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1 Introduction
In Rel-13 D2D Work Item [1], UE-to-network relay and the requirement are described as follows:
Define enhancements to D2D communication to enable the following features:

· Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)

To fulfill the above needs, certain scheme based on Rel-12 D2D communication should be considered for UE-to-network relay. In particular, in-coverage D2D capable UE can serve as a Relay node, forwarding the control and/or data between eNB and out-of-coverage D2D capable UE. In this contribution, we provide some analysis and use cases of D2D relay scenario for Rel-13.
2 D2D Relay Scenario
UE-to-network relay is supposed to work in partial coverage scenario. Its function is to provide a “bridge” to connect eNB and out-of-coverage UEs. The control and traffic flow through this UE-relay which is in-coverage and D2D capable. As illustrated in Fig. 1, the purpose of this UE-to-network relay is to extend the coverage of the network, via Sidelink transmission already specified in Rel-12. In this setting, out-of-coverage UEs are also called remote UEs. 
It should be emphasized that D2D relay UE is fundamentally different from the relay node specified in Rel-10. On the one hand, the connection between D2D relay UE and eNB is the traditional LTE Uu interface. Before it forwards data to remote UEs, the relay UE needs to set up RRC connection with eNB, so that it can receive the control and traffic data targeting for remote UEs from eNB. Here, Uu interface serves as the wireless backhaul which is different from the Un interface specified for LTE relay node and eNB connection. On the other hand, the data connection between D2D relay UE and remote UE is through D2D broadcast communication, or more specifically Sidelink such as PSCCH or PSSCH. Remote UE would treat its relay UE as a special D2D UE. In contrast, when LTE Rel-10 relay node serves its UEs, the connection is called access link which is regular Uu interface. The UEs do not differentiate whether the service is provided by a relay node or a sector of an eNB.
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Figure 1 An illustration of UE-to-network D2D relay for coverage extension.
Before discussing the potential schemes for UE-to-network D2D relay, better understanding is needed regarding the details of the scenario.
· When a remote UE does not have data to transmit, does it need to monitor nearby relay UEs?
Within certain amount of time, a remote UE may need to engage in D2D discovery or communication with nearby D2D UEs, even though it does not have data to transmit/receive from eNB. Note the purpose of D2D relay UE is to extend the coverage and reduce the “blind” spots. Whenever the network has data to be transmitted to remote UE, it requires that relay UE be able to forward the data to remote UE in time. If remote UE is not pro-actively monitor relay UE, they cannot discover each other. This would prevent efficient forwarding from happening. And the relay UE loses the purpose of coverage extension.
In addition, if a remote UE is not aware of the existence of nearby relay UEs, it would not know whether it can connect to the network via a relay UE. When this remote UE does have data to transmit to eNB, it needs to initiate the connection which requires searching through relay UEs. This would add latency to the process.
Observation 1: It is preferable that relay UE would be monitored periodically by remote UE, regardless whether the remote UE has data to communicate with eNB.
· How does remote UE identify relay UE?
Preliminary definition of discovery process between relay UE and remote UE can be found in [2]. Discovery Model A and Model B can be used for their mutual discovery. Note that relay UE ID and type information, etc are contained in the discovery message, which can be used to identify relay UEs.
In Rel-12, D2D discovery and D2D communication are two separate capabilities of D2D UEs. It is possible that only one is supported in certain D2D terminals. However, for relay UE and remote UE, before the start of traffic data, D2D discovery is needed so that relay UE can be discovered and basic information can be obtained. Therefore in D2D relay scenario, relay UEs and remote UEs should support both D2D discovery and D2D communication.
Observation 2: Relay UE and Remote UE should have both D2D Discovery capability and D2D Communication capability.
· What information is needed by relay UE?
In relay discovery message, relay UE can tag its own identity. In addition, it can configure certain D2D relay relevant information based on the configuration of the network, for example, the relay UE status information, the dedicated resource pool (if it exists), etc.
Proposal 1: Relay UE should announce its identity in discovery message to remote UE. 
From the above discussion, several use cases are listed below, corresponding to different requirements of remote UEs.

Case 1. Remote UE has no data to communicate.
In this case, remote UE is out of coverage and does not have data to communicate with the network. It only needs to keep monitoring D2DSS or D2D discovery signals from nearby D2D UEs, and searching for relay UE, and continues detecting the signals from relay UEs. 
Case 2. Remote UE has data to communicate
There are two sub-cases: triggered by remote UE, or by the network.
Case 2-1 Remote UE has data to transmit to the network
When remote UE has data to be transmitted to eNB, D2D broadcast communication can be used between relay UE and remote UE. RRC connection set up is needed between relay UE and eNB to form Uu based backhaul link. Relay UE receives the D2D broadcast transmission from remote UE via PSCCH and PSSCH.

Case 2-2 There is data to be transmitted toward remote UE
When the network has data to be reached by remote UE, data would first go through relay UE, assuming RRC connection is already set up between eNB and relay UE. Then, relay UE would know the destination by checking the identification of remote UE. Next, the relay UE sends control and data to remote UE via D2D broadcast.
3 D2D Relay Scheme
Based on the discussion above, the procedure of relay UE serving remote UE can be illustrated in Fig. 2.
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Figure 2 Procedure of relay UE serving remote UE
Step.1 Discovery between Relay UE and Remote UE
Upon D2D UE opening the relay mode, the relay UE can configure itself via either eNB indication or through pre-configuration. It then starts the transmission of Model A or Model B discovery signal, to facilitate the mutual discovery between relay UE and remote UE. In the meantime, the registration of remote UE can be performed. 

