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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]During the RAN#73 plenary meeting, the feD2D study item was approved. The objectives of the study item are listed as following: 
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. [bookmark: OLE_LINK22][bookmark: OLE_LINK23]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. [bookmark: OLE_LINK24][bookmark: OLE_LINK25]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. [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
This study item will focus on below coverage scenarios:
· Evolved Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage. 
· Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode).
· Evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN.
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]In this contribution, we analyze the identified coverage scenarios and discuss the corresponding mechanisms to enhance the communication between the Remote UE and eNB via Relay UE.

Discussion
Coverage scenarios analysis:
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Based on above three identified coverage scenarios, we outline potential enhancements to enable D2D aided wearable and MTC applications.
[image: ]
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Figure 2-1, Scenario 1: both relay UE and remote UE are in the coverage of eNB
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]For the first coverage scenario, as shown in figure 2-1, both remote UE and relay UE are in coverage of eNB. The sidelink communication between relay UE and remote UE can be based on eNB scheduling which is similar to legacy sidelink communication mode 1 for public safety and mode 3 for V2V communication. Introduced relay UE would help to offload the data delivery between eNB and remote UE. Moreover, considering the requirement of energy saving of remote UE especially when the remote UE is a NB-IoT or wearable UE, eNB could schedule the remote UE to transmit UL data with low transmission power on sidelink path to a nearby relay UE due to better link condition. For the DL transmission, in order to minimize the implementation complexity and cost of a remote UE, there is no need to add additional receiver chain for receiving sidelink transmission from relay UE. A straightforward solution for the remote UE is just to receive from the eNB directly. In other words, unidirectional transmission from a remote UE to relay UE via sidelink can provide the communication in this scenario. To meet the requirement of QoS and reliability of the unidirectional sidelink transmission, channel state information of the sidelink and the other informations obtained at relay UE can be reported to eNB for eNB to make decisions such as power control, MCS selection or the other operations. ACK/NACK transmission also can be scheduled by eNB directly.
[image: ]
Figure 2-2, Scenario 2: Relay UE and Remote UE with CE are in the coverage of eNB
For the second coverage scenario, as shown in figure 2-2, similar solution to the first scenario can used. The main difference is that the remote UE cannot directly communication with eNB in UL case. So its UL transmission to eNB needs the aid of a relay UE. Unidirectional transmission from the remote UE to the network relay UE is more beneficial to reduce a large number of repetition transmission in the UL. The DL coverage of eNB can continue to rely on CE technology.
[image: ]
Figure 2-3, Scenario 3: Relay UE is in coverage of eNB and Remote UE is out coverage of eNB
For the third coverage scenario, as shown in figure 2-3, the remote UE is out of coverage of the eNB and cannot communicate with the eNB directly. The communication of remote UE and eNB has to be aided via bidirectional sidelink transmission between remote the UE to the network relay UE. The relay UE and the remote UE can autonomous select resource from eNB (pre)configured resource pool or relay UE can be designed as a relay node to allocate resource for remote UE. If the sensing based resource selection is used, the relay UE can perform the sensing operation for the remote UE. In additional, since the remote UE cannot receive the synchronization signal from the eNB directly, the relay UE can function as the synchronization source.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 1: The enhancements to enable D2D aided wearable and MTC applications need to be studied respectively corresponding to different coverage scenarios.

Unidirectional and bidirectional transmission from remote UE to network relay
In order to support all three coverage scenarios, both unidirectional and bidirectional communication between the remote UE and the relay UE have to be studied. Considering the restriction of remote UE capability, unidirectional communication from the remote UE to the network relay UE has the advantage of reducing the remote UE implementation complexity, at least for cost sensitive remote UEs. On the other hand, it may be not a big deal on complexity/cost of relay UE to support unidirectional and bidirectional sidelink communication. Furthermore, if a bidirectional relay UE is designed, the relay UE can help to deliver data for two types of remote UEs, i.e. unidirectional remote UE and bidirectional remote UE. It is more flexible to select the communication mode between relay UE and remote UE. 
Proposal 1: Relay UE needs to support both unidirectional and bidirectional sidelink communication, and remote UE can only support unidirectional or bidirectional sidelink communication.

QoS and reliability
Normal mechanisms to enable QoS and reliability in RAN1 scope include: adaptive MCS selection, ACK/NACK feedback, repetition transmission, power control, etc.  Some of them need to measure the channel condition, and then to report the relevant information to the eNB or to determine link adaptive adjustment by itself. Considering remote UE complexity and power consumption, we prefer relay UE to perform the measurement and reporting instead of remote UE. For ACK/NACK feedback, if remote UE type is a MTC terminal and supports remote meter reading business, design of ACK/NACK procedure needs to concern about transmission accuracy rather than transmission delay. Otherwise, if remote UE type is wearable device and supports voice call business, design of ACK/NACK procedure needs to consider both accuracy and delay requirements.
Proposal 2: Relay UE or relay UE assisting eNB to enable QoS and reliability related mechanisms, and design of ACK/NACK procedure should consider UE capability and traffic type.

Low complexity/cost
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The main factor affecting UE complexity and cost is the direction of the communication as explained in section 2.2. And the newly introduced signaling and procedure to enable QoS and reliability may increase the complexity/cost of relay UE and remote UE to some extent. Based on the above discussion, we expect to define different UE capabilities with different complexity/cost for different usage scenarios and traffic types. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 3: Different UE capabilities can be defined with the consideration of implementation complexity and cost.

Conclusions
In this contribution, we analyze mechanisms to enable QoS, reliability, and/or low complexity/cost & low energy sidelink based on different coverage scenarios. The following observation and proposals are provided:
Observation 1: The enhancements to enable D2D aided wearable and MTC applications need to be studied respectively corresponding to different coverage scenarios.
Proposal 1: Relay UE needs to support both unidirectional and bidirectional sidelink communication, and remote UE can only support unidirectional or bidirectional sidelink communication.
Proposal 2: Relay UE or relay UE assisting eNB to enable QoS and reliability related mechanisms, and design of ACK/NACK procedure should consider UE capability and traffic type.
Proposal 3: Different UE capabilities can be defined with the consideration of implementation complexity and cost.
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