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1 Introduction
At the RAN1#77 meeting, significant progress was achieved on power control for D2D. The following working observation or agreements on the transmit power were reached [1]:
· For communication Mode 1, the current PUSCH UL PC is baseline

· Values of P0 and alpha for Mode 1 D2D communication are configured by eNB. 

· P0 and alpha for D2D can be different from P0 and alpha for WAN

· eNB-UE path loss is used not UE-UE path loss.

· X bits TPC command is conveyed in D2D grant. 

· FFS: X bits (X > 0)

· FFS whether power control parameters are the same between SA and data

· FFS whether accumulate PC or absolute PC

· FFS boosting range is different from cellular

· Maximum power transmission is not precluded

Now that the main design principles have been agreed on, it is necessary to define the exact signaling to perform power control. In this contribution, we discuss how to configure power control for D2D. Since transmitting at high power is needed, to ensure maximum range, especially for PS, mechanisms to ensure maximum power transmission for D2D communication are discussed. 
2 Power control configurations
Power control uses parameters received from higher layers. In this section, we discuss how to configure these parameters and whether new parameters are needed.

2.1 Scheme 1: high TX power configuration
P0 is configured based on the parameters received in the UplinkPowerControl elements. P0 is defined by two parameters:

· A “nominal” contribution p0-Nominal. For instance, for PUSCH, p0-NominalPUSCH can take values between -126 and 24

· A UE dedicated contribution, p0-UE. For instance, for PUSCH, p0-UE-PUSCH-R10 can take values between -8 and 7. Note that this dedicated contribution is available only for UEs in RRC connected mode.
For D2D communication, it seems natural to use similar P0 parameters as for PUSCH since the transmission characteristics are quite similar.

For mode 1 communication, the eNodeB can configure p0-Nominal as 24 and configure p0-UE as 7 for D2D communication. With this configuration, the value of P0 used by D2D UE for Tx power calculation is 31dBm. In this case, the transmission power for D2D communication is determined by min [Pcmax, 31dBm], which will guarantee that D2D UE use the maximum power for D2D communication.
For mode 2 communication, eNodeB can configure p0-Nominal as 24. The value of p0-UE is not available if the D2D UE is not in RRC_connected state. The power will then be capped at 24dBm, which is smaller than the PS UE’s maximum Tx power of 31dBm [2]. Some new signaling is then needed to have PS UEs transmitting at maximum power when needed.
In addition, if the eNodeB configures p0-Nominal as 24, the minimum Tx power for D2D communication will be 16dBm because of the minimum possible value for p0-UE (-8), and because there is no closed-loop feedback. 16dBm is too high to protect the cellular traffic if the D2D UE is at the center of the cell. 

Observation 1: the current higher-layer parameters for PUSCH power control are not satisfactory for D2D communication
In typical commercial network scenario, p0-Nominal is far less than 24. Even configured with the maximum value of p0-UE (7), the value of P0 used by D2D UE for Tx power calculation is still far less than 23 dBm or 31dBm. To guarantee to use the maximum Tx power, the eNodeB can configure the D2D UE with cellular protecting p0-Nominal and p0-UE, and at the same time the eNodeB can indicate the D2D UE by a Boolean bit in the IE of RRC signaling to directly use the maximum Tx power or to calculate Tx power by the configured p0-Nominal and p0-UE. This way, all the UEs served by the eNodeB can either be configured to use controlled Tx power or be configured to use the maximum Tx power for D2D communications. 
Observation 2: a Boolean bit in RRC signaling can be defined as the indication to use Pcmax for D2D communication. 
2.2 Scheme 2: Low layer dynamic trigger
High layer signaling can be used to configure the D2D UE to use maximum Tx power for D2D communications. The dynamic fallback from maximum Tx power to control Tx power cannot be supported by high layer signaling because once the UE is configured by RRC signaling to use the maximum Tx power, the Tx power will always be the maximum until the network re-configures the UE by RRC signaling to use the controlled power. 
The network may need the D2D UE dynamically fallback from maximum Tx power to control Tx power to protect the cellular traffic as quickly as possible. In addition to the RRC signaling, L1 signaling is needed to dynamically trigger the D2D UE to use maximum Tx power for D2D communication or fallback to control Tx power. Four schemes (2a, 2b, 2c and 2d) are discussed in this section.
D2D communication signals including D2D-SA and D2D-data are scheduled by D2D grant from the eNodeB. One bit in D2D grant can be used to trigger maximum Tx power (Pcmax) for D2D communication signals. If this trigger is set to TRUE, the D2D UE will use the maximum Tx power for D2D communication signals, if this trigger is set to FALSE, the D2D UE will use the controlled Tx power for D2D communication signals. 
Scheme 2a: define one bit in D2D grant for D2D communication to trigger maximum Tx power (Pcmax)

