinkUEInformation: “ I can be a relay”
	RRC
	UL-SCH
	Informs the eNB that this UE can be a relay.

Can be implemented by extending the existing SidelinkUEInformation message.

	2A, 2B, 2C
	Relay_Discovery channel (re)configuration
	RRC
	DL-SCH
	Set up the Relay Discovery Channel.

Can be implemented in RRCConnectionReconfiguration.
The difference between 2A, 2B, and 2C, is whether both TX and RX resources are included, as can be seen in the charts.

	3
	Measurement configuration
	RRC
	DL-SCH
	Configure the Remote UE to report measurements of the PC5 channel to candidate Relay UEs.

Can be implemented in MeasConfig.

	4B
	Relay Solicitation
	“PC5-C control”
	SL-RCH
	Inform the Relay UE that the Remote UE is looking for a relay. Broadcasted to all Relay UEs.

	5A
	Relay Announcement
	“PC5-C control”
	SL-RCH
	Inform the Remote UE which service the Relay UE provides. Broadcasted to all Remote UEs.
Contains (at least) Uu RSRP.

	5B
	Relay Response
	“PC5-C control”
	SL-RCH
	Inform the Remote UE which service the Relay UE provides. Unicasted to a specific Remote UE.
Contains (at least) Uu RSRP.

	6
	Measurement Report
	RRC
	UL-SCH
	Inform the eNB about the channel conditions on the PC5 channel. 
Can be implemented in MeasurementReport.

	7
	RRCConnectionReconfiguration with MobilityControlInfo
	RRC
	DL-SCH
	Inform the Remote UE to connect to the Relay UE. 
Can be implemented in MobilityControlInfo.

	8
	SidelinkUEInformation
	RRC
	DL-SCH
	Inform the eNB that a specific Remote UE is looking for a Relay UE.

Can be implemented in SidelinkUEInformation.
Contains (at least) ProSe UE ID of the Remote UE, “D2D RSRP”, and priority value of the Remote UE.

	9
	Direct communication request
	“PC5-C control”
	SL-SCH
	Inform the Relay UE that the Remote UE wants to connect.

	10
	RRCConnectionRelease with redirect
	RRC
	DL-SCH
	Inform the Remote UE to release the RRC Connection and connect to the Relay UE.
Can be implemented in RRCConnectionRelease.

	11
	RRCConnectionReconfigurationComplete
	RRC
	UL-SCH
	Inform the eNB that the Remote UE has succeefully connected to the Relay UE.
Can be implemented in RRCConnectionReconfigurationComplete.

	12
	RRCConnectionRelease
	RRC
	DL-SCH
	Inform the Remote UE to release its RRC Connection.
No changes needed to existing message.


Table 1 – Messages used in the signalling charts. 

3.6 PC5 transport options

As indicated in Table 1, at least the PC5 messages 5A and 5B include a measurement value provided by the Relay UE (cellular RSRP) and this is Radio Layer Information and should be specified by RAN. When deciding which transport option to use for the relay discovery messages, that has to be taken into account, and also the message sizes.

The different transport option candidates for the relay discovery messages are discussed below.

3.6.1 PC5-S transport option

The SL-SCH is 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-S transport option provides great flexibility due to protocol discriminator in PDCP, addressing support, variable message support, and possibly RLC-AM. The PC5-S protocol stack (taken from TR 23.713) for PC5-S is depicted in Figure 2 below. The PC5 Signalling Protocol provides a NAS-like control plane for PC5.
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Figure 2 PC5 Signalling Protocol Stack for PC5-S (TR 23.713)

Observation 5 The PC5-S transport option provides great flexibility and is especially useful for large signalling messages.
For the radio layer information in the relay discovery messages, we have three main options if using the PC5-S transport option:

1.
Specify them as part of the PC5 Signalling protocol. Disadvantage is that since the ownership of this protocol is currently 3GPP CT1 and the Radio Layer information should be specified by RAN we create a strong dependency between CT1 and RAN2 owned specifications.
2.
Create a new protocol for the radio layer information on the same level as the PC5 Signalling Protocol. Advantage is that RAN2 will specify its own protocol independent from CT1 but the disadvantage is that the relay discovery procedure will be more complicated since two protocols would be involved.

