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1	Introduction
In RAN#71, the SI named “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” was agreed to study the enhancement for the UE-to-NW relaying functionalities and LTE sidelink to enable low complexity/cost/energy IoT and wearables with QoS. The following objectives are identified [1]:
Study necessary LTE sidelink enhancements.
a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focusing on analysis of wearable use cases [RAN1, RAN2].
b. Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].

This paper discusses the sidelink power control issues for LTE sidelink transmissions and UE-to-NW relaying to enable reliable and low-energy for IoT and wearables.
 
2	Sidelink power control
Existing power control for PC5
In the existing definition of LTE sidelink (Rel-12/13/14), for the sidelink UEs in network coverage, the sidelink transmit power shall comply with the power control rules with the configured relevant parameters. The power control is generally based on the compensation of eNB-UE pathloss in order to minimize the potential impact on eNB receiving. It is noted that the existing sidelink power control doesn’t take the sidelink pathloss into account. It is reasonable since in legacy releases the sidelink transmissions is broadcast in physical layer. 
In the sidelink of the new release, as the unicast sidelink transmission is to be supported and the QoS/reliability with low power consumption is targeted, the sidelink power control shall be enhanced to take the sidelink pathloss into account, which is discussed in the following. 

Power control enhancement for SL UL
For the sidelink uplink transmission from remote UE to relay UE, the sidelink pathloss shall be taken into account in the power control due to at least the following considerations:
· Sufficient power shall be guaranteed for QoS/reliability requirement
· Excessive transmit power shall be avoided for low-power consumption for remote UE
· Multiple remote UEs may transmit to the same relay UE in the same subframe, the received power at the relay UE from different remote UEs shall be kept comparable to avoid near-far problem from in-band emission
Thus, the power control in SL UL shall take the sidelink pathloss into account. In order to enable the sidelink pathloss measurements by the remote UEs, the relay UE may have to transmit sidelink signals (e.g., PSDCH) periodically. Actually in the existing LTE sidelink, it is specified that after the sidelink connection establishment, the discovery signal shall be transmitted by relay UE every 4 discovery periods. 
A potential issue is whether the pathloss between eNB and remote UE is also considered in the power control of remote UE. If it isn’t considered, it is unclear whether the remote UE sidelink transmissions may lead to some interference issues to eNB receiving. On the other hand, if it is taken into account in the power control, it means that the remote UEs shall have information on eNB-remote UE pathloss, measured by remote UE itself or aided by relay UE. In the latter case, the relay UE could broadcast its measured eNB-relay UE pathloss to associated remote UEs e.g. in discovery message. This may make sense when the distance between remote UE and relay UE is much less than that between eNB and remote UE and can avoid efforts of remote UEs for pathloss measurements. 

Proposal 1: For power control for remote UE to relay UE transmission, the sidelink pathloss shall be taken into account. FFS whether the eNB-remote UE pathloss is considered. 

Power control for SL DL 
For the sidelink downlink transmission from relay UE to remote UE, the transmit power of the relay UE shall be considered carefully. On one hand, the existing sidelink power control shall be respected to limit the potential interference to eNB. On the other hand, the sidelink pathloss conditions from the relay UE to its associated (one or more) remote UEs shall also be taken into account, especially the remote UE with the worst sidelink conditions. Thus, the transmit power of relay UE shall be determined by jointly considering the eNB-relay UE pathloss and the resource allocation in sidelink downlink to the one or more remote UEs. 
For example, assume the scenario that the relay UE is near eNB and it serves multiple remote UEs, as per existing power control the transmit power of the relay UE is relatively low (due to small pathloss to eNB), in this case, the relay UE may have to avoid scheduling the weakest remote UE in FDM with other remote UEs (otherwise the link budget for the weak remote UE may not be satisfied). On the other hand, in a scenario that the relay UE is on cell edge, it could schedule the remote UEs in FDM to save power consumption of the relay UE. 

Proposal 2: The power control for relay UE to remote UE transmission could be based on the existing sidelink power control. The relay UE could determine transmit power jointly considered sidelink power control and resource allocation to remote UEs. 

3	Conclusion
In this paper, the sidelink power control in LTE sidelink and UE-to-NW relaying with IoT and wearables is discussed. The following proposals are obtained. 

Proposal 1: For power control for remote UE to relay UE transmission, the sidelink pathloss shall be taken into account. FFS whether the eNB-remote UE pathloss is considered. 
Proposal 2: The power control for relay UE to remote UE transmission could be based on the existing sidelink power control. The relay UE could determine transmit power jointly considered sidelink power control and resource allocation to remote UEs. 
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