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1   Introduction
In RAN#71 meeting, the SI named “Further Enhancements LTE Device to Device, UE to Network Relays for IoT and Wearables” was agreed. One of the objectives is to study path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity, as follows [1]. 
	1. Study and evaluate a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network Relay UE. [RAN2]

a. Study the possibility of  a common solution supporting the following use cases:[RAN2]
i. UE to network relaying over non-3GPP access (Bluetooth/WiFi). 

ii. UE to network relaying over LTE sidelink. 

iii. Unidirectional and bidirectional UE to network relay.
b. Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple evolved Remote UEs via an evolved ProSe UE-to-Network Relay UE.[RAN2] 

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


In this paper, we discuss the UE mobility aspect for evolved remote UE in the evolved UE-to-Network Relay architecture. Firstly, we discuss various UE mobility scenarios for path switch between cellular link and relay link, and between relay links. And then, we discuss potential issues concerning path switch of remote UE and present our considerations. 
2   Discussion
Mobility scenarios 
In this section, we discuss the possible scenarios for remote UE mobility. As we know, the evolved remote UE could communicate with the network via cellular link and/or relay link. When evolved remote UE moves around, it may switch between cellular link and relay link, or between relay links, or moves along with evolved relay UE. More specifically, the following four scenarios are listed in the below.
· Scenario 1:  Remote UE path switch from cellular link to relay link
· Scenario 2: Remote UE path switch from relay link to cellular link
· Scenario 3: Remote UE path switch from relay UE1 to relay UE2
· Scenario 4: Remote UE moves together with relay UE
Scenario 1: Remote UE path switch from cellular link to relay link
In this scenario, the remote UE connects directly to the eNB via Uu interface at first. And then, the remote UE moves close to a relay UE or a relay UE moves close to the remote UE, which is illustrated in Figure 1a and Figure 1b respectively. In figure 1a, a relay UE moves close to the remote UE, the remote UE discovers the relay UE and detects the relay UE is a suitable relay UE. Then the remote UE connects to the relay UE and the serving cell of the relay UE and the remote UE is the same (scenario 1a). In figure 1b, the remote UE moves into the relay UE and eNB2’s coverage. The remote UE discovers the relay UE and detects the relay UE is a suitable relay UE. Then the remote UE connects to the relay UE and the serving cell of the relay UE is different from the previous serving cell of the remote UE (scenario 1b). In the above scenario 1a and scenario 1b, the remote UE may switch from cellular link to the relay link, since relay link is considered to be more power saving than cellular link and power saving is the primary target of the study item. 
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Figure 1a.  Scenario 1a - path switch from cellular link to relay link (in the same cell) 
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Figure 1b. Scenario 1b - path switch from cellular link to relay link (in different cells)
Scenario 2: Remote UE path switch from relay link to cellular link
In this scenario, the remote UE initially connects to the network via relay and the remote UE may be in coverage or enhanced coverage or out of coverage. Then, the relay UE moves away from the remote UE or the remote UE moves away from the relay UE, which is illustrated in figure 2a and figure 2b respectively. In figure 2a, since the relay UE moves away, the remote UE try to find a suitable cell or another relay UE. Suppose the remote UE detects that the previous serving cell is suitable, it then switch from relay link to cellular link. In figure 2b, the remote UE moves away from the connected relay UE and serving eNB (i.e. eNB1). Suppose the remote UE finds a suitable cell from eNB2, the remote UE shall switch from relay link to cellular link together with cell handover (scenario 2b).
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Figure 2a. Scenario 2a - path switch from relay link to cellular link (in the same cell)
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Figure 2b. Scenario 2b - path switch from relay link to cellular link (in different cells)
Scenario 3: Remote UE path switch from relay UE1 to relay UE2
In this scenario, the remote UE connects to the network via relay UE1 at first. And then, relay UE1 moves away from the remote UE or the remote UE moves away from relay UE1, which is illustrated in figure 3a and Figure 3b respectively. In figure 3a, since the relay UE (relay UE1) moves away from the remote UE, the remote UE reselects another relay UE. Then the remote UE shall switch from relay link 1 to relay link 2 and the serving cell of relay UE 1 and relay UE 2 is the same cell (scenario 3a). In figure 3b, the remote UE moves away from relay UE 1 and eNB1. Then, the remote UE reselects relay UE3 and relay UE 3’s serving cell is different from the previous serving cell of the remote UE (scenario 3b).  As a result, the remote UE shall switch from a relay link to another relay link together with cell handover.
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Figure 3a. Scenario 3a - path switch from a relay link to another relay link (in the same cell)
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Figure 3b. Scenario 3b - path switch from a relay link to another relay link (in different cells)
Scenario 4: Remote UE moves together with relay UE
As we know, the remote UE may be paired with a relay UE and moves together with the paired relay UE. In this scenario, the remote UE and relay UE are always served by the same cell. As illustrated in figure 4, the remote UE connects to the network via relay UE 1 and the serving eNB of remote UE and relay UE1 is eNB1. Then, the remote UE and relay UE1 moves to eNB2’s coverage. The remote UE and relay UE1 shall handover from eNB1 to eNB2 whereas the remote UE’s relay link keeps unchanged. 
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Figure 4. Scenario 4 - remote UE moves together with relay UE
Proposal 1: The following mobility scenarios shall be studied in RAN2:
· Scenario 1 remote UE path switch from cellular link to relay link
· Scenario 2. remote UE path switch from relay link to cellular link
· Scenario 3. remote UE path switch from relay UE1 to relay UE2