3.
Include the radio layer information in layer 2, i.e. in the MAC layer. Advantage is that RAN2 will specify its own protocol independent from CT1. Disadvantage is that, MAC would need to know when and when not to include radio layer information, creating a dependency between MAC and PC5 Signalling Protocol, a dependency not prepared for in the current PC5-S protocol architecture.
3.6.2 PC5-D transport option
PC5-D is used for the Rel-12 PC5_DISCOVERY message. It utilizes transparent MAC and has a hard limit on the maximum message size (232 bits). The radio layer information has to be carried as part of the CT1 owned protocol. Disadvantages are that we would get a strong dependency between CT1 and RAN also here as well as in case the message would fit, the extension possibilities are extremely limited with this option. Also, as noted in observations 2 and 3 the transport channel has to support both unicast and broadcast transmissions. PC5-D currently only supports broadcast. 

Observation 6 The PC5-D transport option has limitations.

3.6.3  “PC5-C” transport option

The PC5-C transport option would have the following characteristics:

-
It uses a new transport channel “SL-RCH”.
-
It uses MAC headers similar to the SL-SCH.
-
This allows for both broadcast and unicast transmissions.
-
Both radio layer (“AS”) and upper layer (“NAS”) information can be transported by means of layering.
-
The radio layer information may either be carried in MAC or in RRC.
The advantage with this transport option is that RAN2 will specify its own protocol independent from CT1. Another advantage is that by creating a new a transport option for the relay discovery, it will meet the needs on message sizes and need to transfer radio layer information.
Observation 7 A new “PC5-C” transport option can be designed to meet the needs for relay discovery messages.

We therefore propose to design a new “PC5-C” transport option.
Proposal 10 Introduce a new PC5-C transport option, based on a new sidelink transport channel (“SL-RCH”) to be used for relay discovery.
In order to support both unicast and broadcast transmission some form of L2 addressing should be added. We think the MAC headers from SL-SCH could be reused, or at least studied as a baseline.
Proposal 11 “SL-RCH” uses MAC headers similar to SL-SCH.
In the signalling charts Msg 2A, 2B, and 2C are used to setup the “Relay_Discovery transport channel”, or “SL-RCH”. Also Msg 4B, 5A, and 5B are transmitted on it as part of the relay discovery procedure.
Proposal 12 Introduce an RRC procedure to set up “SL-RCH”.

Proposal 13 Introduce a relay discovery procedure using “SL-RCH”.
For Rel-12 Direct Discovery the payload of the SL-DCH is unknown to the AS. We think this does not provide a very flexible solution, for example the message size is very limited. RAN1 also hints in the LS [4] that message segmentation is not excluded. Message segmentation is typically something which is done on RLC. However, this does not preclude that the existing physical channel PSDCH is not reused, but that is for RAN1 to discuss, once the properties of SL-RCH and the protocol architecture for PC5-C are understood.
Proposal 14 The payload of “SL-RCH” is different from Rel-12 Direct Discovery payload.

Proposal 15 Send an LS to RAN1 to provide a suitable physical channel for “SL-RCH”.

Proposal 16 RAN2 should discuss the protocol architecture for PC5-C.

3.7 Procedures
In this section we present some of the new procedures necessary for UE-NW relaying.
3.7.1 Procedures for relay (re-)selection

To ensure proper operation of UE-NW relaying, there is a need to define selections rules. In [2], we propose to specify the following procedures:

-
A procedure to identify relay UE candidates by an in coverage UE

-
A procedure to reselect another relay UE by an out of coverage UE which already is connected to a relay UE

-
A procedure to initially select a relay UE by an out of coverage UE

Such selection rules can rely on parameters such as:

-
Cellular RSRP: This is reported to remote UE via relay.

-
D2D RSRP: This is measured on relay discovery signal.

-
D2D RSRQ: This is measured on relay discovery signal.

-
Relay Power Headroom (PHR): This is reported to remote UE by the relay. It indicates how many resources the relay can use for D2D communication without reducing transmit power per resource.

-
RRC Flag: This information shows whether a relay has an RRC connection established and can serve as a relay.

In [2], we propose, as part of each of the above procedures, use a minimum criterion which have to be fulfilled by a relay UE to be considered as a relay UE candidate. This criterion shall be specified in 3GPP (RAN2) specifications and use configurable parameters.

3.7.1.1 Minimum criterion for relay UE candidate

As minimum criterion for being considered as a Relay UE candidate, we propose:

1.
The PLMN ID and APN announced by the Relay UE fulfil requirements controlled by upper layers

2.
The D2D RSRQ measured on the discovery signal received from the relay UE is above a configurable threshold (D2D_RSRQ>RSRQ_threshold)

Proposal 17 As part of the minimum criterion for being a relay UE candidate, the D2D_RSRQ, as measured by the remote UE on the received discovery signal from the relay UE, shall be above a configurable threshold.

