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1 Introduction
In the RAN1#76b meeting, the following working observation or agreements on the transmitted power were achieved [1] as
Observation: 

Companies are encouraged to consider possible options (including implementation-based mechanisms) for WAN protection in case D2D and WAN resources are FDMed from system perspective.

Some possible options include: 
· Option 1) Power control for D2D signal transmission

· Note 1: Transmit power is controlled by eNB in Communication Mode 1 and discovery Type 2.

· Note 2:  Fixed power (non-UE specific) or open loop power control can be considered in Communication Mode 2 (if supported by in-coverage UEs) and discovery Type 1.

· Note 3:  Solutions to cope with D2D coverage difference when UE-specific transmit power control is applied is different should be considered.

· Option 2) RSRP measurement based resource selection restriction

· Option 3) Guard band between WAN and D2D resources 

· Option 4) power boosting of WAN transmission 

· Others including combination between options are not precluded.

Agreements:
· For Mode 1 transmission,

· eNodeB or Rel-10 relay allocates resources to a D2D transmitter for SA and Data using PDCCH or EPDCCH

· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH

In this contribution, the power control schemes for D2D signals are discussed. 
2 D2D power control schemes
2.1 Maximum Tx power and pathloss based Tx power
To maximize the D2D discovery/communication range, the maximum transmission power should be used for the D2D discovery/communication signals. However, D2D transmissions impact PUCCH and PUSCH reception at the eNodeB [3]. To protect the cellular system, the transmission power of D2D discovery/communication signals should be controlled based on the pathloss between the eNodeB and the UE, similar to the power control for PUCCH and PUSCH. On the other hand, the transmission of PUCCH and PUSCH also impacts the reception of D2D signals. It is network implementation to protect the cellular system or to guarantee the D2D range. Both the maximum Tx power and the pathloss based Tx power should be supported by D2D devices. 
Although it can be possible to increase the Tx power using a TPC-command in the dynamic DCI, reaching the maximum Tx power using the maximum accumulation step of 3dB will need several or even tens of steps, which results in long adjusting time. This long adjusting time is not suitable for some D2D signals, for example the SA signals, where there is only one D2D transmission and where the transmitting device does not have the chance to adjust the transmission power. Changing the power control accumulation step to a large number or adding a bias to the path loss can help decreasing the adjusting steps. But in some conditions, for examples type-1 discovery and mode-2 communication, if the D2D are not in RRC_Connected state, there is no dynamic signaling for adjusting Tx power.
eNodeB can indicates the D2D UE to use the maximum Tx power or the pathloss based Tx power for D2D signals. With this indication, the D2D UE can directly transmit the D2D signals using maximum Tx power without any adjustment.
Proposal 1: Power control is used for D2D discovery/communication signals
Proposal 2: eNodeB indicates the D2D UE to transmit the D2D signals using the pathloss based power control or the maximum transmission power.
2.2 PRB specific power control
The ICI/ISI caused by the FDM of normal CP OFDM symbols and extended CP OFDM symbols brings power leakage from the scheduled PRBs to the neighboring PRBs. The interference power level depends on the distance of the scheduled PRBs and the interfered PRBs [2]. To ensure the same interference power level to the PUCCH, the D2D signals transmitted using the PRBs far away from the PRBs used by the PUCCH can have higher Tx power than the D2D signals transmitted using the PRBs near to the PUCCH PRBs.
Besides the ICI/ISI, we have the same observation on UE’s in-band emission. In Fig. 1, two different in-band emissions using two different Tx powers are shown. To keep the interference level at the same/similar level, the D2D signals using PRB#3 and PRB#4 will have to use more than 10dB less power than the D2D signals using PRB#11 and PRB#12. If we use the same open loop power control for all the PRBs reserved for D2D signals, the Tx power will be highly suppressed. We can also use some PRBs as the gap between PUCCH PRBs and D2D PRBs. In Fig. 1, if we reserve 12 PRBs as the gap, it represents  12/32=27% D2D resource loss.
To protect the PUCCH is needed to protect the cellular traffic. Mode-1 communication signal and type-2 discovery signal, which are be scheduled by the eNodeB, can be dynamically power controlled by the eNodeB. Mode-2 communication and type-1 discovery may not in RRC_connected state which cannot adjust its transmission power adaptively. 
One solution to address this problem is to use different power control for different PRBs. For open loop power control, the P0 can be set to smaller values for the PRBs which are near to the PUCCH resources than the PRBs which are far away from the PUCCH resources. Using this way, all PRBs except the PUCCH resources can be used for D2D signals while the D2D range can be enlarged.
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Fig. 1 
Proposal 3: Pathloss based power control can be PRB specified. Different P0 can be configured to different PRBs.
2.3 Definition of transmission power modes for out of coverage
For out of coverage scenario, it has been agreed to have no closed-loop feedback. So for the transmission power setting, it is more reasonable to predefine some transmission power mode for all UE. 
For the LTE specification, the UE Tx power class may be defined in TS36.101, where the max Tx power classes may relate to the UE capability and regulatory for different bands. However, it may be desirable to define some sub-classes under the Tx power classes. For example, if the Tx power class is 31dBm, the PS UE can use 31dBm max Tx power but the non-PS UE could be restricted to not so high a max Tx power class, such as only 20dBm as max Tx power. That could provide a margin to protect the PS traffic in the out-of-coverage scenario.

From the discussion, we propose:
Proposal 4: for out of coverage, different transmission power mode should be predefined, the mode related PS traffic has the largest transmission power value/class.
3 Conclusions
This paper discussed the D2DSS design. We propose that:
Proposal 1: Power control is used for D2D discovery/communication signals. 

Proposal 2: eNodeB indicates the D2D UE to transmit the D2D signals using the pathloss based power control or the maximum transmission power.
Proposal 3: Pathloss based power control can be PRB specified. Different P0 can be configured to different PRBs.
Proposal 4: for out of coverage, different transmission power mode should be predefined, the mode related PS traffic has the largest transmission power value/class.
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