· Scenario 4. Remote UE moves together with relay UE
Observation1: The serving cell of the remote UE may change when the remote UE path switch between cellular link and relay link, or between relay links.
Proposal 2: The scenarios that remote UE path switch between cellular link and relay link, or path switch between relay links in the same cell or in different cells shall be studied. 
Key issues
As we know, in Release 13, the UE-to-Network Relay supports Layer 3 relay of unicast or multicast traffic (UL and DL) between the Remote UE and the network. While in R14 feD2D, there are a lot of new requirements considering the IoT and wearable devices. According to feD2D SI [1], we need to study a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach an evolved Remote UE via an evolved ProSe UE-to-Network Relay UE. Furthermore, the primary objective of R14 feD2D SI is to address power efficiency for the wearable device (i.e. remote UE). Considering the above new requirements and architecture design for R14 evolved ProSe UE-to-network relay, we discuss the following potential issues in this section. 
Issue 1. How to achieve power saving in the scenario of remote UE mobility?
As analyzed in section 2.1, the remote UE may be paired with a relay UE and moves together with the paired relay UE.  Based on legacy specification, the remote UE needs to perform Uu RRM measurement and perform potential cell reselection (for IDLE mode) or cell handover (for CONNECTED mode) procedure when necessary. Considering that the remote UE moves together with its paired relay UE, it is not necessary for the remote UE to perform Uu RRM measurement at the pairing time. And the relay UE could inform the remote UE upon change of the serving cell and deliver essential system information of the serving cell to the remote UE.  In this way, the battery life of remote UE is extended. 
Proposal 3: From the perspective of power saving of remote UE, the relay UE could inform the paired remote UE upon change of the serving cell and deliver essential system information of the serving cell to the remote UE.
Issue 2. How could the remote UE perform path switch decision?
In R13 D2D, the in coverage remote UE searches and selects relay UE only if the Uu link quality is below a network configured threshold. The cellular link is preferred. In R14, since the primary objective of feD2D SI is to address power efficiency for the wearable device, relay link is preferred for the evolved remote UE, which is different from R13 principle. 
So when the evolved remote UE is using a cellular link directly, it shall keep searching for a candidate relay UE. And the evolved remote UE shall switch to a relay link once the remote UE detects that the PC5 link quality is better than configured threshold, even though the Uu link quality is not so bad. On the other hand, when the remote UE detects that the PC5 link quality is below the configured threshold, the remote UE switch from relay link to cellular link. As for switching between relay links, the R13 principles could be reused. The eNB could configure PC5 link quality threshold/hysterisis for the remote UE to control the path switch decision in the remote UE.
Observation 2：The evolved remote UE shall switch to a relay link once the remote UE detects that the PC5 link quality is good, even though the Uu link quality is not so bad.  
Proposal 4: The eNB could configure PC5 link quality threshold/hysterisis for the remote UE to control the path switch decision in the remote UE. 
Issue 3. How to support remote UE path switch in different cells?
According to the R14 feD2D SI [1], a generic Layer 2 relay architecture, including methods for the network to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network Relay UE should be studied. As a result, the eNB has to maintain and manage the context of the evolved remote UE, no matter the remote UE is using cellular link or relay link. On the other hand, as described in section 2.1, the serving cell of the remote UE may change when the remote UE performs path switch between cellular link and relay link, or between relay links. In this situation, the remote UE path switch shall involve cell handover procedure. More specifically, after the remote UE makes path switch decision, the remote UE shall report to the eNB either via cellular link or relay link. And then, the eNB may initiate cell handover procedure if necessary and transfer the remote UE’s UE context to the target eNB. 
Proposal 5: After the remote UE makes path switch decision, the remote UE shall report to the eNB either via cellular link or relay link. And then, the eNB may initiate cell handover procedure if necessary and transfer the remote UE’s UE context to the target eNB.
3   Conclusion
In this paper, we discussed various UE mobility scenarios for path switch between cellular link and relay link, and between relay links. And then, we discussed potential key issues concerning path switch of remote UE and presented our considerations. We have the following observations and proposals: 
Observation1: The serving cell of the remote UE may change when the remote UE path switch between cellular link and relay link, or between relay links.

Observation 2：The evolved remote UE shall switch to a relay link once the remote UE detects that the PC5 link quality is good, even though the Uu link quality is not so bad.  
Proposal 1: The following mobility scenarios shall be studied in RAN2:
· Scenario 1 remote UE path switch from cellular link to relay link
· Scenario 2. remote UE path switch from relay link to cellular link
· Scenario 3. remote UE path switch from relay UE1 to relay UE2
· Scenario 4. Remote UE moves together with relay UE
Proposal 2: The scenarios that remote UE path switch between cellular link and relay link, or path switch between relay links in the same cell or in different cells shall be studied. 
Proposal 3: From the perspective of power saving of remote UE, the relay UE could inform the paired remote UE upon change of the serving cell and deliver essential system information of the serving cell to the remote UE.
Proposal 4: The eNB could configure PC5 link quality threshold/hysterisis for the remote UE to control the path switch decision in the remote UE. 
Proposal 5: After the remote UE makes path switch decision, the remote UE shall report to the eNB either via cellular link or relay link. And then, the eNB may initiate cell handover procedure if necessary and transfer the remote UE’s UE context to the target eNB.
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