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1. Introduction 
In RAN#73, the SI was updated [1] with the following objectives (extract). 

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]. 

2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1,RAN2].

b. Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].

In RAN2#96, L2 relay architecture study was progressed and the user plane protocol stack was captured in the TR [2][]
 as follows, Figure 1, L2 Relay architecture
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Figure 1, L2 Relay architecture
This document provides some considerations on mobility and Service continuity using a L2 Relay.
2. Discussion

At the latest RAN2 meetings Service continuity was not discussed, even though the relay solution is intended to support service continuity when the Evolved ProSe Remote UE selects or switches its path between Uu and PC5. In this section, we further discuss amongst other different mobility scenarios as well as Procedure and potential protocol impact and give some proposals and recommendations for discussion
In the rest of the document the terms Relay UE and Remote UE are used to identify the eRelay and the Evolved ProSe Remote UE.
Requirements
Based on TS 22.278 requirements on Indirect 3GPP Communication is specified related to mobility and service continuity.
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Currently it is not clear to what extent and level that the requirement is referring to. This might lead a number of solutions, but where in the end, user experience and system impact should be considered. Based on agreed Evolved L2 based ProSe UE to Network Relay, service continuity should be handled below IP, possibly enable a transparent PDCP tunnel between the Remote UE and eNB.
Scenarios
A number of scenarios has been proposed to be discussed [3] [4] [5] in where service continuity for path switching needs to be discussed;
Scenario set 1. Intra-cell Path switching:

A) Path switching between Direct and Indirect and between Indirect to another Indirect
· 1A1) Remote UE path switch from cellular link and relay link based on PC5 or vice versa
· 1A2) Remote UE path switch from relay link to another relay link based on PC5
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Figure 2, scenario 1A1
Proposal 1: The Intra cell path switch scenarios should be supported and studied.

B) Out of Coverage

· 1B1a) Remote UE and Relay UE both move Out of Coverage. 
· 1B2b) Relay UE moves Out of Coverage, while Remote UE stays in same cell
· 1B3) Remote UE moves Out of Coverage, while Relay UE stays in same cell direct to relay

In 1B1 the connection to the network is lost, and communication is stopped altogether. 
In case of 1B2, the Relay UE would behave according to scenario 1A1 and the remote UE should switch to direct link. 

In case of 1B3, the indirect relay link should be maintained. Details are FFS.

Proposal 2: The Out of Coverage scenarios needs to be further studied.
C) Non-3GPP access
· 1C1) Remote UE path switch between cellular link and relay link, based on non-3GPP access

· 1C2) Remote UE path switch from relay link based on non 3GPP access another relay link based on PC5

For the case where the UE may use non-3GPP access to connect via the Relay, it must be up to the Remote UE to evaluate radio conditions and other preferences when to select to us the Relay UE via non-3GPP access and when to use the direct Uu link.

Scenarios 1C1 and 1C2 are similar to 1A1 and 1A2, except that non-3GPP access is used for the link between UE and Relay.

Proposal 3: The Intra cell non-3GPP access path switch scenarios should be supported and studied.
D) Unidirectional Relay
· 1D1) Remote UE uses a direct link for downlink for all downlink traffic, and uplink via relay
· 1D2) Remote UE uses a direct link downlink for some downlink traffic

In certain radio environments, the UE may prefer to receive in the downlink via direct link, instead of via a Relay. In other scenarios the UE may prefer to only camp on a Relay and receive all downlink information, system information, paging, and user data transfer, via the Relay. In some scenarios the UE prefers a mix of these different approaches, where e.g. the UE in Idle mode listens to the base station, but switches to Indirect connection for Connected Mode data traffic in both downlink and uplink.
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Figure 34, Unidirectional Relay
Small IoT/wearable devices (NB-IoT, eMTC) are allowed to have a more relaxed transmitter performance?, and in that case the link budget for UL and DL may become asymmetrical. The device may be able to receive DL data/info in the entire cell, but only transmit UL data in a smaller area closer to the eNB. This is one example where the UE may have different preferences e.g. for a case where the operator has a network deployment where the Uplink coverage is much lesser then the downlink. In other scenarios the Remote UE is monitoring the Uu interface for system information and paging, but uses the Relay when initiating MO traffic.
Proposal 4: Discuss scenario for asymmetrical uplink and downlink

Scenario set 2: Inter cell Mobility:

A) Path switching between Direct and Indirect and between Indirect to another Indirect.
· 2A1) Remote UE and Relay UE moves together to another cell. 
· 2A2) Remote UE moves to another cell and maintains indirect to relay in the previous cell.

· 2A3) Remote UE moves to direct link in another cell, while Relay UE stays in same cell. 
· 2A4) Relay UE moves to another cell, while Remote UE stays in same cell and switches to direct link
· 2A5) Remote UE does path switch to a Relay UE in another cell.
In case the indirect link is possible to maintain, the communication continues. For 2A2 the scenario may have little impact since no path switch would be needed. For the other cases further details to maintain service continuity needs to be discussed.

Proposal 5: The Inter cell mobility scenarios needs to studied starting with 2A1 and 2A2.
Linked mobility operation scenario

Relay and remote UE either both move together with the same velocity or both stay immobile, so the relative position between them is almost invariable. An example case is where a user carries both a smartphone (relay) and a wearable (remote UE). Linked mobility can apply in scenario 2A1 to reduce signalling overhead and remote UE measurements.
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Figure 5, Linked Mobility
Proposal 6: Linked mobility operation is supported at least in scenario 2A1.
Non-linked mobility operation scenario

Relay and remote UE don’t move together, so the relative position of relay and remote UE changes in time. For example, a user leaves the smartphone in a fixed location and moves with the wearable.
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Figure 6, Non-linked mobility
Proposal 7: Scenario for Non-Linked mobility operation is supported for the other scenarios.

Summary
In order to prioritize the scenarios in this study we start to focus on scenario 1a, in order to develop the relevant procedures and functionality for the concerned entities, eNB, Relay UE and Remote UE, as well as potential impact in Core Network, EPC, to handle path switch of the PDCP connection between RemoteUE/UE and eNB, including trigger criteria’s, signalling procedures and security aspects.

Proposal 8: Start with the first intra-cell path reselection scenario 1A, to develop the main basic functionality.
3. Conclusion
In this paper we have discussed mobility scenarios to be studied and how to ensure Service continuity for when the Evolved Remote UE changes between direct link and Indirect link via evolved Relay UE.
Proposal 1: The Intra cell path switch scenarios should be supported and studied starting with 1A1 and 1A2.
Proposal 2: The Out of Coverage scenarios needs to be further studied.
Proposal 3: The Intra cell non-3GPP access path switch scenarios should be supported and studied.

Proposal 4: Discuss scenario for asymmetrical uplink and downlink

Proposal 5: The Inter cell mobility scenarios needs to studied starting with 2A1 and 2A2.
Proposal 6: Linked mobility operation is supported at least in scenario 2A1.

Proposal 7: Scenario for Non-Linked mobility operation is supported for the other scenarios.

Proposal 8: Start with the first intra-cell path reselection scenario 1A, to develop the main basic functionality.
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