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1   Introduction
At RAN2 #90 meeting, UE-to-Network Relay selection and reselection was discussed and the following agreements were reached [1]: 
	Agreement:

UE relay reselection is supported.  For out-of-coverage, the criterion for reselection is based on PC5 measurements (RSRP or other RAN1 agreed measurements) and higher layer criteria. The relay reselection can be triggered by the remote UE.  Whether and how the relay UE can also trigger a reselection is FFS. 


In this paper, we first analyze the pre-conditions for remote UE’s relay discovery and the supported RRC states for transmitting relay discovery messages (when in coverage). Then we discuss the criteria for relay selection and the level of eNB control for the UE’s relay selection (when in coverage). Finally we will discuss the triggers and criteria for relay reselection (when in coverage).
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, some 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 new proposals (expressing a company position on issues that are left open by the email discussion) are in Sections 2.2. and 2.3. 
2   Discussion
2.1   Relay discovery (in coverage)
2.1.1   Pre-conditions for transmitting relay discovery solicitation messages
When an out of coverage remote UE wants to connect to the network and no suitable cell can be found, the remote UE may turn to a UE-to-Network Relay. In this case, it first performs the relay discovery procedure and tries to select a relay UE to connect to the network. When it comes to an in coverage remote UE, as UE1 in Figure 1, at some point in time the Uu link quality of the UE might become poor and the measurement results of neighbouring cells might also not be good enough for a potential handover. In order to keep connection with the network, UE1 may act as remote UE and perform the relay discovery procedure to discover and select a relay UE. A reasonable pre-condition for a remote UE to start performing the relay discovery procedure and transmit relay discovery solicitation message (if Model B is being used) is that the Uu link quality measurement at the UE (RSRP/RSRQ) is below a network configured threshold. 
Proposal 1: A remote UE may only transmit relay discovery solicitation messages if the Uu link quality at the UE is below a network configured threshold.

Note: this proposal is the same as proposal 6 suggested in [3].
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Figure 1. Relay discovery and selection for an in coverage remote UE
2.1.2   Supported RRC states for transmitting relay discovery solicitation messages
For RRC_CONNECTED UEs, involved in data transmission and reception with the eNB, and detecting a degradation of the Uu link quality, it should definitely be possible to act as remote UEs and try to discover a relay UE to potentially continue data transmission over the PC5 interface. When it comes to RRC_IDLE UEs, the situation is different. If a UE in RRC_IDLE does not transmit nor receives any data, there is no need for the UE to start discovering a relay UE. However, a RRC_IDLE UE may be involved in eMBMS reception. When the Uu link quality degrades, it may need to find a relay to continue its eMBMS reception. 
Instead of defining a specific solution for this case, it is suggested that a UE in RRC_IDLE state involved in eMBMS reception could move to RRC_CONNECTED when the Uu link quality goes below some network configured threshold and then start transmitting relay discovery solicitation messages.
Proposal 2: Remote UEs can only start transmitting relay discovery solicitation messages while in RRC Connected (i.e. Option 1 is supported).

Proposal 3: A UE in RRC idle involved in eMBMS reception could move to RRC_CONNECTED when the Uu link quality goes below some network configured threshold.

Note: these proposals are the same as proposals 5a and 5b suggested in [3].
2.2   Relay selection
2.2.1   Out of coverage remote UE
If an out of coverage remote UE performs the relay discovery procedure and receives multiple relay announcements or relay response messages, it has to 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. More specifically, during the relay discovery procedure, the remote UE may measure the signal strength of the relay announcement message (Model A) or the relay response message (Model B). The measurement result could be used for the relay selection. That is, the relay could be selected when the following criterion is fulfilled:
Sslrxlev > Qslrxlevmin, (1)
where Sslrxlev is the PC5 radio measurement of the Relay and Qslrxlevmin is a pre-configured minimum PC5 link signal strength threshold.
If the remote UE discovers one relay UE which fulfils this criterion, it can further check higher layer criteria to see if this relay UE is suitable. Some higher layer criteria specified by SA2 shall be taken into account, e.g. the Relay Service Code must be checked. If both the PC5 link quality criteria and the higher layer criteria (e.g. Relay Service Code) can be fulfilled, the out of coverage remote UE could autonomously select this Relay and then establish a secure layer-2 link for packet forwarding. 
Proposal 4: The out of coverage remote UE shall measure the PC5 link quality of a discovered relay UE and consider the relay UE as suitable only if the PC5 link quality exceeds a pre-configured signal strength threshold.