3.7.1.2 Procedure to identify Relay UE candidates by an in coverage UE

The procedure to identify Relay UE candidates, by an in coverage UE, is triggered by the eNB, using RRC Connection Reconfiguration, by setting up a new measurement. The Remote UE uses relay discovery to collect Relay UE candidates, preferably using the remote-UE initiated procedure. The Remote UE will report the Relay UE candidates using Measurement Report, including: the measured D2D RSRP, the measured D2D RSRQ and the Cellular RSRP received from the relay UE candidate.

The serving eNB of the remote UE may use those measurements to select the relay UE.

3.7.1.3 Procedure for Relay UE reselection by an out of coverage UE 

If a currently connected Relay UE does no longer fulfil the minimum criteria for relay UE candidate, and this condition remains at least during a configurable period, T_RELAY_RESELECTION, the Remote UE will trigger a Relay UE reselection.

The Remote UE maintains a set of Relay UE candidates which fulfil the minimum criterion, using relay discovery, preferably using the remote-UE initiated procedure.

When reselection is triggered, the remote UE chooses one of the relay UEs in the set of relay UE candidates fulfilling the minimum criteria. We prefer this selection to be based on a ranking of either Min{D2D RSRP, Cellular RSRP} or Sum{D2D RSRP, Cellular RSRP}. Other alternatives are a random selection or a non-specified method of selection.

Proposal 18 For relay UE reselection by an out of coverage Remote UE, the Remote UE performs ranking based on the D2D_RSRP and Cellular_RSRP.

3.7.1.4 Procedure for initial relay UE selection by an out of coverage UE

The remote UE creates a set of relay UE candidates which fulfil the minimum criterion, using relay discovery, preferably using the remote-UE initiated procedure.

The remote UE chooses one of the relay UEs in the set of relay UE candidates fulfilling the minimum criteria. We prefer this selection to be based on a ranking of either Min{D2D RSRP, Cellular RSRP} or Sum{D2D RSRP, Cellular RSRP}. Other alternatives are a random selection or a non-speficied method of selection.

Proposal 19 For initial relay UE selection by an out of coverage Remote UE, the Remote UE performs ranking based on the D2D_RSRP and Cellular_RSRP.

3.7.2 Details of Relay Soliciation/Response
A Remote UE, whether in or out of coverage, which initiates a Relay Solicitation will receive Relay Responses 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 the Relay Solicitation 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. This is shown in the signalling charts as “Optional: Filtering of incoming request” and is further elaborated in [5].
Proposal 20 Introduce criteria on when a Relay UE can be involved in relaying activity.

3.7.3 Admission control of Remote UE

In the Remote UE-triggered scenarios described earlier the eNB performs admission control of the Remote UE. Legacy admission control “takes into account the overall resource situation in the QoS requirements, the priority levels and the provided QoS of in-progress sessions and the QoS requirement of the new radio bearer request” [6, section 16.1.2]. As the Remote UE will consume resources not only on PC5 but also on Uu, we think admission control of the Remote UE is an important function which should be carried out by the eNB. 
Proposal 21 The eNB performs admission control of the Remote UE.

In our signalling charts the admission control is triggered by reception of Msg 8, which contains at least D2D RSRP as measured by the Relay UE, the ProSe L2 UE ID of the Remote UE, and a priority value associated with the Remote UE (could be static or dynamic). In the event of a resource shortage, the eNB can use the priority value to reject the Remote UE, or accept it of the priority indicates e.g. Imminent Peril or Emergency. If the eNB receives multiple Msg 8 for the same Remote UE (i.e. several Relay UEs receive the Relay solicitation), it can use the D2D RSRP to control which Relay UEs the Remote UE is allowed to connect to.
Proposal 22 The admission control is based on at least ProSe UE ID of the Remote UE, “D2D RSRP” (i.e. a metric of the PC5 channel quality), and the priority of the Remote UE.
4 Conclusion

In section 2 we made the following observations:
Observation 1
Using RRCConnectionReconfiguration to transition a Remote UE from the eNB to the Relay UE causes shorter service interruption than using RRCConnectionRelease with redirect.
Observation 2
The “PC5 Relay_Discovery” transport channel must support broadcast transmissions.
Observation 3
The “PC5 Relay_Discovery” transport channel must support unicast transmissions.
Observation 4
There is no procedure for releasing a secure layer-2 link over PC5.
Observation 5
The PC5-S transport option provides great flexibility and is especially useful for large signalling messages.
Observation 6
The PC5-D transport option has limitations.
Observation 7
A new “PC5-C” transport option can be designed to meet the needs for relay discovery messages.


