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1 Introduction
Since Release 12, LTE D2D has been supported including sidelink discovery and sidelink communication. Sidelink Communication which focuses on Public safety has been further enhanced in Rel-13 and UE-to-Network relay has been introduced. In the UE-to-Network relay architecture, a remote UE could connect to network via a relay UE and the signalling and data transmission between the remote UE and the relay UE is based on the LTE D2D technologies (i.e., sidelink discovery and sidelink communication). The UE-to-Network relay introduced in Rel-13 is layer-3 relay, i.e., the relay UE acting as an IP router decodes and forwards IP layer packets to/from the remote UE. In this architecture, the eNB and the core network cannot tell if the data transmitted/received is for a remote UE or not, but all the data are considered to belong to the relay. Therefore, the UE-to-Network architecture introduced in Rel-13 is not suitable for commercial use case.
In this paper we propose to extend the UE-to-Network Relay solution from public safety case to general commercial use cases, considering that UE-to-Network relay can be an efficient solution to improve network performance with minimized cost.
2 Discussion
2.1 Use Cases
Case 1: MBB Hotspot 
Hotspot small cell is very important for MBB scenarios. In some cases there are big challenges on initial site selection and maintenances during operation. UE-to-Network relay can be considered as a low cost solution for operators to extend their networks’ coverage, improve system capacity/spectrum efficiency with comparably minimal CAPEX/OPEX and network energy consumption. 
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	Scenario1: Indoor(office, home)
	Scenario2: Outdoor (Vehicles, etc)


Figure 1

Figure 1 illustrates two possible scenarios for the commercial UE relay. A relay UE illustrated could be a special device or a normal device.

· For special-device UE relay, it could have high performance antenna and sufficient battery. It could be deployed at home/office where it is close to the window or deployed in buses/taxis/trains. The gain could be obtained from the better transceiver performance, sufficient power and the better channel condition.

· For normal-device UE relay, several UEs could form a group. They could communicate with each other via D2D links within a group. The data for one UE could be transmitted to/from the eNB via another UE which has better channel quality. This is a fair method to benefit each UE because each UE could get benefits from other UEs from time to time.
To introduce commercial UE-to-Network relay, some studies are needed based on R13 UE-to-Network relay:
· The remote UE’s packets should be able to be identified by EPC, so that it can be charged.

· The remote UE’s packets should be delivered from/to the network via the relay UE more securely. Currently in R13 the packets of the remote UE can be seen by the relay UE in the IP layer, which may cause a security issue.
· The service continuity of the remote UE should be guaranteed to provide a consistent service experience when the remote UE moves between the relay UE and the cellular network. 
· UE throughput of the remote UE needs improvement to support broadband service.
· Out-of-band relay operation is helpful, i.e., sidelink communication between the relay UE and the remote UE are performed on the carrier different from the carrier for Uu transmission of the relay UE. 
· Cellular&D2D link aggregation in the remote UE could be considered.
· Some mechanisms could be considered to improve the D2D link efficiency and robust, e.g., 
· Introducing RLC ARQ and/or HARQ feedback to reduce the unnecessary retransmissions;
· Introducing link adaptation to improve the efficiency. 
Case 2: Wearables

In [1], the requirements of wearable devices have been addressed. A WD (Wearable Device) could connect to network via a UE in its proximity which acts as a relay UE. In this case, more enhancements may be required, besides the requirements mentioned above in Case 1, 
· Some power saving enhancements for D2D are needed since normally wearable devices are very sensitive for power consumption.
Case 3: Massive Connections

In the scenario with massive devices, it is not efficient for all the devices to connect to eNB directly since it could be a challenge for the eNB to handle so many connections. A relay UE could be deployed to decrease the number of individual connections towards the eNB, and then overhead and power consumption can be reduced accordingly.
Apart from requirements mentioned in case 1 and case 2, more requirements are further identified for Case 3:
· Enhancements on D2D are needed to decrease complexity, e.g., currently blind detection of SC in D2D communication brings much complexity to the UE.
· Reduce D2D transmission collisions in massive connection scenario.

2.2 Potential Features
According to above use case analysis, some potential features could be considered for further study. 
Feature1: Commercial UE-to-Network Relay
· Identify necessary enhancements for the remote UE being identified by both eNB and EPC, considering that the remote UE should be charged and QoS guaranteed [RAN2];
· Studying how to support end-to-end QoS for the remote UE when the remote UE is connected to the network via a relay UE. [RAN2]
· Identify enhancements to support service continuity when the remote UE moves into/out-of the relay UE [RAN2];

· Identifying the necessity and enhancements if needed to guarantee the security of the remote UE when the remote UE transfers data to/from the network via a commercial relay UE. [RAN2];
· Study necessary enhancements to improve the UE throughput, e.g., 

· Supporting Cellular-D2D link aggregation in remote UE to improve the UE throughput [RAN2/RAN1]
· Supporting out-of-band relay operation, i.e., sidelink communication between the relay UE and the remote UE are performed on the carrier different from the carrier for Uu transmission of the relay UE. [RAN1/RAN2]
· Evaluate the feasibility to encourage UE acting as a relay UE to provide access for remote UE.[RAN2]
Feature2: D2D Link Enhancements
· Study enhancements to improve D2D transmission efficiency and robustness, e.g., introducing RLC AM, HARQ, link adaptation, and something like scheduling function in Relay UE, etc.[RAN1/RAN2]
· Study enhancements for power consumption reduction in the remote UE and the relay UE. [RAN1/RAN2]
· Study enhancement of complexity reduction for the remote UE in massive connection scenario. [RAN1/RAN2]

3 Conclusion
There are comprehensive commercial uses cases for UE-to-Network Relay. Some potential requirements and enhancements have been discussed in this paper, which could enable the use cases 1, 2 and 3 in R14.
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