Proposal 5: No other RAN2-specified higher layer criteria for relay UE selection shall be considered. However, some upper layer criteria specified by SA2 shall be taken into account (e.g. the Relay Service Code must be checked).
Note: the latter proposal is the same as proposal 8 suggested in [3].
2.2.2   In coverage remote UE
For an in coverage remote UE, in principle either eNB controlled or remote UE autonomous relay UE selection should be supported. In this section we will discuss the two different alternatives, taking into account that relay selection for remote UEs in coverage only makes sense for UEs in Connected mode (this is also a consequence of Proposals 2 and 3 above).
Proposal 6: Relay selection for remote UEs in coverage is only applicable for UEs in Connected mode
Option 1) remote UE autonomous relay UE selection
The eNB may broadcast the relay discovery and selection relevant thresholds in SIB. When the Uu link quality of remote UE1’s serving cell is lower than a given threshold (Qdisctrigger), the remote UE1 performs the relay discovery procedure to discover nearby relay UEs and take radio measurements of corresponding PC5 link quality. Assuming that the PC5 radio measurement result of Relay 1 is larger than the relay selection threshold (Qslrxlevmin), UE1 may autonomously select relay 1 and then establish the secure layer-2 link with the relay UE for subsequent data forwarding. 
This simple procedure is problematic for a number of reasons. First of all it does not allow the eNB to be involved in the decision about the most suitable relay UEs, e.g. by considering other variables that might be unknown to the remote UE, including the current load of the different relay UEs. But even if this is considered just a potential optimization, an even more serious issue is the fact that – by leaving the decision to perform the relay UE selection to the remote UE - it may happen that the remote UE autonomously selects a relay UE - and then switches the data path via the relay UE – exactly while the eNB is preparing a handover for the remote UE to another cell. So the remote UE autonomous decision to select a relay UE risks (very often) to clash with the usual eNB controlled mobility for Connected UEs. Also note that after a remote UE in coverage selects a relay UE and starts transmitting data over PC5, it would soon stop transmitting data over the Uu interface (immediately or after some time, based on the different alternatives discussed in the email discussion [3] and in [5] as well) and it would then not use the RRC connection.

Observation 1: after a remote UE selects a relay UE and starts transmitting data over PC5, it would soon stop transmitting data over the Uu interface and it would then not use the RRC connection.
As a consequence, with the procedure described above where no information would be sent to the network after the relay selection, the eNB would just see the remote UE suddenly disappearing, without knowing the reason. 
A possible solution to the potential clash between eNB controlled mobility and remote UE autonomous relay UE selection (and to the sudden disappearance of remote UEs) is that after the relay UE selection, the remote UE informs the eNB and waits for the authorization from the eNB, as shown in Figure 2. Note that here ‘authorization’ refers to the fact that the eNB could approve or not the remote UE decision to select a relay UE based on radio considerations, e.g. the alternative possibility to perform handover to a different cell. If the eNB wants to allow the remote UE to actually select the indicated relay, it can sends an ackowledgement to the remote UE, which may then initiate the secure layer-2 link association with the relay UE.
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Figure 2. Signalling procedure for the UE autonomous relay selection procedure
Option 2) eNB controlled relay selection
As shown in Figure 3, an in coverage remote UE1 might be moving from in coverage to an out of coverage area and detect that the Uu link quality of remote UE1’s serving cell is below a configured threshold (Qdisctrigger). The remote UE1 may perform the relay discovery procedure to discover nearby relay UEs. If both Relay1 and Relay2 are discovered, UE1 reports the PC5 link quality of Relay1 and Relay2 to the eNB. The eNB then determines which relay UE should be selected for the remote UE based on the measurement report. If the eNB selects the Relay1 for UE1, it sends the relay configuration to UE1 and indicates UE1 to connect to the Relay1. Upon receiving the relay configuration, UE1 performs the secure layer-2 link establishment with the Relay1 and subsequently transfers data through Relay1.
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Figure 3. Signalling procedure for the eNB controlled relay selection procedure

