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1   Introduction
At RAN2 #89bis meeting, UE-to-Network Relay was discussed and the following agreements were reached [1]: 
	1) The remote UE can take radio level measurements of the PC5 radio link quality.  
2) For out-of-coverage, the radio level measurements can be used by the remote UE together other higher layer criteria to perform relay selection.   
3) For in-coverage, it is FFS how these measurements are used (e.g. the measurements can be used by the UE to perform selection similar to out-of-coverage case, or they can be reported to the eNB).    
4) FFS how reselection is handled and who performs reselection decision.  FFS if Uu link quality is required for selection/reselection purposes. 


So it was agreed that the radio level measurements of PC5 link quality are used to perform relay selection. But it is still FFS how relay selection is performed for in coverage case and how relay reselection is handled. In this paper, we first analyze the relay selection issue for both out of coverage and in coverage scenario and we discuss the level of eNB involvement. Then we discuss the relay re-selection issue.
2   Relay selection
Out of coverage remote UE
When a remote UE wants to connect to the network, it is natural that it first performs the cell selection and reselection procedure and tries to find a suitable cell to connect. If no suitable cell can be found, the remote UE may turn to a UE-to-Network Relay. In this case, it should first try to discover nearby Relay UEs. The Relay discovery procedure could be based on the Mode A or Mode B [2]. In Mode A, the Relay announces the Relay discovery message periodically. In Mode B, the remote UE announces the Relay solicitation message and the Relay UE sends a Relay response message to the remote UE. If multiple relays are discovered by an out of coverage remote UE, it should decide which relay to select. 
As agreed at RAN2#89bis, the out-of-coverage remote UE could use the radio level measurements together with other higher layer criteria to perform relay selection. During the discovery procedure, the remote UE may measure the signal strength of the Relay discovery message (Mode A) or the Relay response message (Mode B). In order to ensure that the packets to and from a remote UE can be forwarded smoothly, it is proposed to define a relay selection criterion. Namely, the relay could be selected when at least the following criterion is fulfilled:
Sslrxlev > Qslrxlevmin, 
where Sslrxlev is the sidelink radio measurement of the Relay and Qslrxlevmin is a pre-configured minimum PC5 link signal strength threshold
If the remote UE discovers one Relay which fulfils this criterion, it can further check higher layer criteria to see if this Relay is suitable. If the higher layer criteria can also be fulfilled, the remote UE could select this Relay for the subsequent establishment of the secure layer-2 link and for packet forwarding. Otherwise, the remote UE has to discover other potential Relays. 
In addition to the PC5 link quality and the higher layer criteria, it is FFS if the Uu link quality is required Relay selection purposes. In our opinion, it is not necessary to consider the Uu link quality for relay selection by remote UEs. As discussed in [3], a relay capable UE could be configured to act as a Relay only if it fulfils the related criteria. One of the criteria is the Uu link quality. Only if the relay capable UE’s Uu link is good enough it could have the opportunity to be configured as a Relay. The slight difference among the Uu link quality of different Relays does not make an obvious performance difference for the data forwarding to and from the remote UE. Furthermore, the introduction of Uu link quality for the relay selection would require the insertion of a new field in the Relay discovery message which has stringent payload length restrictions (232bits). Based on the above analysis, it is recommended that the Uu link quality is not used for relay selection by the remote UE.
Proposal 1: Cell selection and reselection should always take priority over relay selection. 
Proposal 2: the remote UE shall measure the signal strength of the Relay discovery message (Mode A) or the Relay response message (Mode B) and consider the Relay as suitable only if the measurement exceeds a corresponding signal strength threshold.
Proposal 3: Only if the relay capable UE’s Uu link is good enough it could have the opportunity to be configured as a Relay. It is not necessary to consider the Uu link quality for relay selection by the remote UE. 
In coverage remote UE
In addition to out of coverage remote UEs, it was agreed that in coverage remote UEs should also be addressed. As shown in Figure 1, the in coverage remote UE1 is moving from in coverage to the out of coverage area. UE1 detects that the Uu link measurement result of its serving cell is lower than a pre-configured threshold and the measurement results of neighbouring cells are also not good enough for a potential handover. In order to keep connection with the network, UE1 may try to find and connect to a Relay. Through the Relay discovery procedure (Mode A or Mode B) UE1 may discover Relay1 and Relay and take radio measurements of the corresponding PC5 link quality. Whether the measurements can be used by UE1 to perform relay selection by itself or whether the measurements can be reported to the eNB is still FFS. 
