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1. Introduction
In the meeting #77, D2D power control was discussed for in-coverage scenario. It was concluded that D2D power control is necessary at least to avoid interference to WAN traffic.  
Agreements:

· 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 
· Open loop power control mechanism is specified for in-coverage UEs for Mode 2 communication and Type 1 and Type 2 discovery 

· Values of P0 and alpha are signalled by higher layers (let RAN2 decide details) 

· Different values of P0 and alpha can be used for Type 1 discovery, Type 2 discovery, and communication 

· One of the values of alpha available is 0. 

· Values of P0 and alpha that lead to transmission at Pcmax by all UEs are supported 

In the meeting #78, further agreement of D2D power control includes 1-bit TPC commend :TPC bit switches between maximum available power and open-loop power control and In D2D WI in Rel-12; no change in 36.213 to PC for cellular UL transmissions compared to Rel-11. Also in email thread [78-01], it is confirmed that adjusting parameters associated to power control is one of several possible ways to affect authorized discovery range.
This contribution is an update of [1]. It further discusses the necessity and possibility to satisfy D2D communication/discovery range. The remaining issues from the last meeting are also explored. 
2. Discussion
2.1. Considerations on D2D communication/discovery range

When there are WAN and D2D UEs in the coverage of network, interference from D2D UEs to WAN depends on network’s scheduling of resources including transmission power. There are three cases considering interference levels at a certain transmission power:
Case 1: WAN/D2D UEs’ transmissions can be scheduled at the same time/frequency resources

Case 2: WAN/D2D UEs’ transmissions can be scheduled at the same time, but neighboring frequency resources

Case 3: WAN/D2D UEs’ transmissions are scheduled at the different time resources

Case 3 is possible for type 1 discovery, but not so practical for other D2D modes /type considering resource usage efficiency. 
Case 1 is an extreme case. The range of 
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(i.e. cell-specific P0) in WAN is [-126, 24] dBm.  At alpha equal to 1, objective received SINR of -5dB, and IN of -121dBm, the affordable interference from D2D UE would be around [-136, -91] dBm. That implies for most of cases, D2D UEs need to be switched off. 
Case 2 is more practical because highest interference from D2D Tx UE comes from in-band emission to neighboring frequency resources and it can be reduced by proper scheduling by eNB. Assuming -30dB as an average in-band emission, the affordable interference from D2D UEs increases to around [-107,-61]dBm, which is within the current range of 
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.
However, P0 configured to D2D Tx UE for control of interference to WAN causes imbalance of D2D communication/discovery ranges among D2D Tx UEs. The range depends on the distance between eNB and D2D Tx UEs. An example is show as Figure 1.
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Figure 1. Example of D2D communication/discovery range

With the cell-specific P0, the D2D Tx UE closer to eNB has smaller communication/discovery range than that of UEs closer to the edge of network coverage because eNB-UE path loss is used not UE-UE path loss for Tx power calculation at D2D Tx UE. It does not really make sense for application of public safety which requests a certain range of D2D communication to ensure an emergency alert received by UEs in enough coverage. 
Since for in-coverage scenarios, resources for WAN and D2D can be scheduled by eNB and at least pathloss between D2D Tx UE and eNB can be estimated, range of D2D communication/discovery can be compensated by eNB. For an instance, when D2D Tx UE closer to eNB needs higher transmit power to communicate more UEs at longer distance, eNB can schedule resources leading to less interference to WAN and configure UE-specific P0 to D2D Tx UE to increase transmit power. The value range of UE-specific P0 can be deduced by the expected received power at D2D Rx UE, affordable interference at eNB and pathloss between eNB and D2D Tx UE. Different from the current UE-specific 
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, an extension of 10dB, 20dB for the range may be needed. 
Proposal 1: UE-specific P0 should be configured by eNB to compensate D2D Tx UE coverage at least for public safety with default values of 0dB
Another improvement to P0 is to consider interference level of difference frequency resources in a configured D2D Tx resource pool. Given the same transmit power, the region neighboring WAN resources would result in high interference due to in-band emission, while the D2D resources located far from the WAN resources may not. An example is shown in Fig.2.
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Figure 2. Example of interference region in a D2D Tx resource pool

Considering above, in the frequency regions F1, F2 and F3, P0 can be configured respectively to improve D2D Transmit quality and range in F2 while keeping interference low in F1 and F3. eNB can schedule a D2D Tx UE per frequency region or across regions. For the later one, the transmit power of a D2D Tx UE is the sum of whole scheduled bandwidth, which is not beyond the acceptable maximum transmit power.