Both Option 1 (with network authorization) and Option 2 could be considered for relay UE selection for in coverage remote UE. In both cases the eNB can remain in control of the relay selection procedure, in the sense that it can decide whether and when it can happen. With Option 2 the eNB can also decide which specific relay UE should be considered, thus realizing a tighter network control (similar to the one for connected mode mobility). The first preference is then:
Proposal 7: A remote UE shall provide the eNB with measurement reports related to the PC5 radio link quality of discovered relay UEs and the eNB shall perform the relay UE selection for the remote UE.
If Proposal 7 is not agreeable, as a compromise solution also remote UE autonomous relay UE selection with network authorization could be acceptable:

Proposal 8: In case remote UE autonomous relay UE selection is preferred, the remote shall UE inform the eNB and receive an authorization from the eNB before initiating the secure layer-2 link association with the relay UE.
2.3   Relay reselection
2.3.1   Out of coverage remote UE
A remote UE or a relay UE may move around and the previously selected relay UE may be no longer suitable. In this case, it is necessary to perform a relay reselection. 
More specifically, 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 start a relay reselection procedure. That is, the remote UE tries to discover other nearby relay UEs and take radio level measurements of these relay UEs. Similarly to cell re-selection, the remote UE may perform ranking of all discovered relays that fulfil the relay selection criterion. If a relay UE is ranked as the best one, the remote UE shall perform relay reselection to that relay. In order to avoid frequent relay reselection, a hysteresis value (QHyst) may be introduced for the serving relay UE to add its weight during the ranking, just as the cell re-selection does. 
In addition to the degradation of the PC5 link quality, relay reselection could also be triggered by the relay UE. If the relay UE detects it no longer fulfills the relay pre-requisites proposed in [4] or the eNB asks the relay UE to release the relay configuration, the relay UE could no longer serve the connected remote UEs. In this case, the relay UE may send a relay release message through broadcast or dedicated PC5 signalling. Once receiving the relay release message from the connected eelay UE, the remote UE may cease the data transmission on PC5 link and start to perform the relay reselection procedure correspondingly.
Proposal 9: The possible triggers for relay UE re-selection are: 
-
The remote UE detects that the PC5 link quality for the currently selected relay UE is lower than a threshold
-
The remote UE receives a PC5 connection release message or similar indication from the relay UE
Note: this proposal is the same as proposal 12 suggested in [3].
2.3.2   In coverage remote UE
An in coverage remote UE that has already selected a relay UE may also detect that the PC5 link quality is lower than a pre-configured reselection threshold or receive a relay release message from the selected relay UE. 
However, two scenarios are possible when an in coverage remote UE has already initially selected a relay UE: 

1. The remote UE is still in RRC_CONNECTED

This is considered as a temporary situation (see also Observation 1 above). After a remote UE selects a relay UE, the remote UE is expected to move to idle some time after stopping transmission over Uu (which might happen immediately when/after some time that the remote UE has started transmission over PC5, depending on the different alternatives discussed in the email discussion [3] and in [5] as well). In this (potentially limited) amount of time, relay reselection for in coverage remote UEs could be possible, according to the same rules defined for initial relay selection.
Proposal 10: For a remote UE still in RRC_CONNECTED, relay reselection is supported according to the same rules defined for initial relay selection (i.e. following either Proposal 7 or 8)
However, if the remote UE is still in coverage in RRC_CONNECTED it also means that the Uu link quality has not worsened too much, or it has even improved with respect to when relay selection was decided. In this case the eNB should also have the possibility to bring back the UE. 
Proposal 11: For a remote UE still in RRC_CONNECTED, the eNB should be able to stop the remote UE from using the relay UE and move the data transmission back to the Uu interface.
2. The remote UE is in RRC_IDLE
In this case relay selection/re-selection is not supported (see also Proposal 6 above). If the PC5 quality of the initially selected relay UE worsens (or if a relay release message is received) and the remote UE is in coverage (i.e. it has a suitable serving cell), the remote UE should rather (re)connect to the network via the Uu interface.
Proposal 12: When a remote UE in RRC_IDLE connected to a relay UE enters in-coverage mode, the remote UE should initiate a RRC connection establishment procedure to connect to the Uu interface.
During the email discussion [3] the case was mentioned where, after initial relay selection, the remote UE is in coverage, in idle, the PC5 link quality of the current relay UE drops below a certain level, but it fails to connect to the network (because of some UL issue). In fact, this scenario looks like an exceptional case already discussed in R12. One of the entry conditions for the exceptional case was that the UE fails to complete the RRCConnectionSetup procedure and the T300 timer expires. 
In order to minimize service interruption of this remote UE, in such exceptional cases, where the UE can’t connect to the network, the UE should continue the communication with the relay and behave as if it was an out-of-coverage UE.  This implies that if the PC5 link quality of the relay UE falls below a threshold or the serving relay is no longer connected, the remote UE can autonomously reselect to another relay UE.  

