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1 Introduction
In the RAN1 #77, power control (PC) for D2D was discussed and the followings were agreed.
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

Agreement:

· 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 addition, following agreement obtained for D2D DCI at the RAN1 #78.

Agreements:
· TPC bit switches between maximum available power and open-loop power control
In this contribution, we show evaluation results of D2D and WAN co-existence with power control for D2D communication. There are two evaluations. One is an evaluation about D2D coverage, and the other is that of SINR of PUCCH for WAN. This document is re-submission of R1-144104.
2 Impact by power control for D2D communication
When power control is applied for D2D communication, there are impacts for both D2D and WAN sides. If the transmission power of D2D Tx UE is reduced by the power control, the coverage of successful D2D links is shrunk. It’s an impact to D2D side by the power control. On the other hand, even though the transmission PRB is different between D2D and WAN, D2D transmission will interfere to PUCCH for WAN side due to effects of in-band emission. If the transmission power of D2D Tx UE is reduced, the interference to PUCCH might be reduced. Here, we focus on not ICI but interference due to in-band emission, because relative power level derived from in-band emission is higher than -30dB, then it would be higher than relative power level due to ICI (i.e. about  −40 dB) [1].
To prove those points, we evaluated D2D and WAN performance with D2D power control.

3 Evaluation
3.1 Evaluation Assumptions

In this evaluation, we would like to focus on impact by D2D power control, we employ the deployment where only D2D UEs are dropped but WAN UEs are not dropped. Regarding D2D communication, VoIP traffic is evaluated, and open loop power control (PC) is applied. The followings are used for parameters of power control.

· P0:  {0, −20, −40, −60, −80} [dBm]

· alpha:  {0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0}
Note:  Actually, the values of 0.1, 0.2 and 0.3 aren’t available on RRC signalling for alpha. In this evaluation, we evaluate the above values to investigate behaviour of alpha. 
In the calculation of the power control, a D2D Tx UE uses the path loss between the UE and the eNB from which the UE has the strongest received power. In addition, performance in the case of transmission with maximum available power, i.e. without PC, is also evaluated for comparison.  In this case, transmission power of D2D Tx UE is fixed to 23 dBm. The number of D2D Tx UEs per macro cell area is 3 or 6. Other assumptions are listed in the Table 1 in Appendix A.
In order to evaluate the D2D link influenced by PC, D2D links are created firstly to compare RSRP received at Rx UE side with RSRP threshold defined in the assumptions. When creating the D2D links, the power control is not applied. The power control is applied only for transmission of VoIP packet from D2D Tx UEs.

3.2 Evaluation Results

3.2.1 Impact on D2D Coverage

In this section, we show evaluation results of impact on D2D coverage by power control for D2D communication.

Firstly, we show the fraction of successful VoIP links. In this evaluation, we use the outage definition of 2 % defined in the assumptions of VoIP traffic model [2]. In the Figure 1 and Figure 2, the fractions of successful VoIP links are shown for 3 and 6 D2D Tx UEs per macro cell area, respectively. In these figures, the fractions are shown depending on alpha values for each P0.
Although it's depending on the assumptions, in the WAN evaluation of the same layout, we usually use P0 = −60 dBm and alpha = 0.8.
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Figure 1:  Fraction of successful VoIP links for D2D communication with open loop power control
(3 D2D Tx UEs)
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Figure 2:  Fraction of successful VoIP links for D2D communication with open loop power control
(6 D2D Tx UEs)
From the Figure 1 and Figure 2, we observe as follows.
· In the case of without PC, the highest performance can be achieved than the other cases (i.e. with PC case).

· In the cases of with PC, the performance degrades depending on the decrease of alpha/P0 in same P0/alpha, respectively. If alpha is adjusted to be small, the amount of path loss compensation is lost. Therefore, from the operation perspective, when alpha is reduced, P0 needs to be increased, or when alpha is increased, P0 needs to be reduced. Then average power can be same.
· To compare 3UEs with 6 UEs, we can find similar tendency for alpha or P0 but there is some difference. The difference is not so significant namely within about 5 %. The performance for 3 UEs case is higher than that for 6 UEs case. This is because interference for 3 UEs case is smaller than that for 6 UEs case.
· When the same as WAN setting like P0 = −60 dBm and alpha=0.8, the performance degradation is very small. This is because only UEs located around the edge of D2D coverage lost some packets by power control with such setting compared to without PC case. 
Then, we show the distributions of distance of successful D2D links. In the Figure 3, the distributions of distance for P0 = −60 dBm are shown. From the Figure 3, we can directly find the coverage of successful links is shrunken depending on the decrease of alpha. The coverage reaches about 1000m for alpha = 1.0 case or without PC case, but it reaches around only 100 m for alpha = 0.0 case. Additionally, the results for P0 = −40 and −80 dBm are shown in Figure 5 and Figure 6 in Appendix B, respectively. In the case of alpha near to 1.0, the coverage of successful links is not shrunk so much.
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Figure 3:  Distributions of distance of successful D2D links (P0 = −60dBm)

3.2.2 Impact on SINR of PUCCH for WAN

In this evaluation, impact on SINR of PUCCH to WAN from D2D measured at eNB side is shown. The SINR is calculated as follows.

