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1   Introduction
At RAN2 #89bis meeting, UE-to-Network Relay was discussed and the following agreements were reached [1]: 
	1) For the relay discovery and relay selection both in-coverage and out-of-coverage scenarios remote UEs can be addressed.   
2)  Potential minimization of service interruption will be discussed for the cases where the UE is moving from in-coverage to out-of-coverage and from out-of-coverage to in-coverage.  
3)  Relay UE will always be in-coverage.  The eNB at the radio level can control whether the UE can act as a relay.   FFS whether the network control is per relay UE, per cell (broadcast configuration), or both.  


It was then agreed that the eNB at the radio level can control whether the UE can act as a relay. It is still FFS whether the network control is per relay UE, per cell, or both. In this paper, we first analyze the potential scenarios for the UE-to-Network Relay and propose the criteria for acting as a relay. Then we discuss when and which relay should be initiated in these scenarios. Finally we propose how the network could control the relay initiation.
2   UE-to-Network Relay scenarios
According to the coverage situation of the remote UE and the physical location of the Relay UE, the requirement for the UE-to-Network Relay can be divided into three scenarios, as shown in Figure 1. 
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Figure 1 Scenario for the UE-to-Network Relay
· Scenario1: UE1 is out of coverage and physically outside the geographical cell boundary. It requires the Relay1 located near the cell edge to forward the UE1’s packets to and from the network. This scenario may happen when the neighboring eNB is down, e.g. in some disaster scenario. 
· Scenario2: UE2 is out of coverage but it is physically within the geographical cell. In this case, it requires Relay2 located in the cell centre to forward UE2’s packets. This may happen when UE2 moves into a basement for public safety rescue operations [2].
· Scenario3: UE3 is moving from in coverage to out of coverage. In order to guarantee service continuity, UE3 connects to the Relay3 in advance even through it still has a WAN connection with the network. 
Both in coverage and out of coverage remote UEs should be addressed. For the out of coverage remote UE case, it may be located within or outside the geographical cell boundary. Therefore, Relay UEs located not only at the cell edge but also in cell centre should be considered to support remote UEs. 
Observation 1: Relay UEs located not only in cell edge but also in cell centre should be considered to support the remote UEs.
3   Criteria for acting as a Relay
There may be a lot of Relay capable UE distributed within a cell. However, not all of these Relay capable UE are qualified to act as UE-to-Network Relay. Some criteria need to be defined to filter out the qualified candidate Relay. Three criteria for the UE-to-Network Relay qualification are proposed as follows:
· Uu channel quality: All the packets to and from the Remote UE should be delivered by Relay through the Uu interface. The Relay UE’s Uu channel quality should be good enough so as to enable efficient forwarding. It means that the Relay capable UE’s cellular measurement, such as RSRP/RSRQ, should be larger than a given threshold for Relay qualification. 
· Mobility: The mobility of Relay impacts the service continuity of remote UEs. If the Relay moves with high speed, the remote UEs connected to the Relay may soon get out of the Relay UE’s ProSe transmission range and have to re-select another Relay. In order to avoid this, it is suggested that only when the Relay capable UE is stationary or moves at pedestrian speed it is qualified to act as a Relay.
· Power: If a Relay capable UE with limited remaining battery is configured as a Relay, the packet forwarding for remote UEs would quickly drain its battery power. This not only is detrimental to the relay UE’s normal operation but also for the service continuity of remote UE connected to this Relay. Hence, it is sensible that the Relay capable UE should be prohibited to act as Relay when its battery level is lower than a given threshold.
Only if the above mentioned criteria are fulfilled, a Relay capable UE should be regarded as a candidate Relay. Otherwise, it is hard for the Relay capable UE to provide the Relay service to remote UEs. When the Relay capable UEs are densely distributed within a cell, all these criteria should be jointly considered to filter out the candidate Relays. However when Relay capable UEs are sparsely distributed, it is recommended that only the most fundamental metrics be considered, such as the Uu channel quality. 
Observation 2: Not all the UE-to-Network Relay capable UEs are qualified to act as the Relay. Some criteria need to be defined to filter out the qualified candidate Relay.
Proposal 1: Uu channel quality, mobility, and battery level should be criteria for UE-to-Network Relay qualification.
Proposal 2: Only if criteria for relay qualification are fulfilled, a Relay capable UE is regarded as candidate Relay.
4   Relay initiation
A relay needs to perform the relay discovery procedure once it is initiated. According to TR23.703 [3], Mode A and Mode B Relay discovery procedure are possible. 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 response message to remote UE. Both the discovery modes require monitoring and announcing over the ProSe discovery resource. From the perspective of efficiency, it is not necessary for all candidate Relays to be initiated as Relay, especially when a lot of candidate relays are available within a given area.