Another method to dynamically trigger the maximum Tx power for D2D communication is to use a new field in DCI 3/3A. For each transmission of the D2D signal, if the trigger in DCI 3/3A is set to TRUE, the D2D UE will use the maximum Tx power for this transmission of the D2D communication signals, if the trigger is set to FALSE, the D2D UE will use the Tx power controlled by the TPC field in DCI 3/3A. This way, different D2D signals may have different Tx power. For example, D2D-SA can use maximum Tx power to guaranteed the receiving reliability, while the D2D-data can use the controlled Tx power to protect the cellular traffic. 
Scheme 2b: configure a new field in DCI 3/3A to trigger maximum Tx power (Pcmax)

Both scheme 2a and scheme 2b need a new bit field in DCI signaling. To save this indication bit, the power adjustment table of the TPC command can be redefined as scheme 2c and scheme 2d. 
Scheme 2c: redefine the TPC command in D2D grant to trigger maximum Tx power(Pcmax)

Scheme 2d: redefine the TPC command in DCI3 to trigger maximum Tx power(Pcmax)

In scheme 2c and scheme 2d, the maximum index of the TPC command field is set to trigger the maximum Tx power for D2D communication. If the TPC index is 3, the D2D UE will use the maximum Tx power for D2D communication signals, if the TPC index is 0/1/2, the D2D UE will adjust the Tx power controlled by the TPC command.
Table 1. TPC command table for D2D communication, Pcmax
	TPC Command Field in

DCI format 0/3
	Accumulated 
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 [dB]
	Absolute 
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 [dB] only DCI format 0/4

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	Pcmax
	Pcmax


2.3 Comparison of power control configurations and schemes
The comparisons among all the schemes are listed in Table 2. 
Table 2. Comparisons among power control configuration methods
	Power control scheme
	Dynamic transition from controlled power to maximum Tx power
	Quick fallback to controlled power from maximum Tx power
	Flexible power control for D2D SA and D2D data
	RRC state
	Communication mode

	1
	No
	No
	No
	RRC_idle, RRC_connected
	Mode1, mode2

	2a
	Yes
	Yes
	No
	RRC_connected
	Mode1

	2b
	Yes
	Yes
	Yes
	RRC_connected
	Mode1, mode2

	2c
	Yes
	Yes
	No
	RRC_connected
	Mode1

	2d
	Yes
	Yes
	Yes
	RRC_connected
	Mode1, mode2


According to the table, both scheme 2b and scheme 2d can support dynamic transition from controlled Tx power to maximum Tx power, quick fallback to controlled power from maximum Tx power and flexible power control for D2D SA and D2D data. Scheme 2c and Scheme 2d will impact the power boosting speed because they use the maximum power step as the Pcmax indication. Scheme 2a cannot support flexible power control for D2D SA and D2D data, but this signaling does not impact the current LTE procedure. 
From Table 2, it is also observed that for the RRC_idle UEs which involve mode 2 D2D communication, only scheme1 can be used. Note also that for RRC_Connected UEs, it is best to use both scheme 1 and one of the schemes 2.
From the discussion, we propose the following:
Proposal 1: Define a new field in DCI 3/3A to trigger maximum Tx power (Pcmax) for D2D communication or define one bit in D2D grant for D2D communication to trigger maximum Tx power (Pcmax).
Proposal 2: Define a Boolean bit in RRC signaling as the indication to use Pcmax for D2D communication.
3 Conclusions
This paper discussed the power control configurations and the trigger of maximum power transmission for D2D communication. We propose that:
Proposal 1: Define a new field in DCI 3/3A to trigger maximum Tx power (Pcmax) for D2D communication or define one bit in D2D grant for D2D communication to trigger maximum Tx power (Pcmax).
Proposal 2: Define a Boolean bit in RRC signaling as the indication to use Pcmax for D2D communication.
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