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1 Introduction

At the RAN1#88bis, the sidelink resource allocation enhancements for wearable and IoT use cases were discussed within framework of study item on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1]. The following agreements were made by RAN1 WG:
	Agreement
· Sidelink power control taking into account propagation characteristics between Relay UE and Remote UE is further studied

· Propagation characteristics can include sidelink pathloss, received signal quality, interference level etc.

· FFS details of sidelink power control operation

· Companies are encouraged to quantify gains of sidelink power control enhancements and provide more evaluation for the next meeting relative to R12 power control operation


In this contribution, we continue discussion on benefits of sidelink power control, while our considerations on other sidelink enhancements for synchronization, discovery and communication targeting wearable and IoT use cases are provided in our companion contributions [5]-[9]. The analysis of performance benefits from the considered sidelink enhancements is presented in [2]-[4].

2 Sidelink Power Control
2.1 Motivation

The sidelink power control is one of the missing sidelink design components that was not introduced in R12/R13 design mainly due to broadcast nature of sidelink communication. For wearable use cases and for layer-2 relaying being enabled by RAN2 WG, the unicast type of sidelink communication is a typical scenario. Therefore, the benefits of sidelink power control need to be evaluated to reduce power consumption at sidelink transmitter and reduce the level of interference due to excessive transmission power used for short range sidelink communication.
Observation 1
· Sidelink power control can be used to reduce UE power consumption and reduce the level of interference towards eNB.

2.2 Overview of Legacy Sidelink Power Control
The sidelink power control introduced in LTE R12 mainly designed to reduce the coexistence issues of uplink and sidelink communication on the shared UL/SL carrier. The main mechanism of sidelink power control is similar to UL open loop power control, which uses two configurable parameters (αPC5, P0-PC5) to determine sidelink transmission power based on pathloss value between UE and eNB (PSL-TX = P0-PC5 + αPC5 PL). This behavior can lead to the different sidelink transmission power depending on the pathloss value. In average, the larger distance between eNB and UE, the higher sidelink transmission power due to increased pathloss. This leads to the situation when cell center UEs located to eNB will use lower power comparing to cell-edge UEs (see in Figure 1). At the same time eNB can ensure that interference from sidelink transmissions is power controlled if αPC5 is set to non-zero value and P0-PC5 is set to certain value which is below P0-Uu used for sidelink communication. It is also possible to set the sidelink power to the constant value P0-PC5 if the value αPC5 is configured to 0.
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Figure 1: Illustration of power control for cell center and cell-edge eRemote UEs.
Observation 2
· Legacy sidelink power control
a. does not take into account propagation characteristics between sidelink transmitter and target receiver;
b. results in excessive sidelink transmit power at cell-edge UEs and low transmit power for UEs located near eNB;
c. results in different transmit power of eRelay and eRemote UEs, aiming to reduce impact on UL reception but suffering from UL inter-cell interference.
2.3 Sidelink Power Control Enhancements

In order to enhance sidelink power control the propagation characteristics between sidelink transmitter and receiver should be taken into account.
Design principles:

The following aspects should be considered for enhanced sidelink power control:
· Impact on UL reception at eNB side;

· Channel propagation characteristics between sidelink transmitter and receiver (e.g. eRemote and eRelay UEs);

· Impact of UL intra/inter-cell interference on SL reception;

· Impact of intra/inter-cell SL interference on SL reception;

· Possibility to control/adjust eRelay and eRemote UE transmit power from eNB;
· Possibility to control eRelay and eRemote UE transmit power by eRemote and eRelay UE respectively, within an allowed sidelink transmit power range, controlled by eNB.
In order to control the impact of SL transmission on UL reception, an open loop transmit power control that takes into account pathloss towards eNB can be used to control the max SL transmit power at UE. For that purpose, the existing mechanism of SL transmit power control is sufficient and can be reused. In order to take into account the UE-UE pathloss, the SL-RSRP measurements should be used when sidelink TX power is set by UE. This is needed for several reasons:

· FDM reception by eRelay from multiple eRemote UEs at the same subframe. The compensation of UE-UE pathloss is needed to avoid near far problem for eRemote UE reception;
· Keep the required sidelink communication quality;
· Reduce UE power consumption.

It should be noted that considerations to take into account sidelink pathloss do not contradict the basic principle to avoid impact on UL reception, since the sidelink transmit power can be set to take into account both conditions (i.e. eNB-UE and UE-UE pathloss) if configured by eNB.

Proposal 1
· UE-UE pathloss is taken into account in sidelink transmit power settings.

· eNB should be able to control the maximum transmission power settings when UE-UE pathloss is used for SL power control.

In interference limited scenarios, the power control based on sidelink pathloss only may not be sufficient. In sidelink environments, the interference level at eRelay UE and eRemote UE receivers may be different. The difference in average interference level may be dependent on distance between eRelay and eRemote UEs and their mutual (radio)-distance with respect to eNB. Quite significant difference in terms of radio-distance to eNB can be observed even if eRelay and eRemote UEs are in close proximity to each other. This may lead to different transmit power ranges for eRelay and eRemote UEs, if open loop power control towards eNB is applied (see in Figure 2). Another potential effect is channel variation over time that can be tracked by closed loop sidelink power control commands.
In order to cope with these effects, additional sidelink power control loops to compensate interference impact or channel variation should be supported. For instance, eRemote UE and eRelay UE may measure the average interference level and use it to adjust transmit power in order to compensate negative interference effects. These power adjustments can be done within allowed sidelink transmit power range. In case of sidelink, the power adjustment by one transmitter can trigger the power adjustment of nearby transmitter to compensate increased interference level. However it is not the case with respect to inter/intra-cell UL interference power control loops that are only dependent on eNB-UE propagation, and therefore its negative impact can be addressed through proper sidelink power control operation especially in case of short range communication. In order to facilitate sidelink power control operation, eRelay and eRemote UEs can exchange information similar to the power headroom reports on cellular links. The relevant information for sidelink power control can include the level of cellular or sidelink interference measured at the receiver side as well as information about pathloss towards eNB from eRemote and eRelay UE.
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Figure 2: Illustration of separate power control loops for eRemote UE and eRelay UEs.
Proposal 2
· Independent sidelink power control loops are introduced at eRelay and eRemote UEs to maintain sidelink channel quality in each transmission direction.

· FFS signaling details

· eRelay and eRemote UEs exchange information to adjust transmit power of each other.

· FFS measurements and information exchanged over sidelink (e.g. sidelink PHR content)
3 Summary

In this contribution, we provided our views on benefits of sidelink power control for wearable and IoT use cases. The performance analysis of the selected enhancements is provided in [2]-[3]. The sidelink power control can be used to reduce UE power consumption, maintain sidelink link quality and seamlessly coexist in the same carrier with UL cellular transmissions showing. In summary, we have the following proposals to improve sidelink communication framework in terms of sidelink power control:
Proposal 1
· UE-UE pathloss is taken into account in sidelink transmit power settings.

· eNB should be able to control the maximum transmission power settings when UE-UE pathloss is used for SL power control.
Proposal 2

· Independent sidelink power control loops are introduced at eRelay and eRemote UEs to maintain sidelink channel quality in each transmission direction.

· FFS signaling details

· eRelay and eRemote UEs exchange information to adjust transmit power of each other.

· FFS measurements and information exchanged over sidelink (e.g. sidelink PHR content)
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