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1      Introduction

During RAN plenary meeting#67, LTE eD2D ProSe WI was approved. Among other features, extending network coverage using L3-based UE-to-NW Relay including service continuity (if needed) is to be covered as part of Rel-13. In stage 1 document [2], certain generic requirements and service continuity related specific requirements w.r.t the usage of UE-to-NW Relays are provided as per below:

ProSe Communication is also facilitated by the use of a ProSe UE-to-Network Relay, which acts as a relay between E-UTRAN and UEs not served by E-UTRAN. The use of this relay function is controlled by the operator.
A Public Safety ProSe-enabled UE shall be capable of acting as a ProSe UE-to-Network Relay between a UE and E-UTRAN if it is authorised to act as a relay and served by this E-UTRAN.

The user of a Public Safety ProSe-enabled UE acting as a relay should not perceive service degradation due to its use as a relay, regardless whether or not the Public Safety ProSe-enabled UE is served by E-UTRAN.
Based on operator policy and user choice, the system shall be able to move a user traffic session of a Public Safety ProSe-enabled UE that is losing connection to the network to a direct ProSe Communication path via a Public Safety ProSe-enabled UE acting as a ProSe UE-to-network relay, which is in direct Communication Range and has connectivity to the network. A mechanism to support service continuity shall be provided and may apply when the traffic is moved. This requirement is not applicable to ProSe Group Communication and ProSe Broadcast Communication.
In this contribution, we provide an overview of the different aspects to be considered in RAN2 for enabling UE-to-NW relay feature to enhance the LTE device to device proximity services operation. 
2      Background information
As per [3], the UE-to-NW Relay is agreed to be a Layer-3 relay (i.e. an IP router), and the following functions are to be supported using the relay [4]:
· Unicast relaying: Based on one-to-one direct communication between a Remote UE, that is not served by E-UTRAN, including support for the relaying of unicast traffic (UL and DL) between the Remote UEs and the E-UTRAN. The ProSe UE-to-Network Relay provides a generic L3 forwarding function that can relay any type of IP traffic that is relevant for public safety communication.

· eMBMS relay support: One to many communication, including support for the relaying of eMBMS to Remote UEs served by the UE-to-NW Relay.
· ECGI announcement: The announcement of the ECGI by a ProSe UE-to-NW Relay allowing remote UEs served by a ProSe UE-to-NW Relay to receive the value of the ECGI of the cell serving the ProSe UE-to-NW Relay.
As shown in the diagram below from [3], the Remote UE is considered out-of-coverage of the network and is utilizing relay support to access the network. The basic aspects considering unicast relaying are discussed in the following subsections. 
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Figure 1 ProSe UE-to-NW Relay [3]
UE-to-NW Relay requirements

The L3 UE-to-NW Relay requirements should be determined considering applicability to voice and video services as per [1]. VoIP is low rate traffic with stringent requirements in terms of air-interface latency. The typical cellular requirements on VoIP air-interface latency are in the range from 50-80 ms. For UE-to-NW relaying, this latency budget is shared among two transmission hops eNB ↔ UE-to-NW Relay and UE-to-NW Relay ↔ Remote UE (out-of-coverage). It is to be noted that for video data rates, there are many different video codecs and gradations of video quality, but the specific data rate requirements or the range of targeted data rates for L3 UE-to-NW Relay has not been identified in SA2.
The voice and video traffic generated by the Remote UE may be handled with different priority over the PC5 interface to the UE-to-NW Relay, and the addition of such priority handling is a separate objective of the WI. Apart from priority handling, it is not expected that any additional functionality (e.g. QoS) will be added to support voice and video services. 
  Proposal 1: Discuss and clarify that voice and video traffic emerging from the Remote UE may be differentiated by priority handling only and, there is no need to discuss further additional functionality in RAN2. 
Basic procedure
The basic procedure agreed in SA2 for ProSe UE-to-NW Relay is shown in the figure below. The relay performs E-UTRAN attach and establishes the network connection and a PDN connection for relaying. When the Remote UE discovers the relay through the discovery procedure, it establishes one-to-one communication with the relay as shown in step 3. Further aspects of the support of one-to-one direct communication connection are covered in [8]. 
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Figure 2 Call flow for ProSe UE-Network Relay [4]
Observation 1: It has been agreed in SA2 that a one-to-one direct communication connection (e.g. based on PC5 signalling) between the Remote UE and the ProSe UE-to-NW Relay is necessary and it cannot be connectionless.

