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1   Introduction
At RAN2 #90 meeting, UE-to-Network Relay selection and reselection was discussed and several agreements were reached [1]. However, the relay initiation was not fully discussed and several issues are left to be solved, such as the pre-requisites for the relay initiation, the level of network control, and the supported RRC modes for Relay UE. On the other hand, for the relay discovery procedure, it is still FFS whether the network shall control the discovery model used by relay UE. 
In this paper, we first analyze the pre-requisites for acting as a relay UE and discuss the supported RRC modes for relay UEs and analyze the. Then we address the network control for the relay discovery model. Finally we present the typical signalling procedures for relay initiation and discovery. 
The outcome of the email discussion [90#25][LTE/ProSe] on Relay UE initiation, discovery and selection/re-selection is taken into account. In fact, many of the proposals in this contribution are exactly the same as the corresponding proposals outlined in the email discussion report [3] and are included here for completeness only (if such proposals are agreed during the online discussion of the report, the corresponding sections of this paper don’t need to be handled). The really new proposal (expressing a company position on issues that are left open by the email discussion) is Proposal 4. 
2   Discussion
2.1   Pre-requisites for acting as a relay UE
There may be a lot of relay capable UEs distributed within a cell. However, not all the relay capable UEs in a cell might be qualified to act as UE-to-Network Relay. Some pre-requisites could be defined for a relay capable UE to potentially act as a Relay UE. Also considering the outcome of the corresponding email discussion [3], two pre-requisites for acting as UE-to-Network Relay are proposed as follows:
· Minimum Uu link quality threshold: All the packets to and from a remote UE should be delivered by a relay UE through the Uu interface. The relay UE’s Uu link quality should be good enough so as to enable efficient forwarding. This means that the relay capable UE’s cellular measurement, such as RSRP/RSRQ, should be larger than a minimum Uu link quality threshold for relay qualification. 
· Maximum Uu link quality threshold: If the relay capable UE is located in the cell center with very good Uu link quality, it is also likely that its nearby UEs are also far away from the cell edge and they can directly connect to the eNB instead of through a relay. Hence, it should be possible to mandate that the relay UE’s Uu link quality is below a maximum threshold, to ensure that the UE is not in the cell center. However, considering that coverage holes may also be near the cell enter, e.g. in basements or tunnels, also relay UEs close to the eNB could be useful to address such coverage holes. Therefore, this pre-requisite should only be defined as an optional one. 
The suggested pre-requisites are definitely applicable in case relay UEs are initiated/activated by broadcast signaling But also if relay UEs are initiated/activated by dedicated signaling (so that the final decision as to whether a particular UE acts as a relay or not is eNB implementation specific), the pre-requisites could be broadcast by the network so that only qualified UEs may indicate their availability to act as a relay. 

Proposal 1a: If UEs are configured as Relay UE via broadcast signalling, the eNB may broadcast a minimum and/or a maximum Uu link quality (RSRP/RSRQ) thresholds that UEs need to respect to autonomously start acting as relay UEs.

Proposal 1b: If UEs are configured as Relay UE via dedicated signalling, the eNB may broadcast a minimum and/or a maximum Uu link quality (RSRP/RSRQ) thresholds that UEs need to respect before indicating their availability to act as a relay UE. 

Note: these two proposals are the same as proposals 2a and 2b suggested in [3].
2.2   Supported RRC states for relay UEs

In addition to the pre-requisites for acting as a relay UE, it needs to be decided in which RRC states a relay capable UE can actually act as a relay. A relay UE needs to perform the relay discovery procedure once it is initiated. After a remote UE discovers and then selects a relay UE, the remote UE establishes a layer-2 link with the relay UE and then data traffic to/from the remote UE can be forwarded by the relay UE. Data forwarding for the remote UE requires the relay UE to receive and transmit data on the Uu link so that it seems inevitable that for data forwarding the Relay UE needs to be RRC_CONNECTED state. However, there is also the case where the relay UE could be relaying only eMBMS traffic to remote UE(s), in which case the relay UE can remain in RRC_IDLE while operating as a relay (if the UE is allowed according to SIB configuration to perform D2D transmissions while in idle mode). 
Proposal 2a: Relay UEs need to be in RRC_CONNECTED when forwarding data to/from the remote UE.
Proposal 2b: It can be discussed whether a relay UE relaying only eMBMS to remote UEs may do so also in RRC_IDLE.

