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1
Introduction
D2D transmissions cause interference to FDMed cellular traffic due to mismatch both on CP lengths and transmission timings as well as due to in-band emissions. Protection mechanisms for cellular traffic were considered in previous RAN1 meetings, and it was agreed to introduce transmission power control on D2D transmissions. In RAN1#78 [1] agreements have been reached on further details of power control for D2D transmissions, in particular regarding the TPC field for Mode 1 grant:

· TPC bit switches between maximum available power and open-loop power control
Power control for D2DSS and PD2DSCH has been agreed in RAN1#78bis, with the following open issue:

· FFS whether DCI format 5 power control parameter also applies to D2DSS and PD2DSCH

In light of the existing agreements and conclusions, in this contribution we present our views on some of the remaining D2D transmission power control details.
2
Discussion
The key function for D2D TPC is to protect cellular traffic when eNB would otherwise face significant interference from frequency domain multiplexed D2D transmissions on PUCCH or cellular PUSCH. Contrary to cellular TPC, D2D TPC does not control transmission power from actual D2D reception point of view. Quite in opposite, any D2D TPC can reduce coverage of D2D transmissions and, hence, may lead to deteriorated D2D performance. Further, Rel-12 D2D design itself does not facilitate D2D reception optimization with eNB controlled TPC, as information on the received signal levels at D2D UEs is not available at eNB. The D2D TPC focus on the protection of cellular traffic has significant impact on the remaining open details discussed in following.

It was agreed in RAN1#77 that an open loop TPC mechanism is specified for in-coverage UEs for communication Mode 2 and Type 1 and Type 2 discovery. Further, it has been agreed in RAN1#78 that TPC field in Mode 1 grant only supports switching between open-loop power control and maximum available power. Since no consensus has been reached on supporting closed-loop power control based on DCI format 3/3A, we see that D2D open loop TPC formula can be a simplified form of the LTE PUSCH power control formula:   
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the bandwidth of the D2D signal, PL is the pathloss from eNB to UE. For Mode 1, the formula above applies when the TPC bit in Mode 1 grant is set to open-loop power control, otherwise 
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When compared to the LTE PUSCH TPC formula, terms depending either on TPC command or on MCS value are removed. RAN1#78 did not agree to any MCS field to be provided in Mode 1 grant, and even if MCS is configured using RRC signaling, it is hard to see any reason to introduce a MCS dependent 
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term for any D2D TPC, as the target is to control interference level at eNB.
Proposal #1: TPC formula for all D2D transmission modes and types are based on PUSCH TPC formula by removing 
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In the RRC parameter list provided by RAN1 [3], it is agreed that P0 is in the range {-126,…,31} dBm, which corresponds to an extended set of the PUSCH P0 values, extended to include the Pcmax value for public safety UEs. It can be noted that the resolution of PUSCH P0 value set is quite fine for D2D TPC which can be expected to have relatively coarse operation. Although some bits could be saved on RRC signaling by defining a more coarse resolution for D2D TPC P0 value set, we are concerned on the standardization effort it may take. We prefer the simpler solution of using the same resolution as in the existing P0 value sets.     
Proposal #2: D2D P0 is specified with the same granularity as in nominal PUSCH P0 value set.
2.2
Considerations on MPR values for D2D transmission
For cellular UL transmissions, the concept of MPR is introduced in order to cope with interference created by UE transmissions, including interference generated to adjacent channels. Naturally, the same reasoning applies in case of D2D transmissions, implying that MPR values should be defined for D2D transmissions as well, including PS specific power class. It should be noted that in D2D case it might not be sufficient to consider only PUSCH when determining MPR values, but SD2DSS transmissions should be considered as well due to increased PAPR compared to DFT spread data. The amount of interference caused by SD2DSS transmission is also dependent on potential power reduction for SD2DSS. MPR values are defined in RAN4 specifications and MPR has an impact to Pcmax,c value that is used in the RAN1 specification.
Proposal #3: Ask RAN4 to consider defining Pcmax,c,D2D taking into account D2D related MPR issues.

3
Power control for D2DSS and PSBCH

In RAN1#78bis it was agreed to define separate power control for D2DSS and PD2DSCH (PBSCH):

Agreement:

· The CP for D2DSS & PD2DSCH (when supported)  can be configured independently from other CPs

· In coverage, D2DSS & PD2DSCH (when supported) open loop power control parameters, i.e. P0 and alpha, can be independently configured from power control parameters of other channels

· FFS whether DCI format 5 power control parameter also applies to D2DSS and PD2DSCH

In case TPC in DCI format 5 is used to trigger maximum power transmission, it is reasonable to assume that D2DSS and PD2DSCH transmitted by that same UE would follow the same power setting in order to avoid situation where UEs are in coverage of D2D data transmission but cannot receive the data because they cannot receive the synchronization signals. The main issue to be clarified in this case is how long the UE should transmit D2DSS and PD2DSCH with maximum power after being triggered by DCI format 5.

Given the agreements reached in RAN1#78bis on D2DSS transmission resources, the most straightforward approach is to assume that the UE that receives a TPC command in DCI format 5 indicating maximum power transmission will transmit D2DSS and PD2DSCH with maximum power in the subsequent resources for D2DSS and PD2DSCH transmission, until the end of the data transmissions triggered by the DCI format 5. This is exemplified in Figure 1 below.
Proposal #4: UE that receives a TPC command in DCI format 5 indicating maximum power transmission will transmit D2DSS and PD2DSCH with maximum power in the subsequent resources for D2DSS and PD2DSCH transmission, until the end of the data transmissions triggered by the corresponding DCI format 5.
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Figure 1: Power control for D2DSS and PD2DSCH after receiving DCI format 5 indicating maximum power.

4
Conclusion

In this contribution, we discussed some remaining D2D transmit power control details with the following proposals: 
Proposal #1: TPC formula for all D2D transmission modes and types are based on PUSCH TPC formula by removing 
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Proposal #2: D2D P0 is specified with the same granularity as in nominal PUSCH P0 value set.
Proposal #3: Ask RAN4 to consider defining Pcmax,c,D2D taking into account D2D related MPR issues and the need to limit Pcmax,c depending on if the D2D transmission is intended to be short, medium or long range class.

Proposal #4: UE that receives a TPC command in DCI format 5 indicating maximum power transmission will transmit D2DSS and PD2DSCH with maximum power in the subsequent resources for D2DSS and PD2DSCH transmission, until the end of the data transmissions triggered by the corresponding DCI format 5.
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