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 between Remote UE and the Relay UE.
Proposal 2
The eNB decides which discovery model is used by configuring the Relay UE accordingly.
Proposal 3
The eNB configures UEs to become Relay UEs using dedicated signaling. Broadcast signaling may not be used for this purpose.
Proposal 4
For transfer of a Remote UE from eNB to Relay UE, both Remote UE-triggered case and Relay UE-triggered case shall be supported.
Proposal 5
The eNB decides when and selects which Relay UE a Remote UE is transferred to.
Proposal 6
Whether to realize this transfer using RRCConnectionReconfiguration with mobilityControlInfo, RRCConnectionRelease with redirect, or both is FFS.
Proposal 7
For transfer of a Remote UE from one Relay UE to another Relay UE both Remote UE-triggered case and Relay UE-triggered case shall be supported.
Proposal 8
If a Remote UE, served by a Relay UE, detects an eNB it should be transferred to the eNB.
Proposal 9
For initial connection (i.e. the case when the Remote UE has no other connection) to a Relay UE, both Remote UE-triggered case and Relay UE-triggered case shall be supported.
Proposal 10
Introduce a new PC5-C transport option, based on a new sidelink transport channel (“SL-RCH”) to be used for relay discovery.
Proposal 11
“SL-RCH” uses MAC headers similar to SL-SCH.
Proposal 12
Introduce an RRC procedure to set up “SL-RCH”.
Proposal 13
Introduce a relay discovery procedure using “SL-RCH”.
Proposal 14
The payload of “SL-RCH” is different from Rel-12 Direct Discovery payload.
Proposal 15
Send an LS to RAN1 to provide a suitable physical channel for “SL-RCH”.
Proposal 16
RAN2 should discuss the protocol architecture for PC5-C.
Proposal 17
As part of the minimum criterion for being a relay UE candidate, the D2D_RSRQ, as measured by the remote UE on the received discovery signal from the relay UE, shall be above a configurable threshold.
Proposal 18
For relay UE reselection by an out of coverage Remote UE, the Remote UE performs ranking based on the D2D_RSRP and Cellular_RSRP.
Proposal 19
For initial relay UE selection by an out of coverage Remote UE, the Remote UE performs ranking based on the D2D_RSRP and Cellular_RSRP.
Proposal 20
Introduce criteria on when a Relay UE can be involved in relaying activity.
Proposal 21
The eNB performs admission control of the Remote UE.
Proposal 22
The admission control is based on at least ProSe UE ID of the Remote UE, “D2D RSRP” (i.e. a metric of the PC5 channel quality), and the priority of the Remote UE.
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"Remote UE","Relay UE",eNB;



box "Remote UE"--"Remote UE": \c(green)Remote UE is In Coverage;



box "Relay UE"--eNB: \c(red)Setup of Relay UE

{

    "Relay UE"->eNB: Msg 1. SidelinkUEInformation: "I can be a relay";

    eNB->"Relay UE": Msg 2B. Relay_Discovery channel (re)configuration

                     Contains no TX resources, only RX resources.

                     Can contain configuration to filter Remote UEs;

};



box "Remote UE"--eNB: \c(red)E-UTRAN-assisted relay discovery

{

eNB->"Remote UE": Msg 3. Measurement configuration

                  Contains triggers for reporting Relay UE;

eNB->"Remote UE": Msg 2A. Relay_Discovery channel (re)configuration

                  Contains TX resources and RX resources.;



box "Remote UE".."Relay UE": \c(blue)PC5 Relay_Discovery transport channel

{

    "Remote UE"->"Relay UE": Msg 4B. Relay Solicitation (broadcast);

};



box "Relay UE".."Relay UE": Optional: Filtering of

                            incoming request;



"Relay UE"->eNB: Msg 8. SidelinkUEInformation (related to remote UE)

                 Contains Remote UE D2D-RSRP,

                 ProSe UE ID for Remote UE, Priority;



box eNB--eNB: Admission

              control;



eNB->"Relay UE": Msg 2C. Relay_Discovery channel (re)configuration

                 Contains TX resources for one discovery message,

                 i.e Msg 5B.;



box "Relay UE".."Remote UE": \c(blue)PC5 Relay_Discovery transport channel

{

    "Relay UE"->"Remote UE": Msg 5B. Relay Response (unicast)

