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Introduction
In last meeting, some agreements in the topic of UE-Network relay have been reached. An email discussion is organized on the remaining open issues. Companies have reached consensus on some aspects. However, there are still some open issues. This contribution aims to discuss these open issues on relay selection and relay reselection.
Discussion
Higher layer criteria for relay UE selection/re-selection
SA2 has introduced Radio Layer Information in the discovery message to assist the Remote UE selecting the proper UE-to-Network Relay. This Radio Layer Information could be radio conditions between the eNB and the UE-to-Network Relay. However, the radio conditions between eNB and relay has been considered in the relay initiation procedure, since companies all agreed Uu link quality (RSRP/RSRQ) above a specified/configured threshold should be pre-requisite to initiate the relay function. All initiated relays have workable Uu link, so it’s unnecessary for the remote UE to consider the Radio Layer Information in the relay selection.
Proposal 1: Send LS to inform SA2 the Uu link quality between eNB and relay UE has already been considered in the relay initiation procedure and it’s not necessary to consider this in the relay selection procedure.
Three steps for path switching
There are three steps for a remote UE to switch traffic from E-UTRAN to relay as following:
Step 1: discovery;
Step 2: selection;
Step 3: traffic routing.
We would discuss the time point of these steps.
For the step 1, the remote UE could discover the relay long before the UE is about to go out of coverage, depending on the configuration. It’s beneficial for the remote UE to discover as many relay UEs as possible. For the simplicity, discovery could be triggered by a RSRP/Q threshold broadcast by eNB.
The step 2 is considered to carry out only when the remote UE is about to go out of coverage. The selection should be triggered by other event.
Proposal 2: Relay discovery and relay selection can be carried out separately, depending on the RSRP/Q threshold configuration.
In-coverage relay UE selection would waste the signalling and UE power if remote UE doesn’t move out of coverage subsequently, which doesn’t need to establish the relay link. Therefore, it’s important to introduce an efficient rule to predict the UE is leaving the coverage, which should minimize the service interruption and avoid unnecessary relay link establishment. However, these two metrics seem to be a bit contradictory: To minimize the service interruption, UE should establish the relay link as early as possible. To avoid unnecessary relay link establishment, UE should establish the relay link as late as possible.
Observation: it’s important to introduce an efficient rule to predict the UE is going out of coverage to get the tradeoff between service interruption and unnecessary relay UE selection.
According to the Observation, no matter who performs the relay UE selection, it’s important to introduce an efficient rule to predict the UE is going out of coverage. Based on the existing procedures, we think there are following options to adopt:
Option 1) s-Measure triggers a new timer. Any cell measurement exceeds threshold stop the timer. The timer expiry triggers the relay UE selection procedure. This method can avoid the service interruption. However, the probability of unnecessary relay link establishment may be very high.
Option 2) T310 running. This method can minimize the service interruption, still result in high probability of unnecessary relay link establishment
Option 3) RLF. This method can get a balanced performance between T310 running and S-criteria, while still service may be interrupted up to 1 second, which is unacceptable to public safety service. Service interruption should be further minimized.
Option 4) New method to predict the UE is leaving the coverage. RSRP could reflect distance of UE from eNB, while T310 running indicates the service is interrupted. A new timer similar to the T312 timer can be introduced to combine these two metrics to get a balanced performance. The new timer is triggered, if all the RSRP measurements of cells used for coverage are below a threshold during T310 running. The macro cells used for coverage can be configured by eNB. This method can minimize the service interruption as much as possible. Although the unnecessary relay link establishment may happen a little more than 3), the probability could be minimized if the threshold is configured appropriately.
Since service continuity is more important for the public safety, the service interruption minimization should be prioritized. We suggest adopting option 1)
Proposal 3: Use a timer which is triggered by s-Measure to predict the UE is going out of coverage.
When the relay selection is done, the remote UE is about to leave the coverage. The remote UE should immediately switch the traffic, FFS whether all traffic or only public safety traffic, to the relay to avoid the traffic interruption.
If the traffic routing is not done after relay selection, the PC5 and Uu channel condition may change. When the remote UE starts to route the traffic, the selected relay may not fulfill the requirement, which results in interruption.
Proposal 4: Relay selection and traffic routing shall be carried out consecutively.