User plane aspects

One-to-one communication over the PC5 interface may be enabled using Rel-12 sidelink direct communication where the upper layers provide suitable unicast L2 IDs instead of ProSe Group IDs. The data sent/received from the Remote UE goes over the PC5 interface to the UE-to-NW Relay and routed over Uu using one of its EPS bearers to the network. The relay uses the existing EPS bearer or requests to establish a new EPS bearer for relaying. It may be possible to make UE-to-NW Relay function transparent to the eNB. 
Observation 2: As the relaying is done at the IP layer, the data traverses transparently through the eNB and does not affect the Access Stratum protocol; and there is minimal impact on the user plane of Uu and PC5 interfaces.  
In the following sections, we discuss the relevant aspects with RAN2 impact and provide our view. 

3      Discussion
eNB involvement
There are some aspects of the relay operation which may require eNB involvement as explained below: 
· Authorization: We understand that authorization of ProSe is provided in the upper layers. However, in Rel-12, the eNB validates whether an in coverage UE is authorized for ProSe Direct Communication transmission using the UE context received from MME. The question for release 13 would be whether the eNB needs to validate the UE-to-NW relay only or both UE-to-NW relay and the Remote UE. Given that out-of-coverage UEs are not validated by the eNB in Rel-12, there is no strong reason for the eNB to validate the Remote UEs.  Furthermore, even if the eNB wanted to validate the Remote UEs, some challenges are expected e.g. how the Remote UE can provide UE information to the eNB and what type of information would be necessary. 
Proposal 2: The eNB validates that UE-to-NW relay is authorized for ProSe Direct Communication. The eNB does not validate the Remote UE. RAN2 to discuss whether any additional validation is required e.g. that the UE-to-NW relay is authorized to act as a UE-to-NW relay. 
· Resource utilization:  Basically, Rel-12 resource allocation can be reused for one-to-one communication between the Remote UE and the UE-to-NW Relay. The Remote UE in out-of-coverage will use mode 2 operation with the preconfigured pool of resources (i.e. preconfigComm in SL-Preconfiguration) to transmit the data. The UE-to-NW Relay is in coverage and hence may use either more 1 or mode 2 operation to transmit data.
Considering that the use cases mentioned for UE-to-NW Relay are voice and video according to WID, it may be necessary to prioritize UE-to-NW relaying over other direct communication. In the case that mode 1 is used for the UE-to-NW Relay, the eNB should know whether the UE is acting as UE-to-NW Relay and also how many Remote UEs are connected to this UE. Also, further discussion is necessary if the relay may need to schedule resources for the Remote UE and whether the relay may be aware of the traffic type that the Remote UE is using. In the case mode 2 is used then it could be considered whether a specific transmit resource pool should be reserved for the UE-to-NW Relay traffic compared to other traffic.
Observation 3: Further consideration is required as to whether resource allocation should differentiate between UE-to-NW Relay traffic and other traffic. 