On the other hand, the relay discovery procedure only affects message exchange over PC5. It does not matter whether a relay UE is in RRC_CONNECTED or RRC_IDLE state to perform the relay discovery procedure. Moreover, it may happen that a lot of UEs qualified for relay operation are distributed within a cell, whereas remote UEs only appear occasionally. From the perspective of power saving and reduction of network overhead, it seems useful that UEs qualified for relay operation may remain in RRC_IDLE state when performing relay discovery. Only when data forwarding on Uu link is required, the relay UE needs to establish an RRC connection with the eNB (if not already in RRC_CONNECTED).
Proposal 3: Relay UEs can perform relay discovery also when in RRC_IDLE.
Note: how the relay UE needs to be initiated/activate to perform relay discovery while in idle is further discussed in section 2.3.2.
2.3   Level of Network control for relay UEs
2.3.1   Discovery model
A relay UE needs to perform the relay discovery procedure once it is initiated. According to TR 23.703 [2], both Model A and Model B relay discovery procedure are possible. In Model A, the Relay UE periodically transmits the Relay announcement message. In Model B, the remote UE transmits a Relay solicitation message and then the relay UE sends back a Relay response message. The two models have then a different impact on the UE power consumption and on the overall radio performance of the network.
If Model A is used, the relay announcement message should be transmitted periodically, thus continuously consuming power and radio resources. If the entire relay capable UEs were actually initiated/activated by the network the overall impact on UE batteries and radio resource utilization/contention could be huge. So the network could decide to configure the “pre-requisite thresholds” defined section 2.1 to limit the number of UEs qualified to act as relay UEs and/or could selectively initiate only some of them (by using dedicated signalling, see next section). Furthermore, it is not clear what the periodicity for sending the Relay discovery announcement messages would be and whether this periodicity could be controlled by the eNB. If not decided by the eNB, as a minimum the eNB should be aware of the discovery model being used and (for Model A) the corresponding periodicity when configuring the radio resources for the relay discovery procedure.
If model B is used, from an application layer point of view there is one solicitation message and potentially one response message. However, in order to ensure a reliable delivery, it is assumed that both of these messages are transmitted multiple times. For the relay solicitation message, it could be sent by the remote UE repeatedly until it receives the relay response message or until a maximum number of times. For the relay response message, it should be sent a predefined number of times. It is currently unclear who controls the repetitions (application/NAS/AS?) but leaving this to NAS seems to be an acceptable solution.
Another unclear scenario mentioned in the email discussion [3] is the one when a remote UE supposed to use model B receives an unsolicited relay discovery response message (with a suitable Relay Service Code, from a relay UE which responded to another remote UE solicitation). It is not clear if this is sufficient to consider the relay UE as discovered or if the remote UE should issue another solicitation message. In our opinion, the subsequent action for a remote UE when receiving an unsolicited relay response message should be in the scope of SA2/SA6. If they will decide that in this case a remote UE should issue another solicitation message, this will probably waste some radio resources / battery power, but at least this will be transparent to AS. In addition, it was argued whether an active relay UE (i.e. relaying some traffic) configured with model B should also make periodic relay discovery announcements (i.e. according to model A) to facilitate discovery by other remote UEs. Once again, we think that this could be determined by SA2/SA6 and remain transparent to AS. But clearly different solutions to this issue could have different impacts on radio resource / battery power.
As in general the use of Model A or Model B would have an impact on the overall radio performance of the network and on the network strategy to initiate relay UEs, it is believed that the eNB should at least be aware of the relay discovery model used by the relay/remote UEs. 
Proposal 4: It should be possible, in the case where the relay UE/remote UE requests resources for relay discovery, for the eNB to be aware of the relay discovery model used by the relay/remote UEs.
It is noted that the information about the discovery model could for instance be derived by the relay UEs during relay UE initiation (only when using dedicated signalling, see next section).
2.3.2   Signalling procedures
In this subsection, we discuss the possible signalling procedures for relay initiation/activation.
It was agreed at RAN2#89bis that the eNB at the radio level can control whether the UE acts as a relay.
	· 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.  


