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1 Introduction
In accordance with [1, Section 7.2.5], the relay selection and reselection procedure needs to consider radio layer information. Furthermore in [1, Section 7.2.5], SA2 notes that: “The […] radio layer selection criteria will be specified by RAN WGs. Relay selection/reselection may need to be evaluated based on RAN2 work.”

In this paper, we propose radio related rules for selection and reslection of UE-NW relays when the remote UE is out-of-coverage. For an in-coverage remote UE, a relay UE is selected by the eNB. The paper is organized as follows. In Section 2, we discuss that the using the quality of cellular link (Relay UE-NW link) is essential for the selection of a relay. In Section 3, we discuss the benefit of condidering D2D link quality measurements for relay selection. In Section 4 and Section 5, we provide a rule for relay selection and a rule for relay reselection, based on both cellular link quality and D2D link quality meausrements. 
2 The Use of Uu Link Quality
In [2] the performance of five different relay selection schemes is evaluated via system level simulations. The results reveal that a relay selection rule that does not consider the quality of cellular link can be very inefficient in utilizing WAN resources. A relay selection rule solely based on PC5 link quality (D2D RSRP) is shown to increase WAN resource utilization upto 43% compared to the baseline scheme where the relay is selected solely based on the quality of Uu link (DL RSRP or DL SINR). Similary, a physical layer agnostic relay selection (random selection withink NW and D2D coverage) is also shown in [2] to provide worse results both in terms of end-end performance and WAN resource utilization. Furthermore, it is shown that relay selection solely based on Uu link quality (i.e., ranked according to DL RSRP or DL SINR) is very efficient in terms of WAN resource utilization, while giving reasonable end-end performance. 

Keeping these results in view, we maintain that the cellular link quality measurements (DL RSRP and DL RSRQ) need to be included in the relay discovery message and the relay selection by the remote UE must be based on the reported Uu link quality measurements.
Observations: 
· A physical layer agnostic relay selection (random selection withink NW and D2D coverage) provides worse results both in terms of end-end performance and WAN resource utilization
· A relay selection rule solely based on PC5 link quality (D2D RSRP) can significantly reduce WAN resource utilization efficiently
· A relay selection solely based on Uu link quality is efficient in terms of WAN resource utilization, while giving reasonable end-end performance. 
Proposal:

· The relay selection and reselection rule must include a cellular (Uu) link quality measurement (DL RSRP/DL RSRQ) in order to efficiently utilize WAN resources
3 The Use of PC5 Link Quality

Although the relay selection solely based on D2D RSRP gives worst results in terms WAN resource utilization [2], the system level simulations in [2] also demosntrate that the same slection scheme (based on D2D RSRP) provides very good end-end performance (where end-end performance was reported in terms of total number of UEs relayed and the fraction of packet failures). Therefore, the use D2D RSRP is beneficial for an appropriate relay selection.

Moreover, in certain situations D2D RSRQ can be a more useful measurement than D2D RSRP, since it reflects load and interference situation associated with a relay UE. D2D RSRQ measurement is useful in avoiding overload on relay UEs, reducing probability of service interruption, and selecting a relay UE that is using a communication resource pool with lower load/interference. In the RAN2 e-mail discussion on Relay UEs [4] before this meeting, several companies expressed the benefit of using some type of load parameter to be used in relay selection. We believe that considering D2D RSRQ measurement in relay selection rule captures load information and therefore should be included in the relay selection criterion. 
Observations: 
· The use of PC5 link quality measuremet (D2D RSRP) is beneficial for relay selection in terms of end-end performance. However, the relay selection rule must not solely depend on D2D RSRP due to its demonstrated inefficiency in utilizing WAN resources
· The use of D2D RSRQ measurement in relay selection criterion is useful in avoiding overload on relay UEs, reducing probability of service interruption, and selecting a relay UE that is using a communication resource pool with lower load/interference. 

Keeping these observations in view, we maintain that the use of PC5 link quality measurements, D2D RSRP and D2D RSRQ, is beneficial for an appropriate relay selection. In our companion contributions [3,5], we have provided remaining details on the procedures related to D2D link measurements (D2D RSRP and D2D RSRQ) and also discussed accuracy of  D2D RSRP measurements. 
Proposal:

· The relay selection rule should either consider D2D RSRP or D2D RSRQ measurement, in addition to DL RSRP or DL RSRQ.
4 The Relay Selection Rule

As discussed in Section 2 and Section 3, the use of Uu link quality measurements (DL RSRP/Q) is essential from WAN resource utilization efficiency perspective and the use of PC5 link quality measurements (D2D RSRP/Q) is beneficial for improving end-end performance. Therefore, the relay selection rule should optimally combine the two measurements, in order to deliver a relay selection criterion that achieves optimal tradeoff between WAN resource utilization and end-end performance. Moreover, the network operator should have the possibility to trafedoff resource utilization efficiency and the end-end performance is desired.  In [2] a relay selection rule based on a linear combination of cellular link quality and D2D link quality is proposed as follows:  w*cellular link quality + (1-w)*D2D link quality, where ‘w’ is a parameter configured by the network. Although this rule has the desired flexibility of trading between the WAN resource utilization efficiency and the end-end performance, a major issue is that under this rule a remote UE can select a relay UE that where there is a significant imbalance between the qualities of the two links (hops). For example if the D2D link quality is very good but the cellular link quality is bad, then a linear combination of the two link measurements can achieve a high value but this value does not reflect the overall quality of the two hop connection.  
Observation:

· In order to tradeoff between WAN resource utilization efficiency and end-end performance, the relay selection rule should be based on a ranking metric that combines cellular RSRP/Q or D2D RSRP/Q measurement to assess the performance of the overall two hop connection

· A ranking metric based on a linear combination of cellular RSRP/Q or D2D RSRP/Q measurements may not reflect the quality of the two hop connection, when there is a significant imbalance in the quality of the two hops.

