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Introduction
In last meeting, some agreements were reached about relay initiation and relay discovery. In this contribution, we continue to discuss the remaining issues related to relay initiation and relay discovery.
Discussion
Discovery resource pool usage
In last meeting, a specific resource pool for relay discovery is introduced. It’s FFS whether this resource pool is only applicable for relay discovery or also for other PS discovery. Relay initiation is triggered by the relay UE and the relays are initiated at the cell edge for the most cases. Therefore, it’s likely the specific discovery pool is underused. To improve the resource efficiency, it’s better to allow other PS discovery service to use this pool. However, if multiple types of other PS discovery service are introduced in future, the collision between relay discovery and other PS discovery would increase due to the increased PS discovery load, which would result in heavy interference to the relay discovery. The performance of relay discovery would be degraded. It would be difficult to differentiate the resource used by relay discovery from other PS discovery by then, considering the forward compatibility. Therefore, we suggest introducing a discovery resource pool only applies for relay discovery.
Proposal 1: Introduce a discovery resource pool only applies for relay discovery in SIB.
In relay discovery procedure, relay UE may send announcing message in model A and response message in model B. We don’t see any benefit to distinguish the resource for announcing and response message. 
Proposal 2: The broadcast relay discovery resource pool applies for both the relay discovery announcements and the response to the solicitation messages.
A further question is whether the relay discovery resource pool applies for both in-coverage remote UE and relay UE. Relay is introduced mainly to provide the PDN service for the out of coverage remote UEs. It’s likely there is no remote UE performing relay discovery in coverage. It’s inefficient to define a specific resource pool for in-coverage remote UE in SIB. Furthermore, the in-coverage remote UEs are not assumed to be a large amount and they are about to leave the coverage. The potential collision between relay and in-coverage remote UE is not severe. Therefore, it’s unnecessary to distinguish the relay discovery resource pools applicable for in-coverage remote UE and relay UE. Another benefit is the eNB could control whether the in-coverage remote UE is allowed to transmit relay solicitation message in IDLE or not in the same way as control of relay UE.
Alternatively, the remote UE in coverage uses the pre-configured resource pool. But this is not a legacy in-coverage UE behavior, considering eNB may also broadcast the relay discovery resource meantime.
Proposal 3:The broadcast relay discovery resource pool applies for both remote UE in coverage and relay UE.
Level of network control for relay initiation
If the eNB broadcast the tx relay discovery resource, IDLE relay UE could send the relay message autonomously with the thresholds respected. It’s worth to discuss whether the CONNECTED relay UE could autonomously send the relay message or should send request to eNB in this scenario. It should be noticed eNB has no idea how many IDLE relay UEs are sending discovery message and where they are. Therefore, there is not much benefit for the eNB to control the CONNECTED relay UE initiation. However, to align with the R12 procedure, we suggest the CONNECTED relay UE should also send request for tx relay discovery resource with the thresholds respected.
Proposal 4: Even if the transmission relay discovery resource is broadcast, the CONNECTED relay UE still should request eNB for tx relay discovery resource allocation upon the with the thresholds respected.
If the eNB doesn’t broadcast the tx relay discovery resource, it’s FFS whether eNB could broadcast the thresholds relay UE needs to respect. The intention of the broadcast thresholds is to prevent the relay UEs in poor coverage or/and in cell center send relay discovery. Therefore, we think it’s beneficial.
Proposal 5: When the transmission relay discovery resource is not broadcast, eNB could optionally broadcast the RSRP/Q thresholds for CONNECTED UEs to respect before requesting relay discovery resource.
In relay discovery model B, relay UE would monitor the relay solicitation message before sending the response message. It’s not clear when the relay should start monitoring. We introduced thresholds the relay UE needs to respect before sending relay discovery message. If the relay UE is not allowed to send the response message due to not fulfilling the threshold, it’s not necessary for the relay UE to monitor the solicitation message as well.
Proposal 6: Relay UE starts to monitor the relay solicitation message with the broadcast thresholds respected.
From current agreements, there are two triggers to de-activate a relay:
· Trigger 1：UE’s upper layer wants to de-activate the relay function,
· Trigger 2：Uu quality of relay UE doesn’t fulfill the initiation threshold configured by eNB.
Either of the above two triggers is satisfied, UE will stop the relay service.
For the first trigger, upper layer would send a relay reselection indication to remote UEs. There would be no sidelink data to the remote UE and relay discovery messages from upper layer. The AS would stop requesting the one-to-one communication resource and relay discovery resource. eNB could acknowledge the relay is de-activated. This could be a relay de-activation procedure without AS impact.
For the second trigger, there could be two cases, since eNB could configure high and/or low thresholds. If the Uu quality of relay is below the low threshold, the relay may not be able to provide the relay service any more. Then, AS should indicate the upper layer to perform the relay de-activation procedure. However, if the Uu quality of relay is above the high threshold, the relay still could provide relay service. The intention of high threshold is to avoid unnecessary relay initiation request from the cell centre. If the relay has already initiated and served a remote UE, it’s not reasonable to de-activate the relay due to good Uu quality. To unify the AS behavior upon the second trigger, AS could indicate the upper layer which threshold is not fulfilled, when the Uu quality of relay UE doesn’t fulfill the initiation threshold configured by eNB. Upper layer could decide whether to de-activate the relay function.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 7: AS should indicate the upper layer high or low initiation threshold is not fulfilled, when the Uu quality of relay UE doesn’t fulfill the initiation threshold configured by eNB.
Relay discovery model selection
There are two relay discovery model defined in SA2:

