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1
Introduction
In the FeD2D SID [1], one of the objectives is to study the path selection/switch between the cellular link and relay link as below.

	c.    Study path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity   and QoS [RAN2, RAN3]. 


In a companion paper [2], we discuss the service continuity and mobility scenarios. In this contribution, the path switch procedure from cellular link to relay link is to be discussed. 
2
Discussion
Scenario description: The concerned scenario here is the eRemote UE is in RRC_CONNECTED state and communicates directly with the eNB via Uu interface initially, and then connect to an eRelay UE and communicates indirectly with the eNB via the eRelay UE. 
· The initial state of the eRelay UE could either be RRC_IDLE or RRC_CONNECTED;

· As discussed in [2], the eRemote UE and the eRelay UE could be served either by same eNB or by different eNB before the path switch, which are illustrated in Figure 1(a) and (b) respectively.
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Figure 1: scenarios of path switch from cellular link to relay link

In this contribution, the following aspects are addressed.

· How to trigger the path switch?
· Who make the final decision for the eRelay UE selection?

· The involvement of eNB in path switch procedure?

· How to provide service continuity during path switch?

2.1 How to trigger the path switch

To trigger the path switch, the eRemote UE first needs to initiate the eRelay UE discovery procedure. In L3 based UE-to-NW relay framework, a RSRP threshold condition may be configured by the eNB to control the RRC connected Remote UE to send SidelinkUEInformation message for Relay UE discovery and connecting with the Relay UE. We think this should also be applicable to the L2 based UE-to-NW relay framework when PC5 is used as the short range interface at the eRemote UE. However, considering that for wearable devices the motivation to use relay link are for power consumption saving, rather than coverage enhancement, a separate RSRP threshold should be used.
Proposal 1: when PC5 is used as the short range interface at the eRemote UE, the eRemote UE in RRC_CONNECTED can send UESidelinkInformation to request the resource for discovery or for connecting with the eRelay UE only if the Uu link quality at the eRemote UE is below an optional eNB configured threshold.
When the non-3GPP access is used as the short range interface at the eRemote UE, the eRemote UE can initiate the eRelay UE discovery and connection setup with the eRelay UE freely since neither the discovery procedure nor the connection setup procedure uses the radio resource controlled by the eNB. In this case, the above threshold could be used to control whether the eRemote UE can initiate the path switch from cellular link to the Relay link. 
Proposal 2: when non-3GPP access is used as the short range interface at the eRemote UE, the eRemote UE can initiate the path switch from cellular link to the Relay link only if the Uu link quality at the eRemote UE is below an optional eNB configured threshold.

2.2 Who make the final decision for the eRelay UE selection?

After discovering the candidate eRelay UEs, the next step is selecting an eRelay UE from the candidate relay UEs to establish the direct connection. In [3 22.278], some requirements for eRelay UE selection have been specified as cited below.

	The 3GPP system shall support selection of an Evolved ProSe UE-to-Network Relay based on selection criteria: the relay UE identity, capabilities of the Evolved ProSe UE-to-Network Relay or on which 3GPP PLMN the Evolved ProSe UE-to-Network Relay connects to.
The 3GPP system shall support pre-configuration of Relay UE discovery information in addition to pre-configured PLMN selection information, needed for Relay UE selection, in the Evolved ProSe Remote UEs. It should include the applicable Relay UE identity to allow identification of to which Evolved ProSe Relay UE a specific set of information applies.
The 3GPP system shall support provisioning of information in the Evolved ProSe Remote UE (ME and/or USIM) used for relay UE selection. 

The 3GPP system shall support having preferences stored in the Evolved ProSe Remote UE related to the relay UE selection criteria, configured/controlled by the home operator, user selectable, or a combination of both.


In our understanding, these pre-configured or provisioned information are all available at the eRemote UE’s upper layer and can only be comprehended by the eRemote UE. 

Observation 1: Some information used for eRelay UE selection are only available in the upper layer of the eRemote UE and can only be comprehended by the eRemote UE.

In addition to the criteria to be used at upper layer of the eRemote UE for eRelay UE selection, there is no doubt that the short range link quality between the eRemote UE and the eRelay UE should also be used as the criteria for eRelay UE selection. If PC5 is used as the short range interface, an eRelay UE is considered as suitable only if the PC5 link quality exceeds a eNB configured signal strength threshold. If non-3GPP access is used as the short range interface, it can be FFS whether an eNB configured signal strength threshold is also applicable or not.
Proposal 3: If PC5 is used as the short range interface, an eRelay UE is considered as suitable from AS perspective only if the PC5 link quality exceeds a eNB configured signal strength threshold. 