· UE-to-NW Relay selection:   SA2 has not concluded about how a Remote UE chooses a relay or how a ProSe UE chooses to act as a UE-to-NW Relay. It is assumed that any Public Safety ProSe UE may act as a relay if authorized by upper layers to do so. Currently, the parameters provided during UE-to-NW Relay discovery and therefore available for the Remote UE to use for the purpose of relay selection are ProSe Relay UE ID, PLMN ID, Connectivity Info (e.g. APN information), Group Info. (information about groups that the relay is currently relaying). Potentially some radio related parameter could also be useful to the 
Remote UE for relay selection. 
· In addition, it may be possible for the eNB to be involved in choosing a suitable Relay for the Remote UE depending on the scenario. For example, if the Remote UE has been in-coverage and is moving out-of-coverage, it may potentially share the candidate relay information with the eNB for evaluation and selection. The eNB may assist by providing the radio condition e.g. RSRP of each candidate relay. The eNB may also provide suitable relays to the Remote UE by itself. However, if the Remote UE is out-of-coverage, this option is not possible; the Remote UE needs to decide autonomously. 
Proposal 3: RAN2 needs to discuss whether certain AS related information may be beneficial for selecting the most suitable UE-to-NW Relay and whether the eNB should have any role in the process.
Service continuity aspects
In general, it is to be noted that MCPTT is the only public safety application specified by 3GPP in Rel-13 and an application-level mechanism for service continuity when transitioning between direct communication with E-UTRAN and communication via a UE-to-Network Relay is being considered in [7] and discussed in SA2. 

From the RAN2 perspective, we can consider how the access stratum functions might impact service continuity and what level of service interruption might be experienced. Two different cases are considered:

Case i) Remote UE is in-coverage with the network and moves out-of-coverage 

If the Remote UE has been in direct communication with the network before moving out-of-coverage, it has the opportunity to perform relay discovery and establish the connection with the UE-to-Network Relay (and perform an application layer signalling that may be required to support the switch of traffic from the direct path to the relay path) before it loses direct communication with the network. The process can be make-before-break, made possible as the UE is able to operate concurrently on Uu and PC5 interfaces. With this approach any service interruption due to the path switch should be minimal.
Case ii) Remote UE is out-of-coverage and moves into coverage
When a Remote UE that is out-of-coverage wants to communicate with the network, it will perform relay discovery and establishes the relay path as described in section 2. If the UE then moves into network coverage it can continue to use the relay path while it establishes a direct connection to the network (and performs any application layer signalling that may be required to support the switch of traffic from the relay path to the relay path). As for case i) the process can be make-before-break and consequently any service interruption should be minimal.
Observation 4: Simultaneous operation on Uu and PC5 interfaces means that the switch between direct path and relay path can be make-before-break and consequently any service interruption should be minimal.
Proposal 4: RAN2 to discuss whether any action is required in RAN2 to support service continuity feature in Rel-13.
4      Conclusions and proposals
In this contribution, we discussed the different aspects to be considered in RAN2 for deployment of ProSe UE-to-NW Relay and have the following observations and proposals.
  Proposal 1: Discuss and clarify that voice and video traffic emerging from the Remote UE may be differentiated by priority handling only and, there is no need to discuss further additional functionality in RAN2. 
Proposal 2: The eNB validates that UE-to-NW Relay is authorized for ProSe Direct Communication. The eNB does not validate the Remote UE. RAN2 to discuss whether any additional validation is required e.g. that the UE-to-NW Relay is authorized to act as a UE-to-NW Relay. 
Proposal 3: RAN2 needs to discuss whether certain AS related information may be beneficial for selecting the most suitable UE-to-NW Relay and whether the eNB should have any role in the process.

Proposal 4: RAN2 to discuss whether any action is required in RAN2 to support service continuity feature in Rel-13.
Observation 1: It has been agreed in SA2 that a one-to-one direct communication connection (e.g. based on PC5 signalling) between the Remote UE and the ProSe UE-to-NW relay is necessary and it cannot be connectionless.

Observation 2: As the relaying is done at the IP layer, the data traverses transparently through the eNB and does not affect the Access Stratum protocol; and there is minimal impact on the user plane of Uu and PC5 interfaces.  
Observation 3: Further consideration is required as to whether resource allocation should differentiate between UE-to-NW Relay traffic and other traffic.
Observation 4: Simultaneous operation on Uu and PC5 interfaces means that the switch between direct path and relay path can be make-before-break and consequently any service interruption should be minimal.
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