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1 Introduction

ProSe UE-to-Network relaying can be used to extend the coverage of the network beyond the coverage of the eNB. This is illustrated in Figure 1 (taken from Figure 7.2.1.2.1 in TR 23.713 V1.1.0 [1]).
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Figure 1 – ProSe UE-to-Network Relay. Note that the Remote UE can move in coverage of the eNB.

Establishing a link between a remote UE and the eNB via a ProSe UE-to-network relay involves in principle three steps:

1.
Setup of Relay UE
2.
E-UTRAN-assisted relay discovery

3.
Establishment of secure layer-2 link over PC5.

This contribution mainly discusses the first step where the relay UE is initiated. It includes the different alternatives in setting up a relay UE together with the required signalling. 
2 Discussion
In previous contributions [2], [3], we elaborated on the different scenarios of UE-to-Network relay selection and described the different signalling procedures required for the cases when the remote UE is inside or outside coverage.  

At RAN2#89bis it was agreed that “the eNB at the 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.” Moreover, in Sec. 4.5.2 of TS 23.303 [4], it is stated that “the user's profile in the HSS contains the subscription information to give the user permission to use ProSe. At any time, the operator can remove the ProSe UE subscription rights from user's profile in the HSS, and revoke the user's permission to use ProSe.” 
Proposal 1 The initiation of a ProSe UE-to-Network relay requires the EPC authorization based on the UE’s subscription information.

Figure 2 depicts the overall procedure for UE-to-Network relaying. Relay UE2 is served by eNB2, and for completeness of the procedure, we included eNB1 serving Remote UE1 if it is in coverage (Remote UE1 can as well be served by eNB2). 
Observation 1 If the Remote UE happens to be in coverage, both the Remote UE and the corresponding Relay UE can be served by different eNBs.
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Figure 2 – Overall procedure for selecting and connecting to a Relay UE (Remote UE might happen to be in coverage). 
In general, different levels of RAN assistance and/or control can be accomplished depending on the Remote UE and whether it is in coverage or out of coverage. This paper focuses only on the ‘Setup of Relay UE’ step from a RAN perspective. The step ‘E-UTRAN assisted Relay UE selection’ is discussed in [5].
2.1 Setup of Relay UE

For the Relay UE to participate in the discovery and perform the actual UE-to-Network relaying, it has to be authorized as a ProSe UE-to-network relay and therefore it needs to enter RRC_CONNECTED. Since the eNB controls whether a UE acts as Relay UE, a permission should be obtained from the eNB. Moreover, for the relay discovery, there are two models – Relay UE-triggered (model A) and Remote UE-triggered (model B) - and which model to be used should be controlled by the eNB as it is responsible for the radio resources. In case of high load on the eNB and Uu, the eNB might choose the Relay UE-triggered option which helps in reducing the load, however, this might come at the cost that some Relay UEs become overloaded and the battery drains fast. On the other hand, the eNB may choose the Remote UE-triggered option which allows for better Relay UE management, however, this comes at the cost of increased signalling load on Uu. 
Proposal 2 In order for a UE to participate in relay discovery and operate as a UE-to-Network relay, it needs to enter RRC_CONNECTED state and get the necessary authorization and also obtain permission from the eNB.

Proposal 3 The eNB decides which discovery model is used by configuring the Relay UE accordingly.

From a RAN perspective, we envision different ways to setup a Relay UE, where they differ by the type of signalling, whether dedicated or broadcast, and the discovery model.

2.1.1 Dedicated setup (Remote UE-triggered discovery)
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In this chart, the eNB transmits the Relay configuration in a SIB. The presence of such information implies that Relaying is allowed in the cell under the conditions set by the eNB. If the RSRP/RSRQ thresholds are met at the Relay UE, the Relay UE first informs its serving eNB that it is capable to become a relay UE (Msg 1). As stated earlier, the eNB has the possibility to select which discovery model to be used. In this case the Remote UE-triggered version is used, i.e., no TX resources are allocated to the Relay UE in Msg 2B. The Relay UE is now configured to receive incoming Relay solicitations. The Relay UE can receive configuration parameters that help in filtering some remote UEs attempting to establish a connection if they don’t fit a certain criteria thus reducing the exchanged signalling. The procedure is then followed by the E-UTRAN assisted Relay UE selection and then the establishment of secure layer-2 link over PC5 which are out of the scope of this contribution (see [5] for more details).