Level of network control for in-coverage relay UE selection
There are several options provided in the email discussion. These options could be summarized to two kinds of options: eNB selection and remote UE autonomously selection. 
The first options, call it eNB controlled method, is preferred by some companies because the eNB could be aware of the UE is going out of coverage and eNB may have more information than remote UE which could result in more appropriate selection, such as the load and resource allocation of relay UEs. However, this method has the risk of losing the remote UE before a relay is selected. Then the traffic of the remote UE may be interrupted for a long time in this exceptional case.
The second option, call it UE controlled method, is preferred because the simplicity and eNB may lose the connection with remote UE when it’s going out of coverage. However, the potential performance may not be as good as the first option.
A compromised method may be introduced to have a balanced performance.
A relay selection rule can be configured by ProSe function or prefigured in remote UE. According to the rule, remote UE performs the relay selection and reports the detected relays and selected relay to eNB. A timer is started upon the reporting. eNB could configures the remote UE to select another relay if necessary. If the remote UE doesn’t receive any order from eNB during the timer, due to the channel degradation, the remote UE selects the relay according to the relay selection rule.
If the UE can’t report the selected relay to eNB due to the bad Uu link quality, when relay selection rule is met, another timer is started. If the Uu doesn’t recover during the time, the UE select the relay according to the rule. If the uplink recovers during the time, stop the timer and execute the above procedure.
This compromised method, which we can call it UE based and eNB controlled method, enables the eNB control and avoid the risk of interruption to remote UE when it’s going out of coverage fast.
Proposal 5: Adopt the UE based and eNB controlled method for the in coverage relay selection. 
As discussed above, in the normal case, eNB would control the relay selection. In the same time, eNB could do the authorization. Therefore, the eNB could reject the relay selection request from remote UE, if the authorization is not valid. In the exceptional case, the UE can’t receive the signal from eNB. The authorization could only be checked by the upper layer. For the simplicity, upper layer could check the authorization in both cases, which also aligns with legacy procedure.
Proposal 6: The authorization of remote UE connecting to a relay UE is checked by upper layer.
Relay re-selection
In the email discussion, most companies prefer a remote UE should immediately start transmitting data over the PC5 link after having successfully established a layer-2 link with a relay UE. As we discussed before, the remote UE would select the relay only when Uu channel quality is degrading. We don’t see much gain to still keep connected in Uu until the Uu channel is entirely down. Furthermore, the remote UE would select the relay only when it’s about to leave the coverage. Therefore, the in coverage relay re-selection is not a common case. We don’t need to introduce specific procedure for this case. Even if this case happens, the remote UE could reuse the out of coverage re-selection rule.
Proposal 7: In-coverage relay re-selection applies the out of coverage relay re-selection rule.
According to the email discussion, most companies agreed two triggers for the in-coverage relay reselection should be supported, which is remote UE trigger and relay UE trigger. In some cases, the relay UE can’t provide the relay service any more due to some reasons the remote UE can’t acknowledge. For example, the battery of relay is low or the relay is disabled by eNB. It’s beneficial and straight forward that the relay should be able to trigger out-of-coverage remote UE to perform relay re-selection.
Proposal 8: Relay UE could trigger the out-of-coverage remote UE to perform relay re-selection.
Proposals
According to the analysis in section 2, we propose:
Proposal 1: Send LS to inform SA2 the Uu link quality between eNB and relay UE has already been considered in the relay initiation procedure and it’s not necessary to consider this in the relay selection procedure.
Proposal 2: Relay discovery and relay selection can be carried out separately, depending on the RSRP/Q threshold configuration.
Observation: it’s important to introduce an efficient rule to predict the UE is going out of coverage to get tradeoff between service interruption and unnecessary relay UE selection.
Proposal 3: adopt option 1), i.e. a timer triggered by s-Measure, to predict the UE is going out of coverage.
Proposal 4: Relay selection and traffic routing shall be carried out consecutively.
Proposal 5: Adopt the UE based and eNB controlled method for the in coverage relay selection. 
Proposal 6: The authorization of remote UE connecting to a relay UE is checked by upper layer.
Proposal 7: In-coverage relay re-selection applies the out of coverage relay re-selection rule.
Proposal 8: Relay UE could trigger the out-of-coverage remote UE to perform relay re-selection.
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