Keeping the observations in view, we propose the following relay selection rule.
Relay Selection Rule:  Let ‘D_i’ be a D2D link measurement related to i-th Relay UE and let ‘C_i’ be a Cellular link quality measurement related to i-th Relay UE. Here, the link quality measurements refer to either RSRP or RSRQ. First we define the set of candidate relays as those relay UEs which satisfy ‘D_i>D_th’ and ‘C_i>C_th’, where ‘D_th’ and ‘C_th’ are configured by the network with D_th=0 and C_th=0 as possible configutaions. Now assuming that there are ‘N’ candidate relays, the following ranking metric is computed for all candidate relay UEs:
R_i = min {a*D_i, b*C_i},   for all i=1,2,…, N

where (a,b) are variables that are configurable by the network. The relay UE that provides the highest value of ranking metric R_i is then selected as the relay. 
Proposals:
· The ranking rule for relay selection at the out-of-coverage remote can be 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}, where the parameters (a,b) are scalars that are (pre)configured by the network.

· A relay UE is considered in the ranking rule only if the two link qualities that are included in the ranking criterion (e.g., Cellular RSRP/Q and D2D RSRP/Q) are above certain network (pre)configured threshold(s), where the value zero for the threshold(s) is a configurable option.
5 The Relay Re-selection Rule

In [1, Section 7.2.5], SA2 notes that: “Relay reselection when required is performed using relay selection procedure.” Therefore, the proposed ranking rule in Section 4 can be used for relay selection with the inclusion of hysteresis parameters to avoid ping-pong relay re-selections by the remote UE, as follows. 

Relay Selection Rule:  For the serving relay UE, compute the ranking metric as proposed in Section 4. For the non-serving candidate relay UEs, modify the ranking metric as follows:

R_i = min {a*R_i + q1, b*C_i + q2},   where (q1,q2) are the two hysteresis parameters that are confgured by the network. Find the non-serving relay UE with highest ranking metric and re-select to this non-serving relay UE only if its ranking metric gives a higher value than the ranking metric of the serving relay UE. 
Proposal:
· In order to avoid ping pong relay reslections, hysteresis parameters (q1,q2)  should be included in the ranking metric for the relay re-selection as follows:  
·  min{a*D2D RSRP + q1,b* DL RSRP + q2}, or 
·  min{a*D2D RSRQ + q1 , b* DL RSRQ + q2}, 
where the non-negative parameters (q1,q2) are configured by the network when the remote UE is in coverage.
6 Conclusion
In this paper, we made the following key observations:

Observations:

· A physical layer agnostic relay selection (random selection withink NW and D2D coverage) provides worse results both in terms of end-end performance and WAN resource utilization
· A relay selection rule solely based on PC5 link quality (D2D RSRP) can significantly reduce WAN resource utilization efficiently
· A relay selection solely based on Uu link quality is efficient in terms of WAN resource utilization, while giving reasonable end-end performance. 
· The use of PC5 link quality measuremet (D2D RSRP) is beneficial for relay selection in terms of end-end performance. However, the relay selection rule must not solely depend on D2D RSRP due to its demonstrated inefficiency in utilizing WAN resources
· The use of D2D RSRQ measurement in relay selection criterion is useful in avoiding overload on relay UEs, reducing probability of service interruption, and selecting a relay UE that is using a communication resource pool with lower load/interference. 

· In order to tradeoff between WAN resource utilization efficiency and end-end performance, the relay selection rule should be based on a ranking metric that combines cellular RSRP/Q or D2D RSRP/Q measurement to assess the performance of the overall two hop connection

· A ranking metric based on a linear combination of cellular RSRP/Q or D2D RSRP/Q measurements may not reflect the quality of the two hop connection, when there is a significant imbalance in the quality of the two hops.

Based on the observations and discussions, we have proposed the following relay selection and re-selection rules.
Proposals:
· The relay selection and reselection rule must include a cellular (Uu) link quality measurement (DL RSRP/DL RSRQ) in order to efficiently utilize WAN resources
· The relay selection rule should either consider D2D RSRP or D2D RSRQ measurement, in addition to DL RSRP or DL RSRQ.

· The ranking rule for relay selection at the out-of-coverage remote can be 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}, where the parameters (a,b) are scalars that are (pre)configured by the network.

· A relay UE is considered in the ranking rule only if the two link qualities that are included in the ranking criterion (e.g., Cellular RSRP/Q and D2D RSRP/Q) are above certain network (pre)configured threshold(s), where the value zero for the threshold(s) is a configurable option.

· In order to avoid ping pong relay reslections, hysteresis parameters (q1,q2)  should be included in the ranking metric for the relay re-selection as follows:  

·  min{a*D2D RSRP + q1,b* DL RSRP + q2}, or 
·  min{a*D2D RSRQ + q1 , b* DL RSRQ + q2}, 
where the non-negative parameters (q1,q2) are configured by the network when the remote UE is in coverage.
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