2.1.2 Dedicated setup (Relay UE-triggered discovery)
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In this chart, the Relay UE receives the SIB Relay configuration, and if it meets the specified criteria, the Relay UE informs the serving eNB that it is capable to become a relay UE (Msg 1). The eNB replies with Msg 2A (and not Msg 2B) and indicates that 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 in the E-UTRAN assisted Relay UE selection procedure.
2.1.3 Broadcast setup (Remote UE-triggered discovery)
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The above chart depicts the case where the eNB broadcasts Relay configuration parameters. UEs receiving this announcement and meeting a certain criteria specified by the eNB, e.g., RSRP or RSRQ thresholds, can become a Relay UE. In this case, no TX resources are allocated, thus implying a Remote UE-triggered discovery model. Therefore, the Relay UE starts listening for Relay solicitation messages.
2.1.4 Broadcast setup (Relay UE-triggered discovery)
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As in Sec. 2.1.3, the relay initiation step is of a broadcast nature where the eNB announces criteria for potential Relay UEs. The difference is the discovery model used, i.e., Relay UE-triggered discovery in this case. Thus, the Relay UE periodically transmits the Relay announcement message in the E-UTRAN assisted Relay UE selection procedure.
With the dedicated signalling approach, better network management can be achieved thus reducing interference and improving coverage, however, this comes at the expense of increased signalling. On the other hand, the broadcast solution allows for less signalling but at the expense of poorer interference and coverage management.

Proposal 4 For relay initiation, both dedicated and broadcast methods shall be supported. 

2.2 Release of Relay UE

So far we have described how a Relay UE is setup, but corresponding methods are also necessary to release, or deconfigure a Relay UE. With broadcast signalling this can be done by stopping the transmission of the SIB. With dedicated signalling this can be done by transmitting an RRCConnectionReconfiguration message not containing any discovery resources to the Relay UE. If broadcast signalling is used, a Relay UE may also find itself no longer meeting the RSRP/RSRQ condition for being a Relay UE. In that case, the Relay UE performs an implicit release as it stops announcing itself or listening for solicitation messages depending on discovery model. When a Relay UE is released, either explicitly or implicitly, it shall release all its Remote UEs.

Proposal 5 The eNB shall be able to release a Relay UE, for example by transmitting an RRCConnectionReconfiguration message not containing a Relay Discovery Channel configuration. When this happens the Remote UE shall stop announcing itself or listening for solicitation messages.
2.3 Signalled Messages
Below is a table describing the messages found in the above signalling charts.

	Msg No.
	Message 


	Protocol
	Transport channel
	Purpose

	0
	”SIB20” – Sidelink Relay configuration
	RRC
	DL-SCH
	This message is a SIB. Its presence shows that Relaying is allowed in the cell under the conditions set by the eNB. If this SIB is not present, relaying is not allowed in this cell.
It contains

- RSRP/RSRQ thresholds

- Optionally a “relay Discovery channel configuration” which is the same information element as in message 2A and 2B.

If the configuration is not included, the RSRP/RSRQ thresholds explain when the UE may send SidelinkUEInformation message, requesting to become a Relay UE.

	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
	Relay_Discovery channel (re)configuration
	RRC
	DL-SCH
	Set up the Relay Discovery Channel.

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

SIB-Msg 2A and 2B contains the same information as Msg 2A and 2B, respectively, howerver, they are carried in a SIB. These messages contain RSRP/RSRQ thresholds.

If the channel configuration is empty or set to ‘release’ the Relay UE stops announcing itself as a Relay UE.


Table 1 – Messages used in the signalling charts. 

Proposal 6 Introduce a SIB to carry relay configuration parameters. These parameters can include, for example, RSRP and RSRQ thresholds, TX and RX resources for the Relay Discovery Channel.

Proposal 7 Extend SidelinkUEInformation thus allowing a UE to request to act as a Relay UE.

Proposal 8 Introduce in RRCConnectionReconfiguration a Relay Discovery channel (re)configuration which can include TX and RX resources.
3 Conclusion

In section 2 we made the following observations:
Observation 1
If the Remote UE happens to be in coverage, both the Remote UE and the corresponding Relay UE can be served by different eNBs.


Based on the discussion in section 2 we propose the following:

Proposal 1
The initiation of a ProSe UE-to-Network relay requires the EPC authorization based on the UE’s subscription information.
Proposal 2
In order for a UE to participate in relay discovery and operate as a UE-to-Network relay, it needs to enter RRC_CONNECTED state and get the necessary authorization and also obtain permission from the eNB.
Proposal 3
The eNB decides which discovery model is used by configuring the Relay UE accordingly.
Proposal 4
For relay initiation, both dedicated and broadcast methods shall be supported.
Proposal 5
The eNB shall be able to release a Relay UE, for example by transmitting an RRCConnectionReconfiguration message not containing a Relay Discovery Channel configuration. When this happens the Remote UE shall stop announcing itself or listening for solicitation messages.
Proposal 6
Introduce a SIB to carry relay configuration parameters. These parameters can include, for example, RSRP and RSRQ thresholds, TX and RX resources for the Relay Discovery Channel.
Proposal 7
Extend SidelinkUEInformation thus allowing a UE to request to act as a Relay UE.
Proposal 8
Introduce in RRCConnectionReconfiguration a Relay Discovery channel (re)configuration which can include TX and RX resources.
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