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1 Introduction

In the companion contribution [1, 2], we have provided a complete procedure for UE-NW relay selection. In this paper, we provide details to relay discovery transmissions and measurement reporting.
2 Discussion

In the companion contribution [2], we discussed signalling procedure in detail for UE-NW relay selection. We provided procedures for the selection of a Relay UE in the case of both an in-coverage Remote UE and an out-of-coverage Remote UE. For both cases, we discussed that the relay discovery procedure can be either initiated by the Relay UE or by the Remote UE. When the relay discovery procedure is initiated by a broadcast service request from the Remote UE, all Relay UEs in proximity can respond to this message. The number of Relay UEs responding their availability to the Remote UE can become unnecessarily large, causing undesired interference and congestion. 
Observation 1 When a Remote UE (in-coverage or out-of-coverage) initiates a relay selection request, several Relay UEs in proximity can respond to this request, causing congestion and interference.

In another scenario discussed in [1,2], where the Remote UE is in coverage and the relay selection is performed by eNB, the Remote UE reports candidate relays along with useful measurements to eNB. This measurement report related to one or more candidate Relay UEs from the Remote UE to eNB is crucial in deciding on a reliable relay that provides a desired quality of service. Therefore, it is to have reliable mechanism at the Remote UE to address the following questions:

1.
When should the Relay UEs be reported?

2.
How many Relay UEs should be reported?

3.
Which Relay UEs should be reported?

Observation 2 When a Relay UE is selected by eNB for an in-coverage Remote UE, the Remote UE should decide on when, how many, and which relays should be reported to eNB to assist in the relay selection.  

Based on these two observations we make the following proposal.
Proposal 1 When evaluating solutions for relay selection the signalling load for both PC5 and Uu interface should be taken into account.
3 Procedures
In this section we discuss details related to the procedures for Remote UE initiated relay selection and measurement reporting, taking the previous observations and proposals into account.

3.1 Remote UE initiated relay selection

When the relay discovery procedure is initiated by a relay solicitation from the Remote UE, all Relay UEs in proximity can receive this message and can respond to it. A simple approach to address this issue is that the Relay UE can maintain a counter to count how many consecutive service requests from a Remote UE have not been accepted by the Relay UE within a given time duration. When the Relay UE receives a request from the Remote UE, it first checks if it has previously accepted a service request from the UE. If not, then the Relay UE can measure D2D RSRP and D2D RSRQ and compare it with a threshold to check if it can provide a reliable direct connection. If the Relay UE’s assessment is that it can provide a good connection, it accepts Relay UE’s request and send the corresponding message to eNB. Otherwise, the Relay UE updates its counter. Finally, if the counter reaches certain threshold, the Relay UE can accept the Remote UE’s request even if the quality of D2D link does not have superior quality, as no other Relay UE has accepted the Remote UE. This is done to ensure that in case of an out-of-coverage Remote UE, it can be good to a connection via relay even if the D2D link is not good enough.

Proposal 2 The Relay UE can be configured by the network to limit the number of responses to the relay solicitation initiated by the Remote UE. This can be based on e.g. signal quality or signal strength of the sidelink.

3.2 Details of measurement reporting
When the Remote UE is in coverage and the relay selection is performed by eNB, the Remote UE reports candidate relays along with relevant measurements/reports to eNB, as proposed in [2]. The issues here are related to when, how many, and which candidate relays should be reported.  In the following, we address these issues.
1.
When should the Relay UEs be reported?

The reporting trigger could be periodic or it could also be based on a certain event. The trigger event can be configured at the Remote UE by the network. It could be based on legacy events, e.g., Relay UE becomes X dB stronger than serving cell.
2.
How many Relay UEs should be reported?

The network can configure the Remote UE with how many Relay UEs it should report. The Relay UE can decide if it wants to report less number of Relay UEs than what is allowed by the network.

3.
Which Relay UEs should be reported?
A Remote UE can implement a ranking rule based on different parameters, including Cellular RSRP, Relay UE PHR, RRC configuration flag, which are reported to the Remote UE from the Relay UEs. In addition, the Remote UE can perform D2D RSRP/RSRQ measurements on the signal received from the Relay UEs and take those into account while ranking the relays. Based on the ranking, the Remote UE can report the potential Relay UEs to the network. The ranking rule is configured by the network.

Proposal 3 The Remote UE in-coverage can trigger the relay measurement report either periodically or based on an event. The triggering event is configured by the network.
Proposal 4 The network configures the maximum number of relays that can be reported to eNB from the Remote UE in-coverage.
Proposal 5 The Remote UE in-coverage can decide based on a ranking rule which Relay UEs should be reported to eNB for a possible relay selection. The ranking rule is configured by the network.
4 Conclusions

In section 2 we made the following observations:
Observation 1
When a Remote UE (in-coverage or out-of-coverage) initiates a relay selection request, several Relay UEs in proximity can respond to this request, causing congestion and interference.
Observation 2
When a Relay UE is selected by eNB for an in-coverage Remote UE, the Remote UE should decide on when, how many, and which relays should be reported to eNB to assist in the relay selection.


Based on the discussion in section 2 we propose the following:
Proposal 1
When evaluating solutions for relay selection the signalling load for both PC5 and Uu interface should be taken into account.
Proposal 2
The Relay UE can be configured by the network to limit the number of responses to the relay solicitation initiated by the Remote UE. This can be based on e.g. signal quality or signal strength of the sidelink.
Proposal 3
The Remote UE in-coverage can trigger the relay measurement report either periodically or based on an event. The triggering event is configured by the network.
Proposal 4
The network configures the maximum number of relays that can be reported to eNB from the Remote UE in-coverage.
Proposal 5
The Remote UE in-coverage can decide based on a ranking rule which Relay UEs should be reported to eNB for a possible relay selection. The ranking rule is configured by the network.
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