Proposal 13: If a remote UE in RRC_IDLE connected to a relay UE fails to connect to the network (e.g. exceptional case in idle mode), the UE should maintain the connection to the relay UE and perform autonomous relay selection/re-selection procedures as if it was out of coverage.
3   Conclusion
In this paper, we first analyzed the pre-conditions for remote UE’s relay discovery and the supported RRC states for transmitting relay discovery messages (when in coverage). Then we discussed the criteria for relay selection and the level of eNB control for the UE’s relay selection (when in coverage). Finally we discussed the triggers and criteria for relay reselection (when in coverage). We then derived the following proposals:

Proposal 1: A remote UE may only transmit relay discovery solicitation messages if the Uu link quality at the UE is below a network configured threshold.

Proposal 2: Remote UEs can only start transmitting relay discovery solicitation messages while in RRC Connected (i.e. Option 1 is supported).

Proposal 3: A UE in RRC idle involved in eMBMS reception could move to RRC_CONNECTED when the Uu link quality goes below some network configured threshold.
Proposal 4: The out of coverage remote UE shall measure the PC5 link quality of a discovered relay UE and consider the relay UE as suitable only if the PC5 link quality exceeds a pre-configured signal strength threshold.

Proposal 5: No other RAN2-specified higher layer criteria for relay UE selection shall be considered. However, some upper layer criteria specified by SA2 shall be taken into account (e.g. the Relay Service Code must be checked).
Proposal 6: Relay selection for remote UEs in coverage is only applicable for UEs in Connected mode
Observation 1: after a remote UE selects a relay UE and starts transmitting data over PC5, it would soon stop transmitting data over the Uu interface and it would then not use the RRC connection.
Proposal 7: A remote UE shall provide the eNB with measurement reports related to the PC5 radio link quality of discovered relay UEs and the eNB shall perform the relay UE selection for the remote UE.
Proposal 8: In case remote UE autonomous relay UE selection is preferred, the remote shall UE inform the eNB and receive an authorization from the eNB before initiating the secure layer-2 link association with the relay UE.
Proposal 9: The possible triggers for relay UE re-selection are: 
-
The remote UE detects that the PC5 link quality for the currently selected relay UE is lower than a threshold

-
The remote UE receives a PC5 connection release message or similar indication from the relay UE
Proposal 10: For a remote UE still in RRC_CONNECTED, relay reselection is supported according to the same rules defined for initial relay selection (i.e. following either Proposal 7 or 8)
Proposal 11: For a remote UE still in RRC_CONNECTED, the eNB should be able to stop the remote UE from using the relay UE and move the data transmission back to the Uu interface.
Proposal 12: When a remote UE in RRC_IDLE connected to a relay UE enters in-coverage mode, the remote UE should initiate a RRC connection establishment procedure to connect to the Uu interface.
Proposal 13: If a remote UE in RRC_IDLE connected to a relay UE fails to connect to the network (e.g. exceptional case in idle mode), the UE should maintain the connection to the relay UE and perform autonomous relay selection/re-selection procedures as if it was out of coverage.
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