In Model A, relay UE would periodically transmit discovery message, announcing its existence and basic information such as relay UE ID to nearby UEs. Remote UE would identify relay UE by monitoring the discovery signal sent by relay UE. In Model B, remote UE would pro-actively transmit discovery message as solicitation, calling for nearby relay UEs. When relay UE receives this discovery message, it would respond and try to discover each other. 
Step.2  Detection of data request
When remote UE has data to transmit to the network, it can send request to relay UE via D2D discovery, or directly send the data via D2D broadcast transmission. Once the relay UE detects the request, or decodes the data, it would set up RRC connection to eNB, and then send data to eNB via Uu interface.

When the network has data to transmit to remote UE, relay UE would be the target receiver waiting to decode the data. If relay UE is RRC idle, the network needs to send paging to relay UE. After the paging information is detected, RRC connection would be created, followed by the data transmission/reception. Then, the relay UE sends the data to remote UE via D2D broadcast, based on the identified remote UE ID.

During the time when relay UE does not detect the request from remote UE, nor the data from the network, it can periodically send relay discovery message and related configuration information in Model A discovery. Or in Model B, the relay UE keeps monitoring the relay discovery signal from remote UEs. Since relay UE is not serving remote UE, it can maintain RRC idle with eNB. When relay UE is required to serve remote UE, relay UE should be in RRC connected.
Observation 3: Relay UE should be in RRC_connected when severing remote UE.

Step.3 data transmission between eNB and Relay UE on Access Link
The link between relay UE and eNB is the traditional access link, i.e., Uu interface. Relay UE can either receive data from eNB, or transmit data of remote UE to eNB via the access link. Most of the features of Uu downlink and uplink can be reused. The only exception may be that certain identification of remote UE needs to be transmitted.
Step.4 data transmission between Relay UE and Remote UE on Sidelink
In Sidelink, since relay UE is in coverage, Mode 1 D2D communication may be used when relay UE transmits data to remote UE. The resources of PSCCH and PSSCH used by relay UE would be scheduled by eNB. Alternatively, Mode 2 would be considered where relay UE competes for resources to send data to remote UE. No matter which mode of D2D communication is to be used, the resource pool assumed by relay UE transmission should be within the reception resource pool assumed by remote UE.

Remote UE is out of network coverage. According to Rel-12 specification of D2D communication, only Mode 2 can be considered. Remote UE would compete for the PSCCH/PSSCH resource within the Mode 2 resource pool. The probability of getting the resources depends on the resource pool configuration, distribution of nearby UEs, transmit power, interference, etc.  Obviously, it is harder to achieve high reliability and low latency in Mode 2.

From eNB perspective, the relaying operation may be transparent. That is, the target for eNB downlink data is relay UE, and the uplink signal is also from the relay UE, eNB does not know the existence of remote UE, nor the fact that relay UE is serving remote UE. The Sidelink transmission by relay UE is totally unknown to eNB. Therefore, it is possible that the scheduling for cellular uplink transmission may collide with the Sidelink transmission by relay UE or by remote UE [3]. Such collision may become more serious as the number of relay UEs and remote UEs increases. To mitigate the collision, it may be worth thinking to configure relay resource pool when relay UE starts to execute the function of relaying. This configuration information can also be indicated to remote UEs, and the relay resource pool is dedicated for Slidelink transmission between relay UE and remote UEs, so that the communication between relay UE and remote UE use the restricted resources orthogonal to that for cellular uplink transmission. 
Proposal 2: To configure D2D Relay resource pool for Relay UE Sidelink transmission and reception.

Sidelink communication between relay UE and remote UE can reuse Rel-12 D2D broadcast communication. However, no matter whether the communication is from relay UE to remote UE, or vice versa. The number of target receivers is one, since the relay-UE is to extend the coverage of unicast services. In this sense, broadcast communication is not very suitable here, considering the blind HARQ of fixed 4 transmissions. Certain resource waste is expected, and the efficiency of the operation is also limited by D2D subframe configuration, with un-necessary retransmissions that would cause extra delay. Therefore, minor optimization may be considered, for example, to define the data packet transmission number on Sidelink between relay UE and remote UE. This number can be based on the overall channel condition of the Sidelink, and hence can improve the resource utilization and save the power of UE.
4 Conclusions

Scenarios and operation procedure of UE-to-network relay were discussed, with the following observations and proposals.
Observation 1: It is preferable that relay UE would be monitored periodically by remote UE, regardless whether the remote UE has data to communicate with eNB.
Observation 2: Relay UE and Remote UE should have both D2D Discovery capability and D2D Communication capability.
Observation 3: Relay UE should be in RRC_connected when severing remote UE.

Proposal 1: Relay UE should announce its identity in discovery message to remote UE. 
Proposal 2: To configure D2D Relay resource pool for Relay UE Sidelink transmission and reception.
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