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1 Introduction

SA2 noted in [1] that “the radio level information and radio layer selection criteria will be specified by RAN WGs”. Therefore, we believe that RAN2 should discuss which possible criteria the remote UE should follow when selecting the relay UE in public safety discovery scenarios. 

In this paper, we propose radio related rules for selection and reselection of UE-to NW relays when the remote UE is out-of-coverage. 
2 Discussion
In our companion contribution [2], we discuss possible radio layer parameters that can be included by the Relay UE into the MAC PDU of the discovery transmission. In particular, in that paper we argue that the cellular RSRP/RSRQ is a critical piece of information that the relay should include in the discovery message in order to allow the remote UE to ensure proper operation for UE-to NW relay.

In this contribution, we investigate how such parameters included in the MAC PDU by the relay UE can be conveniently exploited by the out-of-coverage remote UE for relay selection. For the in-coverage case, we believe that the network should select the most appropriate relay on the basis of measurement reports from the in-coverage remote UE. 
2.1 The relay selection
Simulation results in [3] show the benefit of including cellular Uu quality in the relay selection criteria especially in terms of efficiency 
of Uu resource utilization. However, the paper in [3] also shows that a selection scheme solely based on D2D RSRP provides good end-to-end performance (where end-end performance was reported in terms of total number of UEs relayed and the fraction of packet failures) although it gives worst results in terms of Uu resource utilization. 

Observation 1 A relay selection rule that considers PC5 link quality measurements can be very efficient in terms of end-to-end performance.

Observation 2 A relay selection rule that considers Uu link quality measurements can be very efficient in terms of Uu resource utilization.
As such, we believe that the use of PC5 link quality measurements (such as D2D RSRP/D2D RSRQ) should be combined with the Uu link quality measurements (that are transferred by the Relay UE in the discovery message) when performing relay selection. This would lead to a good trade-off between Uu resource utilization and end-to-end performance.

Proposal 1 D2D RSRP/RSRQ and cellular RSRP/RSRQ should be used for relay selection in order to achieve a good trade-off between Uu resource utilization and end-to-end performance.

Moreover, the network operator should be in control of this trade-off. In line with this, we further analyse the relay selection criteria.

2.1.1 The relay selection rule out of coverage
Assuming that the cellular RSRP/RSRQ is made available at the remote UE via the discovery MAC PDU from the Relay UE, and that the Remote UE can estimate the D2D RSRP/RSRQ from the PC5 link, different relay selection rules can be envisaged. Here we list possible alternatives:
1)
Select the Relay UE that has the best linear combination of Uu and PC5 link measurements. 

2)
Select one of the Relay UEs whose Uu and PC5 link quality measurements are above a certain threshold.
3)
Select the Relay UE whose worst RSRP value in either PC5 or Uu link quality measurement is the best.
4)
Select the Relay UE which has the best RSRP on either the PC5 link or the Uu link.
Among the above alternatives, we believe that the option 3) is the best compromise. For instance, considering the two hops (Remote UE-Relay UE and Relay UE-NW), option 3) ensures that the specified quality of the weakest link among the two hops associated with the selected Relay UE, is actually the best among all candidate Relay UEs. Instead, in option 4) for instance bottlenecks might be generated. Option 3) seems also to reduce the possibility of selecting a Relay UE that has one link (hop) with very good quality and the other with very bad quality. For example, if instead of option 3), one considers linear combination of D2D link measurement and cellular measurement (option 1), then it can easily happen that one selects a Relay UE which has a significant imbalance between the qualities of the two links (hops).
In particular, focusing on option 3) the selection rule that the remote UE can apply can be the following:
R_i = min {a*x_i, b*y_i},   for all i=1,2,…, N
where ‘x_i’ is a PC5 (D2D) link measurement related to i-th Relay UE and ‘y_i’ is a Uu (DL) link quality measurement related to i-th Relay UE. Here, the link quality measurements refer to either RSRP or RSRQ. ‘N’ are the possible candidate relays in the discoverable range of the Remote UE and (a,b) are non-negative weights that are configured by the network. The relay UE “i” that provides the highest value of metric R_i is then selected as the Relay UE.

We note that in the above criterion the network can configure the scalars (a,b) in order to have the possibility to give less importance to D2D RSRP measurement in the relay selection (by choosing a high value of a) or vice versa (by choosing a high value of b).
Proposal 2 The ranking rule for relay selection at the out-of-coverage remote UE is based on one of the following two metrics: 

i.   min{a*D2D RSRP, b*DL RSRP}, or  

ii.   min{a*D2D RSRQ, b*DL RSRQ}, 

The parameters (a,b) are weights that are configured by the network when the remote UE is in coverage, or preconfigured or configured by the ProSe function when the remote UE is out of coverage.
In the above proposed criterion, it is worth noting that a Relay UE will always be selected even though the quality of the two links is bad. Although having one relay connection can be desirable for public safety UEs regardless of the quality, we also argue that this might generate additional interference in both Uu and PC5 interface with no significant end-to-end performance benefit. Therefore, we propose that the Uu and PC5 link quality of the selected Relay UE has to be higher than a configurable cellular RSRP and D2D RSRP threshold respectively.  Such thresholds can be configured by the network.
Proposal 3 The D2D RSRP and the cellular RSRP of the selected Relay UE shall be above a configurable D2D RSRP and cellular RSRP threshold respectively. 
Proposal 4 The cellular RSRP and D2D RSRP thresholds are configured by the network when the remote UE is in coverage, or preconfigured or configured by the ProSe function when the remote UE is out of coverage.
2.1.2 Relay selection in coverage
RAN2 has agreed to support relay selection in coverage. The argument behind this is to minimize service interruption when a UE moves out of coverage. To aid the eNB in the relay selection, the Remote UE should transmit a measurement report of detected Relay UEs to the eNB. Measurement reports are triggered by certain measurement events defined in RRC. A typical event for a “handover” to a Relay UE would be A2, Serving cell becomes worse than threshold, as a UE moving out of coverage (and therefore in need of a Relay UE) would experience this.