Intuitively, a candidate Relay should be initiated when there are remote UEs nearby. For the Scenario 1 and Scenario 2 as shown in Figure 1(a) and Figure 1(b), Relay1 and Relay2 are adjacent to the out of coverage area and the out of coverage remote UE1 and UE2 are located within the ProSe transmission range of Relay1 and Relay2 respectively. For the Scenario 3 as shown in Figure 1(c), the Relay3 is also close to the in coverage remote UE3. Other candidate Relays far away from the remote UE have little chance to setup a connection with remote UEs. In this sense, whether a candidate Relay should be initiated depends on whether there are potential remote UEs located within its transmission range. However, it is hard for the eNB and candidate Relays to tell where the potential remote UEs locate, especially for Scenario1 and Scenario 2. In addition, it is not clear if the eNB is aware of out of coverage areas and UEs’ location. Based on the level of awareness, Relay initiation can be discussed for the following two cases.
· Case 1: eNB is aware of out of coverage area and UE’s location
If the eNB has the knowledge of out of coverage areas and UEs’ location, it may select the candidate Relays adjacent to the out of coverage areas to act as relays. As shown in Figure 2, Relay1~4 are selected to cover the edge area of a coverage hole. The selected Relays may initiate the Mode A discovery procedure to periodically announce the Relay discovery announcement message. If one remote UE within the coverage hole wants to connect to the network through relay, it can start monitoring the Relay discovery announcement message. If such a message is received, it may select the Relay and then establish the secure layer-2 link for data forwarding. For Scenario 3 in Figure 1(c), if the eNB is aware of UE’s location, it may select the Relays that are adjacent to the remote UE and trigger them to perform Mode A discovery. The relay initiation for this case is quite simple and only a small set of candidate relays are initiated. 
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Figure 2 Relay selected to cover the coverage hole
· Case2: eNB is not aware of out of coverage area
In a more typical case, the eNB has no idea of the out of coverage areas. It is then hard for the eNB to perform a precise Relay initiation decision. If the eNB has the knowledge of UE’s location, it may select the candidate Relays evenly distributed within the cell. Otherwise, it could only initiate all the candidate relays. However, a lot of candidate relays would be initiated in this case. If all these initiated Relays perform the Mode A discovery procedure to periodically announce the Relay discovery announcement message, this may lead to a serious contention of discovery resources. 
In order to alleviate this problem, the candidate Relays should be firstly initiated as passive relays, performing the Mode B relay discovery procedure. Namely, the initiated passive relay only monitors the relay solicitation message. If the Relay solicitation message from a remote UE is received, as shown in Figure 3, a passive Relay determines that a remote UE is nearby and then it turns into an active Relay. As an active relay, it sends the relay response message to remote UE, establishes the secure layer-2 link with the remote UE, and forwards data packets to and from the remote UE. Meanwhile, the active Relay starts to perform the Mode A relay discovery procedure which periodically announces the relay discovery announcement message. 
From the perspective of the remote UE, the remote UE first tries to monitor the Relay discovery announcement message. If no such message is received, it may send the Relay solicitation message. Otherwise, if it detects the Relay discovery announcement message, this remote UE may directly select the active Relay for data forwarding. If a remote UE moves to another area or it no longer requires connecting to the network, the connection between the remote UE and active Relay may be released. When none of the remote UEs connects to an active Relay, the active Relay may turn into the passive Relay state again. 
With the two relay states approach, an active relay phase is initiated only when a remote UE appears. Most of the relays would remain in passive state and just monitor the discovery resource without performing any announcements. In this way, power and resource efficiency could be achieved. 
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Figure 3 Illustration of the two Relay states
Observation3: From the perspective of power and resource efficiency, it is not necessary to initiate all candidate Relays to act as relay. Only the candidate Relay that potentially has remote UEs within its transmission range should be initiated. 
Proposal 3: The eNB’s awareness of the out of coverage areas and UEs’ location should be considered for the Relay initiation design. 
5   Discussion on the network control
It was agreed at RAN2#89bis that the eNB at the radio level can control whether the UE acts as a relay. In this section, we discuss what kind of network control is necessary for the relay initiation. 
As discussed before, a relay capable UE should fulfil some criteria before it could be initiated as a Relay. The eNB may send the thresholds value corresponding to these criteria to the relay capable UEs, for example, the minimum Uu RSRP/RSRQ threshold, the minimum remaining power threshold and the maximum mobility level. Since these criteria apply to all the Relay capable UEs and the corresponding thresholds usually do not change, the eNB may broadcast this info through a SIB. If a Relay capable UE is interested to act as the UE-to-Network Relay, it receives the SIB that carries the thresholds for the Relay qualification. A Relay capable UE then uses these thresholds and its measurement result to check whether it is qualified to act as a Relay. 