Figure-1   Relay Discovery Model A

 Figure-2   Relay Discovery Model B
In this section, the following issues related to relay discovery models selection:
1) If model A is used, which is the periodicity for sending relay discovery announcements? Should this be controlled by the eNB? (E.g. through the configuration of the relay discovery resource pool?)
2) If model B is used, even if from application layer point of view there is one solicitation message and potentially one response message, should we consider repetitions for such messages for redundancy reasons? Should this be controlled by NAS or AS layer?
3) If a remote UE supposed to use Model B receives an unsolicited relay discovery response message (with a suitable relay Service Code, from a relay UE which responded to another remote UE solicitation), is this sufficient to consider the relay UE as discovered or should the remote UE issue another solicitation message?
4) Should an active relay UE (i.e. relaying some traffic) configured with model B also make periodic relay discovery announcements (i.e. according to Model A) to facilitate discovery by other remote UEs? 
5) Should an active relay UE(i.e. relaying some traffic) configured with model A can response to the solicitation (i.e. according to Model A) to facilitate discovery by other remote UEs? 
6) Whether the relay discovery model used by relay UE should be controlled by eNB?
7) How to determine the relay discovery model used by the remote UE？
For issue 1), the periodicity for sending relay discovery announcements should be decided by upper layer, if there is radio resource for announcing, relay UE can perform relay announcement; otherwise, it can wait for the radio resource. This behavior is same as Rel-12 direct discovery.
Proposal 8: If model A is used, the periodicity for sending relay discovery announcements should be decided by upper layer.
For issue 2), if model B is used, since the solicitation and response message is originated from upper layer, if it needs to be repeated for robustness, it should be controlled by upper layer, similar as the Rel-12 direct discovery. 
Proposal 9: If model B is used, the repetitions of solicitation and response should be controlled by upper layer.

	Relay Discovery Response message (Model B)

	Parameters
	Notes

	Message Type
	Indicating type of message and discovery model
Specified in TS 24.334 [4])

	Discovery Type
	Indicates whether this is UE-to-Network Relay Discovery, Group Member Discovery or UE-to-UE Relay Discovery.
Specified in TS 24.334 [4])

	ProSe Relay UE ID
	Link layer identifier associated with the relay

	Discoveree Info
	Provides information about the discoveree

	Relay Service Code
	Security and connectivity information to be defined by SA3

	Radio Layer Information
	To be defined by RAN



Table 1: Relay discovery response message (Model B)

For issues 3), the content of relay discovery response message is given in table 1 according to [2]. There is no information of remote UE in the relay discovery response message, which indicates the remote UE can’t acknowledge which remote UE the relay UE responds to. Therefore, we don’t need to consider this scenario.
Proposal 10: Remote UE considers the relay is found upon receiving its relay discovery response message.
For issue 4)/5)/6), the relay UE behavior depends on its ProSe authorization information. According to [1], relay UE is authorized to use discovery model A and/or discovery model B based on PLMN by ProSe function:
	The following information is provisioned to the UE for restricted ProSe Direct Discovery authorisation:
1)	restricted ProSe Direct discovery model A monitoring authorisation policy:
-	PLMNs in which the UE is authorised to perform restricted ProSe Direct discovery model A monitoring.
2)	restricted ProSe Direct discovery model A announcing authorisation policy:
-	PLMNs in which the UE is authorized to perform restricted ProSe Direct discovery model A announcing;
-	Authorised discovery range for announcing per PLMN.
3)	restricted ProSe Direct discovery model B Discoverer operation authorization policy:
-	PLMNs in which the UE is authorized to perform Model B Discoverer operation;
-	Authorised discovery range for announcing per PLMN.
4)	restricted ProSe Direct discovery model B Discoveree operation authorization policy:
-	PLMNs in which the UE is authorized to perform Model B Discoveree operation.