                             Contains Cellular RSRP,

                             Relay UE PHR, RRC Flag;

};



"Remote UE"->eNB: Msg 6. Measurement Report

                  Contains Relay UE D2D RSRP and D2D RSRP

                  for other detected Relay UEs.;



box eNB--eNB: Select Relay UE;



eNB->"Remote UE": Msg 7. RRCConnectionReconfiguration

                  with MobilityControlInfo - "Connect to Relay UE";



};



box "Remote UE"--"Relay UE": \c(red)Establishment of secure layer-2 link over PC5 (23.713)

{

    box "Remote UE".."Relay UE": \c(blue)PC5 Communication transport channel

{

        "Remote UE"->"Relay UE": Msg 9. Direct communication request;

        box "Remote UE"--"Relay UE": (L3) Authentication and establishment

                                     of security association;

};

};



"Remote UE"->eNB: Msg 11. RRCConnectionReconfigurationComplete;



box "Remote UE"--"Relay UE": \c(green)Remote UE starts data transmission on PC5;



eNB>>"Remote UE": Msg 12. RRCConnectionRelease;
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#This is the default signalling chart

#Edit and press F2 to see the result

#You can change the default chart

#with the leftmost button on the Preferences pane of the ribbon.



hscale=auto;



"Remote UE","Relay UE",eNB;



box "Remote UE"--"Remote UE": \c(green)Remote UE is In Coverage;



box "Relay UE"--eNB: \c(red)Setup of Relay UE

{

    "Relay UE"->eNB: Msg 1. SidelinkUEInformation: "I can be a relay";

    eNB->"Relay UE": Msg 2B. Relay_Discovery channel (re)configuration

                     Contains no TX resources, only RX resources.

                     Can contain configuration to filter Remote UEs;

};



box "Remote UE"--eNB: \c(red)E-UTRAN-assisted relay discovery

{

eNB->"Remote UE": Msg 3. Measurement configuration

                  Contains triggers for reporting Relay UE;

eNB->"Remote UE": Msg 2A. Relay_Discovery channel (re)configuration

                  Contains TX resources and RX resources.;



box "Remote UE".."Relay UE": \c(blue)PC5 Relay_Discovery transport channel

{

    "Remote UE"->"Relay UE": Msg 4B. Relay Solicitation (broadcast);

};



box "Relay UE".."Relay UE": Optional: Filtering of

                            incoming request;



"Relay UE"->eNB: Msg 8. SidelinkUEInformation (related to remote UE)

                 Contains Remote UE D2D-RSRP,

                 ProSe UE ID for Remote UE, Priority;



box eNB--eNB: Admission

              control;



eNB->"Relay UE": Msg 2C. Relay_Discovery channel (re)configuration

                 Contains TX resources for one discovery message,

                 i.e Msg 5B.;



box "Relay UE".."Remote UE": \c(blue)PC5 Relay_Discovery transport channel

{

    "Relay UE"->"Remote UE": Msg 5B. Relay Response (unicast)

                             Contains Cellular RSRP,

                             Relay UE PHR, RRC Flag;

};



"Remote UE"->eNB: Msg 6. Measurement Report

                  Contains Relay UE D2D RSRP and D2D RSRP

                  for other detected Relay UEs.;



box eNB--eNB: Select Relay UE;



eNB->"Remote UE": Msg 10. RRCConnectionRelease

                  Redirect - "Connect to Relay UE";

};



box "Remote UE"--"Relay UE": \c(red)Establishment of secure layer-2 link over PC5 (23.713)

{

    box "Remote UE".."Relay UE": \c(blue)PC5 Communication transport channel

{

        "Remote UE"->"Relay UE": Msg 9. Direct communication request;

        box "Remote UE"--"Relay UE": (L3) Authentication and establishment

                                     of security association;

};

};



box "Remote UE"--"Relay UE": \c(green)Remote UE starts data transmission on PC5;
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#Edit and press F2 to see the result

#You can change the default chart

#with the leftmost button on the Preferences pane of the ribbon.



hscale=auto;



"Remote UE","Relay UE","eNB";



box "Remote UE"--"Remote UE": \c(green)Remote UE is Out of Coverage;



box "Relay UE"--eNB: \c(red)Setup of Relay UE

{

    "Relay UE"->eNB: Msg 1. SidelinkUEInformation: "I can be a relay";

    eNB->"Relay UE": Msg 2B. Relay_Discovery channel (re)configuration

                     Contains no TX resources, only RX resources.

