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1 Introduction

RAN#71 initiated a study item on FeD2D [1] to study the application of D2D to low cost devices such as wearables. There are two main aspects to be further enhanced in LTE technology to enable D2D aided wearable and MTC applications [2]:

· Enhancement of UE-to-Network relaying functionality

· Enhancements to enable reliable unicast PC5 link to at least support low power, low rate and low complexity/cost devices.

The first aspect is mainly related to RAN2 work and has no RAN1 impact. For the second aspect, the following RAN1 related objectives are listed in [2]:

Study necessary LTE sidelink enhancements.

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

· Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4]
In this contribution, from RAN1 perspective, the power efficiency for FeD2D will be discussed.
2 Discussion
2.1 Consideration on power efficiency
For FeD2D, two aspects can be considered for power efficiency: power control and power saving. 
Power control

· In Rel-12 and Rel-13 sidelink transmission Mode1 & 2, the transmit power control is based on the path loss between eNB and UE’s downlink. For Rel-14 V2V and V2X, the power control mechanism is similar with Rel-12/13 with additional consideration of SA and data power sharing. The sidelink transmitting power is mainly considered to reduce the potential interference to the uplink Uu link. While for wearable use case and for relaying, the unicast type of sidelink communication is a more typical scenario. Power control mechanism can be introduced to adjust the transmit power more accurately, and it can be also designed together with a link adaptation mechanism. In addition, considering coexistence with cellular communication, the interference level at sidelink should be controlled too.
· To further reduce the transmit power, enhancement for both Remote UE and Relay UE can be studied. For wearable use case, the relative distance between Remote UE and Relay UE is small (e.g. several meters) and relatively static. For sidelink IoT case, it more looks like similar with D2D. The D2D power control mechanism can be as a baseline for sidelink IoT, but further coverage enhancement also should be considered.. Three options can be considered to enhance the power control mechanism for sidelink, especially for coverage limited wearable use case:

· Option 1: Configurable maximum sidelink transmit power. eNB can configure the sidelink group (e.g. one Relay UE can communicate with a group of remote UEs) maximum transmit power both for remote UE and relay UE. This method is very simple but not the optimum, because it does not consider the path loss between Relay UE and Remote UE.
· Option 2: Sidelink path loss based power control. This option 2 will be better than option 1, but it will increase the remote UE complexity since the remote UE needs to measure the pathloss. Further optimum can be considered such as let the relay UE do the measurement. 
· Option 3: Relay UE determines the sidelink transmission power and indicates the transmission power information to the Remote UE. Relay UE can do some potential measurement to determine the proper transmission power between relay and remote UE pair. So optimum sidelink transmit power can be obtained without increasing the complexity of remote UE. 
Proposal 1: Sidelink power control mechanism can be enhanced to improve both the relay UE and remote UE power efficiency as well as reduce the remote UE’s complexity. 
Power saving

· Power consumption efficiency is an important part of system design enhancement for FeD2D communications. This is true both for remote UE in wearable scenario and for relay UE in IoT scenario, which need communication with massive remote UEs. In IoT scenario, normally the UEs have limited resources, in terms of computational capacity, battery, etc. Power consumption for FeD2D can be considered from the following two aspects:

Power saving for remote UE
For wearable devices acting as remote UE, if they are relayed by smart phone to access the network, the connection with short range between wearable devices and the smart phone could save the power of wearable devices. However, when there are many smart phones that could act as relay UEs in vicinity, from power efficiency point of view, wearable device could select the nearest relay UE or the best capacity UE or the relay UE with best channel quality to realize the low power consumption. Hence the criteria and procedure for relay UE selection should be studied. Furthermore, on-off mode switching like what has been done in Small Cell Enhancement (SCE) for remote UE could also save the power consumption. 
Power saving for relay UE
· Relay UEs are used to forward data for wearable device or massive IoT devices. The number of connections differs greatly in these two cases and the management burden is different. Especially, for massive connections in IoT scenario, the relay UE would have larger burden to setup the huge number of connections. In the case, a smart phone as relay UE would relay data for many remote devices at the same time, which cost large power consumption for relay UE. From power efficiency point of view, if the relay UE is a smart phone, it could determine the number of connected remote devices according to its battery life and UE capacity. Furthermore, relay UE could also select the remote devices to relay data according to the different priority levels of remote devices.
Potential solutions for power saving

· In order to save power for UEs, DRX and DTX mechanism can be studied for sidelink communication between relay UE and remote UE. Power consumption can be reduced by adjusting the sleep duration and waken up duration. At least, UE should be in sleep/off state as long as possible to save power. Another option is that UE can be only waken up when an awakening signal, e.g., synchronization signal or discovery signal is detected, similar what has been done in SCE. More details for on-off switching mechanism can be studied further.
Proposal 2: Power saving mechanism should be introduced both for remote and relay UE, and the candidate solutions can be further studied.
3 Conclusion

In this contribution, power efficiency for FeD2D is discussed. Based on the discussion and analysis, we have the following proposals:
Proposal 1: Sidelink power control mechanism can be enhanced to improve both the relay UE and remote UE power efficiency as well as reduce the remote UE’s complexity. 

Proposal 2: Power saving mechanism should be introduced both for remote and relay UE, and the candidate solutions can be further studied.
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