Proposal 2: P0 can be configured for each physical resource region according to its interference level to WAN
2.2. Remaining issues 
· Any change based on the current PUSCH UL PC?
The agreement in the last meeting “In D2D WI in Rel-12, no change in 36.213 to PC for cellular UL transmissions compared to Rel-11” mainly considered no introduction of PC like dual connectivity. However, reviewing Rel-11 PC, for D2D transmit power calculation mainly targets interference avoidance to WAN traffic, parameter compensating MCS may actually not be needed. Also from the agreement of TPC command, fD2D function shall not be included in the formula.
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Where 
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 is the D2D maximum Tx power which is the UE maximum Tx power minus Tx power taken by UE’s WAN traffic at subframe i; 
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[dBm] is the sum of cell-specific and UE-specific P0.
Proposal 3: D2D transmit power calculation is based on formula (1)
· Whether power control parameters are the same between SA and data?
For in coverage cases including communication mode 1 and 2, the indication of power control for D2D is mainly to reduce interference to WAN. Coverage of SA and data are both limited because of interference control while both of them are designed based on PUSCH. So the necessity of different parameters is reduced compared with the case for PUCCH and PUSCH in WAN. Coverage balance between SA and data can be reached by their physical layer designs.
Proposal 4: Power control parameters are the same between SA and data.
· Whether is boosting range different from cellular?
As discussed in section 2.1, the value range of cell-specific P0 can be within the range of 
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 given eNB can schedule resources properly. To satisfy D2D communication/discovery range requirements, UE-specific P0 can be extended by 10 and 20dB, e.g.  
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 of [-8,-7….,7, 10, 20]dB by 5 bits.
Proposal 5: Range of parameter
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  should be extended by e.g. 10,20dB.

· Any different PC between mode 1 communication and other D2D modes/types

When UE is in coverage, P0 and alpha signalled by higher layers can be configured by the same way as that of mode 1 communication. For a common value range, extended UE-specific P0 becomes more important. For in mode 2 communication and type 1 discovery, eNB may not know the number of D2D Tx UEs and contention results of resource occupying, control for interference would be more strict. So P0 and alpha should be configured respectively. 
For the case of out of coverage, preconfigured transmit power can be applied according to the required power/communication range classes. 

Proposal 6: For in-coverage case, D2D mode 2 communication and type 1/2 discovery can reuse the open-loop PC procedure for mode 1 communication, with respectively configured parameters; for out of coverage case, preconfigured transmit power can be applied.
· Any TPC commands in a DCI without D2D grant 
In the meeting #78, TPC command in a DCI with D2D grant was agreed to be used to switch between maximum available power and open-loop power control. It can also be applied to TPC command in a DCI without D2D grant so that eNB can control Tx UE to use maximum available power during SPS scheduling or between two eNB schedulings. In this case, N2D and D2D TPC commands should be distinguished. Simple solutions include introduction of TPC-D2D-RNTI or indication of tpc-index from high layer [2].

Proposal 7: D2D TPC command in a DCI without D2D grant is supported, which can indicate the switch between maximum available power and open-loop power control. N2D and D2D TPC commands should be distinguished by introduction of TPC-D2D-RNTI or indication of tpc-index from high layer.

3. Conclusion 

Based on PUSCH UL power control, this contribution discusses the necessity and how D2D communication/discovery range can be compensated for at least public safety. Solutions for remaining issues from last meeting are also given. Proposals include:
Proposal 1: UE-specific P0 should be configured by eNB to compensate D2D Tx UE coverage at least for public safety and its default value is 0dB
Proposal 2: P0 can be configured for each physical resource region according to its interference level to WAN
Proposal 3: D2D transmit power calculation is based on formula (1)
Proposal 4: Power control parameters are the same between SA and data
Proposal 5: Range of parameter
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 should be extended by e.g. 10,20dB

Proposal 6: For in-coverage case, D2D mode 2 communication and type 1/2 discovery can reuse the open-loop PC procedure for mode 1 communication, with respectively configured parameters; for out of coverage case, preconfigured transmit power can be applied

Proposal 7: D2D TPC command in a DCI without D2D grant is supported, which can indicate the switch between maximum available power and open-loop power control. N2D and D2D TPC commands should be distinguished by introduction of TPC-D2D-RNTI or indication of tpc-index from high layer.
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