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Figure 1 Relay selection for in coverage remote UE
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Figure 2 Typical procedure for the eNB controlled relay selection procedure
In our opinion, it is better to keep the eNB informed of the UE’s connection status. As shown in Figure 2, UE1 reports the PC5 link measurement result of Relay1 and Relay2 to the eNB. The eNB determines whether it is necessary to select a Relay for the remote UE based on the measurement report. If the eNB decides to select the Relay1 for UE1, it sends the relay configuration to UE1 and commands UE1 to connect to the Relay1. Upon receiving the relay configuration, UE1 performs the one-to-one communication connection establishment with the Relay1. Once the one-to-one communication connection is successfully established, UE1 may send the relay configuration complete message to eNB and switch its data transmission from the EPC path to the relay path immediately. Alternatively, the UE1 may choose not to switch to the relay path and continue its data transmission via the Uu interface. Only when the Uu link quality further degrades, the UE1 may switch to the relay path. In this case the relay path would be just prepared for the worst case. If the worst case does not happen, the UE would never switch its path. When receiving the relay configuration complete message from the UE1, the eNB may release the S1 and RRC connection with UE1 immediately (for the former case) or maintain the PDN connection (for the latter case). 
Proposal 4: For in coverage remote UEs, Relay measurement results should be reported to the eNB and the eNB should control the relay selection.
3   Relay reselection
The remote UE may move around and the previously selected Relay may be no longer suitable. As mentioned before, the cell selection and reselection always takes priority over relay selection. This principle also applies to the relay reselection. 
When a degradation of PC5 link quality for the connected Relay is detected and no RRC connection is maintained with a cell, the remote UE first performs a cell selection. If it detects a cell that satisfies the S-measure, it should consider connecting to the network instead of reselecting to another Relay. In this case, the remote UE tries to setup a RRC connection with the detected cell. If the RRC connection is successfully established, the remote UE may report to the eNB that it also connects to a relay. And the eNB could also take the decision whether the remote UE should switch from the relay path to the EPC path. 
On the other hand, if the remote UE fails to select a suitable cell, it is necessary to perform a relay reselection. If the radio measurement of the PC5 link quality for the selected Relay Sslrxlev is still higher than Qslrxlevmin but lower than a pre-configured reselection threshold Qslreselect, the remote UE may try to discover other Relays and take radio level measurements of these Relays. Similarly to the cell re-selection, the remote UE may perform ranking of all relays that fulfil the relay selection criterion. The relays that do not fulfil higher layer criteria are excluded from the ranking. If a Relay is ranked as the best Relay, the remote UE shall perform relay reselection to that Relay. In order to avoid frequent relay re-selection, a hysteresis value may be introduced for the serving Relay to add its weight during the ranking, just as the cell re-selection does. 
For an in coverage remote UE that keeps a RRC connection with the eNB as discussed in Section 2.2, when a degradation of the PC5 link quality for the connected relay is detected, the eNB should control the relay re-selection. The remote UE may perform the Relay discovery procedure and take radio measurements of the PC5 link quality for the detected Relays. Then the remote UE reports the PC5 link measurement results of discovered Relays to the eNB. The eNB determines whether it is necessary for the remote UE to reselect a relay based on the measurement reports. If the eNB decides to reselect another Relay for the remote UE, it sends a relay re-configuration message to the remote UE. Upon receiving the relay reconfiguration, UE1 reselects to the Relay configured by the eNB.
Proposal 5: Cell selection and reselection always takes priority over relay reselection.
Proposal 6: An out of coverage UE shall perform the relay re-selection decision by itself, when the PC5 link quality for the selected Relay is lower than a pre-configured reselection threshold.
Proposal 7: For an in coverage remote UE, which has a RRC connection with the network, the eNB should control the relay re-selection, based on radio measurements of the PC5 link quality for the detected Relays, reported by the remote UE to the eNB.
4   Conclusion
In this paper, we first analyzed the relay selection issue for both out of coverage and in coverage scenario and discussed the level of eNB involvement. Then we addressed the relay re-selection issue. 
We then derived the following proposals:
Proposal 1: Cell selection and reselection should always take priority over relay selection. 
Proposal 2: the remote UE shall measure the signal strength of the Relay discovery message (Mode A) or the Relay response message (Mode B) and consider the Relay as suitable only if the measurement exceeds a corresponding signal strength threshold.
Proposal 3: Only if the relay capable UE’s Uu link is good enough it could have the opportunity to be configured as a Relay. It is not necessary to consider the Uu link quality for relay selection by the remote UE. 
Proposal 4: For in coverage remote UEs, Relay measurement results should be reported to the eNB and the eNB should control the relay selection.
Proposal 5: Cell selection and reselection always takes priority over relay reselection.
Proposal 6: An out of coverage UE shall perform the relay re-selection decision by itself, when the PC5 link quality for the selected Relay is lower than a pre-configured reselection threshold.
Proposal 7: For an in coverage remote UE, which has a RRC connection with the network, the eNB should control the relay re-selection, based on radio measurements of the PC5 link quality for the detected Relays, reported by the remote UE to the eNB.
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