If the serving PLMN allows the relay UE to use only one relay discovery model (Model A or Model B), the relay UE behavior should follow the authorization information. It means the answers of 4), 5) and 6) are both No. 
Proposal 11: If UE-to-Network relay is only authorized to use only one relay discovery model on the serving PLMN, its relay discovery model should follow the authorization.
If the serving PLMN allows the relay UE to use both of the two relay discovery model, how to coordinate the discovery model should be considered. There is no obvious benefit for the eNB to control the relay discovery model, thus it had better leave it to relay UE implementation.
If the relay UE is an inactive relay UE (i.e. not relaying traffic), there is no need to support discovery model A and B simultaneously for power saving. If the relay UE is an active relay UE (i.e. relaying traffic) using one discovery model, the power consumption is not an issue, thus it can support discovery model A and B simultaneously during the same period based on the precondition that the relay performance should not be impacted and it will not be overloaded. This can facilitate the discovery by other remote UEs.
Proposal 12: If UE-to-Network relay is authorized to use both of the two relay discovery models on the serving PLMN, which relay discovery model will be used is dependent on its implementation.
Proposal 13: For an inactive relay UE, only one relay discovery model is supported during the same period of time for power saving.
Proposal 14：For an active relay UE, the use of both two relay discovery models can be supported on the condition that the relay performance should not be impacted and the relay UE will not be overloaded.
For issue 7), regarding to the remote UE, according to above Figure2, if it uses discovery model B, the solicitation message contains the PLMN ID. It can be deduced that once a remote UE want to perform relay discovery, it should first select a PLMN ID. Thus the discovery model used by the remote UE can be dependent on the PLMN it selected. If only one relay discovery model is supported on the selected PLMN according to the authorization, remote UE can only use this discovery model; otherwise, which discovery model is selected depends on its implementation, which is similar as the behavior of relay UE.
Proposal 15: If remote UE is authorized to use only one relay discovery model on the selected PLMN, its relay discovery model should follow the authorization.
Proposal 16: If remote UE is authorized to use both of the two relay discovery models on the selected PLMN, which relay discovery model is used depends on its implementation.
Conclusion
Proposal 1: Introduce a discovery resource pool only applies for relay discovery in SIB.
Proposal 2: The broadcast relay discovery resource pool applies for both the relay discovery announcements and the response to the solicitation messages.
Proposal 3:The broadcast relay discovery resource pool applies for both remote UE in coverage and relay UE.
Proposal 4: Even if the transmission relay discovery resource is broadcast, the CONNECTED relay UE still should request eNB for tx relay discovery resource allocation upon the with the thresholds respected.
Proposal 5: When the transmission relay discovery resource is not broadcast, eNB could optionally broadcast the RSRP/Q thresholds for CONNECTED UEs to respect before requesting relay discovery resource.
Proposal 6: Relay UE starts to monitor the relay solicitation message with the broadcast thresholds respected.
Proposal 7: AS should indicate the upper layer high or low initiation threshold is not fulfilled, when the Uu quality of relay UE doesn’t fulfill the initiation threshold configured by eNB.
Proposal 8: If model A is used, the periodicity for sending relay discovery announcements should be decided by upper layer.
Proposal 9: If model B is used, the repetitions of solicitation and response should be controlled by upper layer.

Proposal 10: Remote UE considers the relay is found upon receiving its relay discovery response message.
Proposal 11: If UE-to-Network relay is only authorized to use only one relay discovery model on the serving PLMN, its relay discovery model should follow the authorization.
Proposal 12: If UE-to-Network relay is authorized to use both of the two relay discovery models on the serving PLMN, which relay discovery model will be used is dependent on its implementation.
Proposal 13: For an inactive relay UE, only one relay discovery model is supported during the same period of time for power saving.
Proposal 14：For an active relay UE, the use of both two relay discovery models can be supported on the condition that the relay performance should not be impacted and the relay UE will not be overloaded.
Proposal 15: If remote UE is authorized to use only one relay discovery model on the selected PLMN, its relay discovery model should follow the authorization.
Proposal 16: If remote UE is authorized to use both of the two relay discovery models on the selected PLMN, which relay discovery model is used depends on its implementation.
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