Proposal 5 Existing measurement events shall be configurable to trigger measurement reports of Relay UEs.
As seen in previous sections of this paper, it is beneficial to use both D2D and DL RSRP/RSRQ when performing relay selection. Similar to a handover, an eNB can also use other internal metrics, e.g. its load, the UL/DL buffer status, the UL quality as input to the relay selection.

Proposal 6 Existing measurement reports shall be configurable to include D2D RSRP and DL RSRP or D2D RSRQ and DL RSRQ for each detected Relay UE.
2.1.3 The relay reselection rule out of coverage
UEs out of coverage might also need to perform relay reselection if ProSe communication quality with current Relay UE is not good any longer. Therefore, a separate rule should be also defined for relay reselection. In particular, we propose to use in the selection rule discussed in Section 2.1.1, with some added hysteresis parameters to avoid ping-pong effects between the serving Relay UE (i.e. the current Relay UE) and the neighbouring Relay UEs to which to remote UE could reselect. 
For the serving Relay UE, the Remote UE can follow the selection rule proposed in Proposal 2, while for the non-serving candidate Relay UEs, the following rule should be followed:

R_i = min {a*x_i + q1, b*y_i + q2},   
where (q1,q2) are the two hysteresis parameters that are configured by the network. The non-serving Relay UE with highest ranking metric is re-selected if its ranking metric gives a higher value than the ranking metric of the serving Relay UE.

Proposal 7 The ranking rule for relay reselection of non-serving relay at the out-of-coverage remote UE is based on one of the following two metrics:  

i.  min{a*D2D RSRP + q1,b*DL RSRP + q2}, or 

ii.  min{a*D2D RSRQ + q1, b*DL RSRQ + q2} 

The parameters (a, b, q1, q2) are weights that are configured by the network when the remote UE is in coverage, or preconfigured or configured by the ProSe function when the remote UE is out of coverage.

Proposal 8 A non-serving neighbouring relay is reselected if its metric gives a higher value than the ranking metric of the serving Relay UE.
Similarly to the selection case, also for reselection the remote UE should take into account a minimum requirement on the Uu/PC5 link quality.
Proposal 9 As for relay selection, the D2D RSRP and the cellular RSRP of the (re)selected relay shall be above a configurable D2D RSRP and cellular RSRP threshold respectively. 
2.1.4 Relay reselection in coverage

Related to the in-coverage case, we believe that no reselection in general should be applied to in-coverage Remote UEs. The reason is that relay selection was supported to minimize service interruption for UEs soon to be out of coverage. If a Remote UE in coverage gets poor link quality, it should reselect to the eNB instead using existing procedures. Therefore no re-selection metrics shall be applied to in-coverage Remote UEs.

Proposal 10 No relay reselection is performed for the in-coverage case. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
A relay selection rule that considers PC5 link quality measurements can be very efficient in terms of end-to-end performance.
Observation 2
A relay selection rule that considers Uu link quality measurements can be very efficient in terms of Uu resource utilization.


Based on the discussion in section 2 we propose the following:
Proposal 1
D2D RSRP/RSRQ and cellular RSRP/RSRQ should be used for relay selection in order to achieve a good trade-off between Uu resource utilization and end-to-end performance.
Proposal 2
The ranking rule for relay selection at the out-of-coverage remote UE is based on one of the following two metrics:
i.
min{a*D2D RSRP, b*DL RSRP}, or
ii.
min{a*D2D RSRQ, b*DL RSRQ},
The parameters (a,b) are weights that are configured by the network when the remote UE is in coverage, or preconfigured or configured by the ProSe function when the remote UE is out of coverage.
Proposal 3
The D2D RSRP and the cellular RSRP of the selected Relay UE shall be above a configurable D2D RSRP and cellular RSRP threshold respectively.
Proposal 4
The cellular RSRP and D2D RSRP thresholds are configured by the network when the remote UE is in coverage, or preconfigured or configured by the ProSe function when the remote UE is out of coverage.
Proposal 5
Existing measurement events shall be configurable to trigger measurement reports of Relay UEs.
Proposal 6
Existing measurement reports shall be configurable to include D2D RSRP and DL RSRP or D2D RSRQ and DL RSRQ for each detected Relay UE.
Proposal 7
The ranking rule for relay reselection of non-serving relay at the out-of-coverage remote UE is based on one of the following two metrics:
i.
min{a*D2D RSRP + q1,b*DL RSRP + q2}, or
ii.
min{a*D2D RSRQ + q1, b*DL RSRQ + q2}
The parameters (a, b, q1, q2) are weights that are configured by the network when the remote UE is in coverage, or preconfigured or configured by the ProSe function when the remote UE is out of coverage.
Proposal 8
A non-serving neighbouring relay is reselected if its metric gives a higher value than the ranking metric of the serving Relay UE.
Proposal 9
As for relay selection, the D2D RSRP and the cellular RSRP of the (re)selected relay shall be above a configurable D2D RSRP and cellular RSRP threshold respectively.
Proposal 10
No relay reselection is performed for the in-coverage case.
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