What remains to be discussed is whether the initiation/activation can happen via broadcast signalling, dedicated signalling or both.
In line with the outcome of the email discussion [3], we suggest the following:

Proposal 5: UEs can be configured as relay UEs either via dedicated or via broadcast signalling.
Note: this proposal is the same as proposal 3 suggested in [3].
· Relay initiation procedure for RRC_IDLE UEs
As discussed before, a relay capable UE should fulfil some pre-requisites before it could be initiated as a relay UE. The eNB may send the Uu link quality threshold values to the relay capable UEs, i.e. the minimum and/or maximum Uu link quality (RSRP/RSRQ) thresholds. Since these thresholds apply to the entire relay capable UEs and usually do not change, the eNB may broadcast this info through a SIB. Along with the Uu link quality threshold, the eNB may broadcast relay discovery/communication Tx and Rx resource pool. If a relay capable UE1 is interested to act as a UE-to-Network Relay, it receives the SIB and check if it fulfils the relay pre-requisites as shown in Figure 1. If yes, it may initiate as relay and perform the relay discovery procedure in RRC_IDLE state. 
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Figure 1. Signalling procedure for the relay initiation of UEs in RRC_IDLE
When an out of coverage remote UE2 wants to connect to the network through UE-to-Network relay, it performs the relay discovery procedure and selects the relay UE1. It then establishes the secure layer-2 link with relay UE1. During the course of secure layer-2 link establishment, the Relay UE1 may enter RRC_CONNECTED state and prepare for the data forwarding for the remote UE. 
· Relay initiation procedure for RRC_CONNECTED UEs
Alternatively, if tight network control is preferred, the eNB may only broadcast the Uu link quality threshold values in a SIB without the relay discovery/communication Tx and Rx resource pool info, as shown in Figure 2. If a Relay capable UE1 is interested to act as the UE-to-Network Relay, it receives the SIB and check if it fulfils the relay pre-requisites. If yes, it may enter RRC_CONNECTED state and then send the Relay configuration request to eNB to indicate its relay interest as shown in Figure 2. Upon receiving such a request, the eNB may check whether the UE is authorized to act as a Relay. If yes, the eNB sends the Relay configuration to the UE through dedicated signalling, which contains the relay discovery and communication resource configuration. After receiving the relay configuration message, UE1 is initiated as a relay UE and then performs the relay discovery procedure. If the remote UE2 selects the Relay UE1, it then establishes the secure layer-2 link with relay UE1 and the relay UE subsequently forwards the data traffic to and from remote UE2.
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Figure 2. Signalling procedure for the relay initiation of UEs in RRC_CONNECTED
Proposal 6: The eNB may broadcast the relay Uu link quality thresholds as well as the Relay discovery and communication resource pools through a SIB. In this case, a UE fulfilling the requirements may be initiated to act as a relay and perform the relay discovery procedure (also) in RRC_IDLE.

Proposal 7: If tight network control is preferred, the eNB may only broadcast the relay Uu link quality thresholds in a SIB and only qualified relay capable UEs could indicate their relay availability to the eNB and receive the relay configuration from the eNB via dedicated signalling. In this case, the relay UE can perform the relay discovery procedure only as long as it stays in RRC_CONNECTED.

Note: Proposals 6 and 7 are equivalent to proposal 4 suggested in [3].
3   Conclusion
In this paper, we first analyzed the pre-requisites for acting as a relay UE. Then we discussed the supported RRC modes for relay UEs and analyzed the network control for relay discovery model. Finally we presented the typical signalling procedures for relay initiation and discovery. Several observations were derived.
Proposal 1a: If UEs are configured as Relay UE via broadcast signalling, the eNB may broadcast a minimum and/or a maximum Uu link quality (RSRP/RSRQ) thresholds that UEs need to respect to autonomously start acting as relay UEs.

Proposal 1b: If UEs are configured as Relay UE via dedicated signalling, the eNB may broadcast a minimum and/or a maximum Uu link quality (RSRP/RSRQ) thresholds that UEs need to respect before indicating their availability to act as a relay UE. 

Proposal 2a: Relay UEs need to be in RRC_CONNECTED when forwarding data to/from the remote UE.
Proposal 2b: It can be discussed whether a relay UE relaying only eMBMS to remote UEs may do so also in RRC_IDLE.

Proposal 3: Relay UEs can perform relay discovery also when in RRC_IDLE.
Proposal 4: It should be possible, in the case where the relay UE/remote UE requests resources for relay discovery, for the eNB to be aware of the relay discovery model used by the relay/remote UEs.
Proposal 5: UEs can be configured as relay UEs either via dedicated or via broadcast signalling.
Proposal 6: The eNB may broadcast the relay Uu link quality thresholds as well as the Relay discovery and communication resource pools through a SIB. In this case, a UE fulfilling the requirements may be initiated to act as a relay and perform the relay discovery procedure (also) in RRC_IDLE.

Proposal 7: If tight network control is preferred, the eNB may only broadcast the relay Uu link quality thresholds in a SIB and only qualified relay capable UEs could indicate their relay availability to the eNB and receive the relay configuration from the eNB via dedicated signalling. In this case, the relay UE can perform the relay discovery procedure only as long as it stays in RRC_CONNECTED.
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