                     Can contain configuration to filter Remote UEs;

};



box "Remote UE"--eNB: \c(red)E-UTRAN-assisted relay discovery

{

box "Remote UE".."Relay UE": \c(blue)PC5 Relay_Discovery transport channel

{

    "Remote UE"->"Relay UE": Msg 4B. Relay Solicitation (broadcast);

};



box "Relay UE".."Relay UE": Optional: Filtering of

                            incoming request;



"Relay UE"->eNB: Msg 8. SidelinkUEInformation (related to remote UE)

                 Contains Remote UE D2D-RSRP,

                 ProSe UE ID for Remote UE, Priority;



box eNB--eNB: Admission

              control;



eNB->"Relay UE": Msg 2C. Relay_Discovery channel (re)configuration

                 Contains TX resources for one discovery message,

                 i.e Msg 5B.;



box "Relay UE".."Remote UE": \c(blue)PC5 Relay_Discovery transport channel

{

    "Relay UE"->"Remote UE": Msg 5B. Relay Response (unicast)

                             Contains Cellular RSRP,

                             Relay UE PHR, RRC Flag;

};

};



box "Remote UE"--"Remote UE": Select Relay UE;



box "Remote UE"--"Relay UE": \c(red)Establishment of secure layer-2 link over PC5 (23.713)

{

    box "Remote UE".."Relay UE": \c(blue)PC5 Communication transport channel

    {

        "Remote UE"->"Relay UE": Msg 9. Direct communication request;

        box "Remote UE"--"Relay UE": (L3) Authentication and establishment

                                     of security association;

    };

};



box "Remote UE"--"Relay UE": \c(green)Remote UE starts data transmission on PC5;
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#Edit and press F2 to see the result

#You can change the default chart

#with the leftmost button on the Preferences pane of the ribbon.



hscale=auto;



"Relay UE1","Remote UE","Relay UE2",eNB;



box "Remote UE"--"Relay UE1": \c(green)Remote UE uses Relay UE1;



box "Relay UE2"--eNB: \c(red)Setup of Relay UE2

{

    "Relay UE2"->eNB: Msg 1. SidelinkUEInformation: "I can be a relay";

    eNB->"Relay UE2": Msg 2B. Relay_Discovery channel (re)configuration

                      Contains no TX resources, only RX resources.

                      Can contain configuration to filter Remote UEs.;

};



box "Remote UE"--"Remote UE": Relay UE reselection triggered.;



box "Relay UE1"--eNB: \c(red)E-UTRAN-assisted relay discovery

{

    box "Relay UE1".."Relay UE2": \c(blue)PC5 Relay_Discovery transport channel

    {

        "Relay UE1"<->"Relay UE2": Msg 4B. Relay Solicitation (broadcast);

};



box "Relay UE1".."Relay UE1": Optional: Filtering of

                              incoming request;



"Relay UE1"->eNB: Msg 8. SidelinkUEInformation (related to remote UE)

                 Contains Remote UE D2D-RSRP,

                 ProSe UE ID for Remote UE, Priority;



box "Relay UE2".."Relay UE2": Optional: Filtering of

                              incoming request;



"Relay UE2"->eNB: Msg 8. SidelinkUEInformation (related to remote UE)

                 Contains Remote UE D2D-RSRP,

                 ProSe UE ID for Remote UE, Priority;



box eNB--eNB: Admission

              control;



eNB->"Relay UE2": Msg 2C. Relay_Discovery channel (re)configuration

                 Contains TX resources for one discovery message,

                 i.e Msg 5B.;



box "Remote UE".."Relay UE2": \c(blue)PC5 Relay_Discovery transport channel

{

"Relay UE2"->"Remote UE": Msg 5B. Relay Response (unicast)

                             Contains Cellular RSRP,

                             Relay UE PHR, RRC Flag;

};

};



box "Remote UE"--"Remote UE": Relay UE2 selected;



box "Remote UE"--"Relay UE2": \c(red)Establishment of secure layer-2 link over PC5 (23.713)

{

    box "Remote UE".."Relay UE2": \c(blue)PC5 Communication transport channel

    {

        "Remote UE"->"Relay UE2": Msg9. Direct communication request;

        box "Remote UE"--"Relay UE2": (L3) Authentication and establishment

                                      of security association;

    };

};



box "Remote UE"--"Relay UE2": \c(green)Remote UE uses Relay UE2;
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