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1 Introduction
In this contribution, we discuss ProSe resource grant procedure and the grant contents.
1.1 Earlier agreements
Earlier agreements on power control from RAN1#77 [1]:

Agreements (common): 
· 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 signaled 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
Agreements (D2D communication): 
· 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
2 On Some Challenges with D2D Transmit Power Control
In RAN1#77, power control for D2D has been agreed to enable means for reducing unwanted emissions and intra-carrier interference in general. However, there are still some aspects that need to be addressed since they may cause challenges which are summarized in Table 1 below, where for the sake of compactness we use the following notation: P_D2D for D2D tx power, P_UL for cellular tx power, Pd_D2D for D2D tx power spectral density, and Pd_UL for cellular UL tx power spectral density.
Table 1: On some remaining issues with D2D tx power PC
	Observation
	Possible Reasons
	Impact
	Possible Solutions

	Large difference between P_D2D and P_UL or Pd_D2D and Pd_UL for transmissions from the same UE on the same carrier
	· Large difference in P0 values for cellular UL and D2D.
· Different frequency of TPCs for D2D and UL (grants periodicity may be different).
· D2D TPC does not follow cellular TPC.
· Different PC steps for P_D2D and P_UL (D2D link quality depends also on speed of the other UE, etc.).
· Different QoS requirements for D2D and cellular UL.
	· System: 
P_D2D>>P_UL may result in much higher intereference in the UL spectrum than for which the network is dimensioned.
· UE and system: 
P_D2D>>P_UL or P_D2D<<P_UL in adjacent subframes may degrade power control accuracy for D2D and/or cellular UL.
	The maximum difference between P_D2D and P_UL or Pd_D2D and Pd_UL on the same carrier is restricted or controlled by the network.


	Large difference between P_D2D and P_UL or Pd_D2D and Pd_UL for transmissions from the same UE on different carriers
	· Independent D2D and cellular UL PC on different carriers.
· Independent TPCs on different carriers.
· Different QoS requirements for D2D and cellular UL.
	· System:
Higher unwanted emissions than the netwok may be dimentioned for.
	The maximum difference between P_D2D and P_UL or Pd_D2D and Pd_UL on different carriers is restricted or controlled by the network.

	Mismatch in the reference UE total tx power in the PC calculation for cellular and D2D transmissions
	· Cellular UL UE are configured with different maximum power reductions (MPRs) in different co-existence scenarios, which is currently not done for D2D UEs
	· If not done for D2D UEs, the D2D UEs may cause interference issues.
	Maximum power reductions (MPR) should be possible to configure also for UE D2D transmissions.

	TPC commands for D2D may be infrequent
	· Determined by the periodicity of grants and the periodicity of the power-controlled D2D transmissions
	· A mismatch between the cellular UL transmit power and D2D power may grow rapidly, depending on how frequent the cellular TPC is.
	

	The network may be not fully aware of the actual D2D transmit power as well as of the total power used by the UE
	· There is no power head room reporting (PHR) accounting for D2D transmissions
	· Power control for D2D may be challenging


	


· Observation 1: The maximum difference between P_D2D and P_UL or Pd_D2D and Pd_UL may need to be restricted or controlled by the network. Or at least its impact may need further investigation.
3 On PC and TPC for SA and D2D Data
In RAN1#77, TPC was agreed to be included in D2D resource grants, but it was not discussed whether it should be different for SA and D2D data. If SA cycles and D2D data scheduling cycles are the same and aligned, the same TPC for SA and D2D data may be sufficient.
· Proposal 1: The same TPC for SA and D2D data are configured in a D2D resource grant, at least when the SA and D2D scheduling cycles are the same and aligned.
· Proposal 2: Cellular UL DCI0 TPC format (2 bits) may be reused for D2D grant for the agreed TPC, but the tx power adjustment steps do not need to be exactly the same as for cellular UL PC.
· Proposal 3: The same power control type (e.g., absolute) is used for SA and D2D data.

