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1   Introduction
After RAN2#90 meeting, an email discussion on relay UE initiation, discovery and selection/re-selection was initiated. One of the discussed issue was “the AS involvement (UE and/or eNB) with NAS in deciding "when" to switch “allowed traffic” (as determined by higher layers) between Uu and PC5 (if any).” The outcome of the email discussion is summarized in [1]. In this contribution we further investigate the issue on the “path switch” between Uu and PC5 and present our preferences (which integrate the proposals outlined in the email discussion report [1]).
2   Discussion 
Regarding the “path switch” issue, three specific aspects were handled in the email discussion on relay UE initiation, discovery and selection/re-selection [1]: 1) Start time for transmitting data over the PC5 link; 2) Stop time for transmitting data over the Uu link; 3) Which traffic over PC5. And an agreement is reached on issue 3).  In this contribution we address the first two.
Issue 1: Start time for transmitting data over the PC5 link
Regarding issue 1 (Start time for transmitting data over the PC5 link) three candidate options were proposed in the email discussion:
Option 1) After having successfully established a layer-2 link with a relay UE, a remote UE may autonomously decide if and when to start transmitting data over the PC5 link, based on UE implementation. This implies no standardized AS involvement in the decision. 
Option 2) After having successfully established a layer-2 link with a relay UE, a remote UE should start transmitting data over the PC5 link if the Uu link quality at the remote UE falls below a specified/configured threshold. This implies some UE AS involvement in the decision. 

Option 3) After having successfully established a layer-2 link with a relay UE, a remote UE should immediately start transmitting data over the PC5 link.
In the scenario of a UE moving from in-coverage to out-of-coverage, the remote UE shall perform relay discovery and relay selection procedures while still performing cellular communication via the Uu interface. After selecting a relay UE (either in autonomous or network controlled fashion) the remote UE shall perform the PC5 layer-2 link establishment procedure with the relay UE. 
Using option 1), the remote UE autonomously decides if and when to start transmitting data over the PC5 link, based on UE implementation. This option has no standardation impact but it might also lead to unpredictable behaviour. 
In option 2), relay discovery could be triggered before the UE moves out of coverage and the Uu link quality gets too bad, e.g. earlier than the RLF detection. More specifically, by configuring a first Uu link quality threshold, the eNB could control the time when the UE triggers the relay discovery and PC5 link establishment according to the Uu link quality measured by the UE. A second Uu link quality threshold could be considered to trigger the traffic switch from Uu to PC5, which could reduce the service interruption while decreasing the probability of ping-pong switches between PC5 and Uu. Just like the first one, also the second threshold could be configured by the eNB and the UE would autonomously perform the path switch decision if the Uu link measurement result falls below the configured threshold. Alternatively the UE could also report the Uu link measurement result to the eNB and the eNB takes charge of the path switch decision.
In case of a eNB controlled relay selection/re-selection, this option simplifies the handling at the network side: the network remains in control of whether and when to start relay selection and layer-2 link establishment towards a remote UE, and indirectly also of the trigger to start transmission over the PC5 link (by properly configuring the corresponding Uu quality threshold). But the network is not forced to issue the control message at the very end, when the Uu quality is too bad to continue the transmission in the current cell and no handover to other cells is possible. The network could send the control message with the trigger to perform relay selection before the Uu quality becomes too bad. Then the remote UE could also start the layer-2 link establishment with the relay UE before the Uu quality becomes too bad. 
In option 3), the remote UE shall switch from Uu to PC5 immediately after the establishment of the layer-2 link between remote UE and relay UE. Since the Uu transmission should be prioritized over PC5 transmission, the UE should keep using Uu transmission as long as possible. In case of a eNB controlled relay selection/re-selection, this option means that the network should issue the control message at the very end, when the Uu quality is too bad to continue the transmission in the current cell (because Uu should be prioritized over PC5) and no handover to other cells is possible (because a handover to a neighbor cell should also be prioritized over a switch to PC5). As a result, the timing of the trigger of the relay discovery and selection is quite critical. If the relay discovery/selection is not triggered timely, it is quite possible that the UE loses the Uu connection before the UE finishes the relay discovery/selection and layer 2 link establishment procedures. 
Proposal 1: Discuss whether there is a criticality (from the timing point of view) in performing relay UE selection / layer-2 link establishment / path switch to PC5 all at once. 
· If no real problem is expected, specify that, after having successfully established a layer-2 link with a relay UE, a remote UE should immediately start transmitting data over the PC5 link 
· If some issues are foreseen, specify that, after having successfully established a layer-2 link with a relay UE, a remote UE should start transmitting data over the PC5 link if the Uu link quality at the remote UE falls below a network configured threshold.
Issue 2: Stop time for transmitting data over the Uu link
Regarding issue 2 (Stop time for transmitting data over the Uu link) three candidate options were proposed in the email discussion:
Option 1) No mechanism is introduced to specify when transmission over the Uu link should stop (the transmission over the Uu link in the cell continues until RLF, handover to a different cell or until there is no further data to send).

Option 2) A UE should stop transmitting data over the Uu link as soon as it starts transmitting over the PC5 link.
Option 3) A UE should stop transmitting data over the Uu link shortly after it starts transmitting over the PC5 link (exact mechanism is TBD).

To ensure service continuity a remote UE would need to perform a number of higher layer tasks on the PC5 interface (first of all get a new IP address via the relay UE, etc.) while still being engaged in data transmission over Uu, to be able to finally switch to PC5 when needed minimizing the possible gaps. From Access Stratum perspective these tasks correspond to user plane transmission over PC5. 
In our understanding, the possibility for (temporary) simultaneous transmission over Uu and PC5 (i.e. at least Option 3) is a must-have, to the point that – if this is not supported - we might as well get rid of relay UE selection in coverage all together (because there would be no benefit with respect to a relay UE selection only when finally getting out of coverage).
It is also noted simultaneous transmission on both the Uu and PC5 interfaces is supported by Rel-12 capabilities. Furthermore, if such functionality is questioned for a Rel-13 UE behaving as a Remote UE it should also be questioned for a Rel-13 UE behaving as a Relay UE, which would obviously need to support simultaneous (higher bit rate!) transmission  over Uu and PC5.
Proposal 2: Allow a remote UE to continue transmitting data over the Uu link after it starts transmitting over the PC5 link (further details of the mechanism are TBD).
Note: this proposal is the same as proposal 16 suggested in [1].
3   Conclusion
In this paper, we further investigated the issue on the “path switch” between Uu and PC5 based on the email discussion after last RAN2 meeting [1] and we propose:
Proposal 1: Discuss whether there is a criticality (from the timing point of view) in performing relay UE selection / layer-2 link establishment / path switch to PC5 all at once. 
· If no real problem is expected, specify that, after having successfully established a layer-2 link with a relay UE, a remote UE should immediately start transmitting data over the PC5 link 
· If some issues are foreseen, specify that, after having successfully established a layer-2 link with a relay UE, a remote UE should start transmitting data over the PC5 link if the Uu link quality at the remote UE falls below a network configured threshold.
Proposal 2: Allow a remote UE to continue transmitting data over the Uu link after it starts transmitting over the PC5 link (further details of the mechanism are TBD).
4   References
[1] R2-153764, Report of email discussion [90#25][LTE/ProSe] Relay UE initiation, discovery and selection/re-selection, ZTE (rapporteur), RAN2#91, Beijing, China, Aug 24-28, 2015
3GPP