Then, when performing path switch from cellular link to relay link, there could be two options for eRelay UE selection.
· Option 1: the eRemote UE make the final decision for the eRelay UE selection;

· Option 2: the eRemote UE reports the short range link quality of each eRelay UE that satisfies the upper layer criteria to the eNB and it’s up to the eNB to make the final decision for the eRelay UE selection.
Similar as for the L3 relay UE selection in Rel-13, we didn’t see any significant benefit of option 2 compared with option 1. On the other hand, Option 1 has the following advantages:

· It not only can apply to the path switch scenario, but also can apply to the scenarios where the eRemote UE is OOC or IC and needs to select an eRelay UE via which to establish the connection with the eNB;
· It can apply to the case where the relay UE is initially in RRC_IDLE state.
· It has small impact to the current specifications.
So, based on the above analysis, it is proposed that 
Proposal 4: The eRemote UE uses the radio link quality of the short range interface along with the upper layer criterion for final eRelay UE selection.
2.3 The involvement of eNB in the path switch procedure

For the L2 UE-to-NW relay, the eNB needs to know which eRelay UE the eRemote UE selected in order to forward the eRemote UE’s data to the correct eRelay UE and configure the Uu bearer which is used to carry the eRemote UE’s data for the correct eRelay UE. In addition, for service continuity it should be decided by the eNB whether the path switch is allowed or not and if allowed when to execute the path switch. 
Although the final eRelay UE selection is made by the eRemote UE, the eRemote UE shouldn’t switch the path autonomously due to the reasons mentioned above. Instead, after selecting an eRelay UE, the eRemote UE should send a message to its eNB to request the path switch. After receiving this message, the eNB can decide whether to allow the eRemote UE to switch its path from cellular link to relay link. If the eRelay UE selected by the eRemote UE is one of the UEs served by the eRemote UE’s eNB, and if it permits the path switch, it sends an RRC connection reconfiguration message to the eRemote UE to trigger it to execute the path switch procedure. Otherwise, if the eRelay UE selected by the eRemote UE is served by a different eNB, the eRemote UE’s eNB may trigger a handover procedure and it’s up to the eRelay UE’s eNB to decide whether the path switch is allowed.
Proposal 5: The eNB is in control of allowing/disallowing the eRemote UE to perform the path switch from cellular link to relay link as well as the time to execute the path switch. In order to get the permission from the eNB, the eRemote UE needs to send a message to its serving eNB to request the path switch.
2.4 How to provide service continuity during path switch?

One of the requirements for relay solution as captured in [4] is the service continuity shall be supported when the eRemote UE switch its path between cellular link and relay link. As we discussed in [2], this means that the service interruption should be minimized during the path switch procedure. The most straightforward way to minimize the service interruption is to support the “make-before-break” type of path switch, i.e., the eRemote UE establishes the connection with the selected eRelay UE before it disconnects with the eNB over the direct link.

Proposal 6: Make-before-break type of path switch from cellular link to relay link is supported, i.e., the eRemote UE should establish the connection with the selected eRelay UE before it disconnects with the eNB over the direct link.
Based on the above proposals, the high level procedures of path switch from cellular link to relay link where the selected eRelay UE is in the same eNB as the eRemote UE and the selected eRelay UE is in different eNB as the eRemote UE  are shown in Figure 2 and Figure 3 respectively.
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Figure 3: path switch from cellular link to relay link without eNB change
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Figure 4: path switch from cellular link to relay link with eNB change
Proposal 7: Take the path switch procedures shown in Figure 3/4 as a start point and discuss the further details based on these procedures.
3
Conclusion

In this contribution, we discuss the path switch procedure from cellular link to relay link and have the following proposals: 
Proposal 1: when PC5 is used as the short range interface at the eRemote UE, the eRemote UE in RRC_CONNECTED can send UESidelinkInformation to request the resource for discovery or for connecting with the eRelay UE only if the Uu link quality at the eRemote UE is below an optional eNB configured threshold.
Proposal 2: when non-3GPP access is used as the short range interface at the eRemote UE, the eRemote UE can initiate the path switch from cellular link to the Relay link only if the Uu link quality at the eRemote UE is below an optional eNB configured threshold.

Proposal 3: If PC5 is used as the short range interface, an eRelay UE is considered as suitable from AS perspective only if the PC5 link quality exceeds a eNB configured signal strength threshold.
Proposal 4: The eRemote UE uses the radio link quality of the short range interface along with the upper layer criterion for final eRelay UE selection.

Proposal 5: The eNB is in control of allowing/disallowing the eRemote UE to perform the path switch from cellular link to relay link as well as the time to execute the path switch. In order to get the permission from the eNB, the eRemote UE needs to send a message to its serving eNB to request the path switch.

Proposal 6: Make-before-break type of path switch from cellular link to relay link is supported, i.e., the eRemote UE should establish the connection with the selected eRelay UE before it disconnects with the eNB over the direct link.

Proposal 7: Take the path switch procedures shown in Figure 3/4 as a start point and discuss the further details based on these procedures.
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