· Proposal 4: The TPC for D2D should also have a possibility to configure ‘no-tx-power-adjustment’.
· Proposal 5: Higher-layer signalling should allow for turning on/off using of the TPCs signalled in D2D resource grants.

4 Impact of D2D Power Boosting on Cellular UE Satisfaction
The impact of D2D power boosting for SA transmission on cellular UE satisfaction is further studied here by simulations. Two scenarios are simulated, Scenario 1 (500 m, mix in/outdoor, 2GHz) and Scenario 3 (1732 m, uniform outdoor, 700MHz). The inband emission model is as in 3GPP 36.101, W/X/Y/Z = [0 0 0 0]. D2D tx power model: open-loop power control, Ptx = PL+Prx, Prx = noise power + 20/30/40dB. 2 SA RBs are scheduled per D2D transmitter for SAs transmitted in 2 out of 4 SA subframes by each D2D transmitter. For cellular UE, closed loop PC is simulated with target SNR=5dB. Further, it was assumed: 3 RBs for PUCCH (1 RB per UE in RR), 4 RB as a guard band, and the rest of the 10 MHz bandwidth is for D2D. Frequency hopping is assumed for SAs, as shown in Figure 1 below.
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Figure 1: SA allocation for 3 D2D UEs (green, red, blue) in SA subframes.

Figure 2 illustrates cellular UE satisfaction in the network as a function of the difference of UEs’ D2D tx power and cellular tx power (per RB), where the power difference is the 50th %-ile in the CDF of the UEs’ D2D tx power offset to their cellular tx power. A cellular UE is configured satisfied if it gets BLER <0.01 for cellular PUCCH. As can be seen in the figure, the number of satisfied cellular UEs drops rapidly with increasing the D2D power offset in the network.
The results are still ideal since they do not account for such impacts as, e.g., timing misalignment of SA transmissions, which have DL timing as a reference, with cellular UL transmissions.
· Observation 2: D2D tx power boosting over cellular tx power, if used at all,  should be used very carefully, to not degrade the cellular UE performance. 
· Proposal 6: The maximum positive difference of D2D tx power and cellular UL tx power (i.e., D2D boosting over cellular UL) is restricted or controlled by the network.
· Proposal 7: By means of D2D PC parameters, it should be possible to configure a D2D UE also to transmit at maximum power; however, maximum power reductions (a.k.a. MPRs) should also be possible to configure for all D2D transmissions like for cellular UL transmissions.
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Figure 2: Cellular UE satisfaction in the network as a function of the 50th %-ile of the UEs’ D2D power offset over the their cellular tx power (per RB).
5 Summary
The following has been observed and proposed in this contribution:
· Observation 1: The maximum difference between P_D2D and P_UL or Pd_D2D and Pd_UL may need to be restricted or controlled by the network. Or at least its impact may need further investigation.
· Observation 2: D2D tx power boosting over cellular tx power, if used at all, should be used very carefully, to not degrade the cellular UE performance. 

· Proposal 1: The same TPC for SA and D2D data are configured in a D2D resource grant, at least when the SA and D2D scheduling cycles are the same and aligned.

· Proposal 2: Cellular UL DCI0 TPC format (2 bits) may be reused for D2D grant for the agreed TPC, but the tx power adjustment steps do not need to be exactly the same as for cellular UL PC.

· Proposal 3: The same power control type (e.g., absolute) is used for SA and D2D data.

· Proposal 4: The TPC for D2D should also have a possibility to configure ‘no-tx-power-adjustment’.
· Proposal 5: Higher-layer signalling should allow for turning on/off using of the TPCs signalled in D2D resource grants.

· Proposal 6: The maximum positive difference of D2D tx power and cellular UL tx power (i.e., D2D boosting over cellular UL) is restricted or controlled by the network.
· Proposal 7: By means of D2D PC parameters, it should be possible to configure a D2D UE also to transmit at maximum power; however, maximum power reductions (a.k.a. MPRs) should also be possible to configure for all D2D transmissions like for cellular UL transmissions.
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