Alternatively, if tight network control is preferred, the eNB may only broadcast the Relay indication in the new SIB. A Relay capable UE interested to act as Relay shall send the Relay interest indication to eNB. Upon receiving such an indication, the eNB sends the Relay threshold to the UE through dedicated signalling. Then the Relay capable UE may compare these thresholds with its measurement result to check if it is qualified to act as a Relay. Moreover, a Relay capable UE may send its RSRP measurement result, remaining power and mobility state to the eNB and the eNB can take the decision whether the UE is qualified to act as a Relay.
Proposal 4: Since the Relay criteria apply to all the Relay capable UEs and the corresponding thresholds usually do not change, eNB could broadcast the thresholds through a SIB for relay qualification.
Proposal 5: If tight network control is preferred, the eNB may also only broadcast the Relay indication in a SIB and the thresholds for the relay qualification are delivered to relay capable UEs through dedicated signalling. 
As analyzed in Section 4, the eNB awareness of the out of coverage areas and UEs’ location has an impact on the Relay initiation and also on the network control procedure. The potential relay initiation procedures for the Case 1 (eNB is aware of out of coverage areas and UEs’ location) and Case 2 (eNB is not aware of out of coverage areas and UEs’ location) are addressed in the following. 
· Relay initiation procedure for Case 1
As shown in Figure 4, since the eNB has the knowledge of out of coverage areas and UEs’ location, it may directly select the relay UE that fulfils all the criteria. If the Relay capable UE1 is selected, the eNB sends the relay initiation message to UE1. Along with the Relay initiation, the eNB may send the ProSe discovery and communication transmission resources configuration to UE1. After receiving the relay initiation and configuration message, UE1 is initiated as active Relay. It can then start to periodically send Relay discovery announcement messages and wait for direct communication requests from remote UEs. 
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Figure 4 Typical procedure for the relay initiation (Case 1)
· Relay initiation procedure for Case 2
If the eNB has no knowledge of the out of coverage areas and Relay capable UEs’ geographical locations, it is hard for the eNB to consciously select which candidate relay should be initiated as (passive) relay. One simple approach is to initiate all the candidate Relays as passive relays. For example, when the Relay capable UE1 reads the related SIB and finds it fulfils all the relay criteria, it autonomously initiates as passive relay and starts to monitor the relay solicitation messages as shown in Figure 5. In this way, the passive relay is initiated implicitly without eNB’s involvement. 
When an out of coverage remote UE2 wants to connect to the network through UE-to-Network relay, it first monitors the Relay discovery reception resource pool, without detecting any Relay discovery message. It then announces the Relay solicitation message and tries to find a relay nearby.
Upon receiving the Relay solicitation message from remote UE2, the passive Relay may turn into an active Relay. It is possible that multiple passive Relays are close to the remote UE and receive the Relay solicitation message. In this case all of them may turn into active Relays. Active Relays send the relay response message to Remote UE2, a relay is selected (by the remote UE if the remote UE is out of coverage, or by the eNB if the remote UE is in coverage), the one to one PC5 connection with remote UE2 is established and data packet forwarding can start. Active relays also start to periodically announce relay discovery messages, so that subsequent remote UEs could discover and connect to such relays.
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Figure 5 Typical procedures for the Relay initiation (Case 2)
Both “per relay UE” network control (as in case 1) and “per cell” network control (as in case 2) could then be useful. Considering the various scenarios, different level of eNB’s awareness of the out of coverage areas and UEs’ location, it is suggested that both “per relay UE” and “per cell” network control are supported to realize relay initiation. 
Proposal 6: Both the “per relay UE” and “per cell” network control shall be supported.

6   Conclusion
In this paper, we first analyzed the potential scenarios for the UE-to-Network Relay and proposed the criteria for acting as a relay. Then we discussed when and which relay should be initiated in these scenarios. Finally we proposed how the network could control the relay initiation. Several observation and proposals were derived.
Observation 1: Relay UEs located not only in cell edge but also in cell centre should be considered to support the remote UEs.
Observation 2: Not all the UE-to-Network Relay capable UEs are qualified to act as the Relay. Some criteria need to be defined to filter out the qualified candidate Relay.
Observation3: From the perspective of power and resource efficiency, it is not necessary to initiate all candidate Relays to act as relay. Only the candidate Relay that potentially has remote UEs within its transmission range should be initiated. 
Proposal 1: Uu channel quality, mobility, and battery level should be criteria for UE-to-Network Relay qualification.
Proposal 2: Only if criteria for relay qualification are fulfilled, a Relay capable UE is regarded as candidate Relay.
Proposal 3: The eNB’s awareness of the out of coverage areas and UEs’ location should be considered for the Relay initiation design. 
Proposal 4: Since the Relay criteria apply to all the Relay capable UEs and the corresponding thresholds usually do not change, eNB could broadcast the thresholds through a SIB for relay qualification.
Proposal 5: If tight network control is preferred, the eNB may also only broadcast the Relay indication in a SIB and the thresholds for the relay qualification are delivered to relay capable UEs through dedicated signalling. 
Proposal 6: Both the “per relay UE” and “per cell” network control shall be supported.
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