· The measurement point is at eNB side.

· D2D Tx UEs transmit VoIP packets with 2 PRBs selected randomly from the center 48 PRBs. 

· In-band emission is applied for D2D Tx UEs.

· The eNBs measure interference power from the D2D Tx UEs in each PRB pair located at both edge of uplink bandwidth.

· Although no PUCCH transmission from WAN UEs is simulated, the simulation assumes 0 dB SINR of PUCCH when no D2D interference. Then the interference from D2D Tx UE in each PRB pair is added to assumed SINR without D2D interference. Our intention is to see PUCCH SINR degradation caused by D2D. 
For P0 = −60 dBm case, the additional SINR degradation of PUCCH by D2D is shown in the Figure 4. Additionally, the results for P0 = −40 and −80 dBm are shown in Figure 7 and Figure 8 in Appendix B, respectively.
From the Figure 4, we can find that SINR of PUCCH degrades depending on increase of alpha. In the case that alpha is from 0.0 to 0.6, the additional degradation of SINR is small (1~1.5 dB for 90 % CDF point). In the case of alpha = 0.8, the additional degradation of SINR is getting large (around 9 dB for 90 % CDF point), and in the case of alpha = 1.0, the degradation is almost same as that in case of without PC (larger than 10 dB for 90 % CDF point). Form the Figure 7 and Figure 8, we can find same tendency on additional SINR degradation on alpha. Then, we conclude that the power control with smaller alpha can reduce SINR degradation of PUCCH caused by D2D compared to without PC.
According to the result, P0 = −60 dBm and alpha = around 0.6 to 0.7 seems some balance point to handle the interference (additional PUCCH degradation caused by D2D is about 2 dB and 4 dB, respectively in terms of 90 % CDF point). In addition, simulation results in Figure 4 also prove what we proposed power control method can obtain a good performance [3], say similar signal power level for D2D as LTE WAN can relax LTE WAN interference issue but D2D its own performance can be maintained at the same time.
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Figure 4:  additional SINR degradation of PUCCH to WAN from D2D (P0 = −60dBm)
From the evaluation results in the section 3.2.1 and 3.2.2, we can see impacts of D2D and WAN by D2D power control. The D2D coverage is shrunk depending on decrease of alpha. On the other hand, SINR of PUCCH for WAN degrade depending on increase of alpha. From these observations, by proper setting of P0 and alpha, to keep D2D coverage but to reduce D2D interference to PUCCH of WAN side are possible. Slight adjustment value like P0 = −60 dBm and alpha = 0.7 seems good balance value of coverage and PUCCH interference compared with the parameters of P0 = −60 dBm and alpha = 0.8, which we usually use for the layout like option 5.
4 Conclusion

In this document, we evaluate D2D and WAN co-existence with D2D power control. The results show that by proper setting of P0 and alpha, to keep D2D coverage but to reduce D2D interference to PUCCH for WAN side are possible.
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Appendix A
In the Table 1, simulation assumptions are listed.
Table 1:  Simulation assumptions

	Parameter
	Value

	Deployment scenario
	Hexagonal grid, 7 cell sites, 3 cells per site, wrap around

	Layout option
	Option 5: Urban macro (1732 m ISD)  

	UE drop
	Uniform drop, 100 % outdoor [2]

	Dropping UE number in a cell
	3, 6 transmitters and 29 receivers per cell 

	Carrier frequency
	700 MHz

	System bandwidth
	10 MHz (48 PRBs)

	Path loss model
	According to agreed assumptions [2]

	Shadowing
	According to agreed assumptions [2]

	Noise Figure (UE side)
	9 dB

	Max Tx power of D2D UE
	23 dBm

	RSRP threshold for link
	−107 dBm

	Resource allocation
	Random resource allocation

	Communication resource
	2 PRBs for each transmitter

	In-band emission model
	As defined in [3] with {W, X, Y, Z} = [0 0 0 0]

	Number of HARQ transmissions
	4 (IR)

	Power control
	Maximum power transmission for without power control, 
or Fractional open loop power control

	Antenna Configurations
	1×2

	Modulation
	QPSK

	Coding
	Turbo (R  0.67 for 1st transmission)

	Traffic model
	VoIP 

	Packet size including CRC
	352 bits (328 bits + CRC 24bits)　


Appendix B

In the Figure 5 and Figure 6, the distributions of distance for P0 = −40dBm and −80dBm are shown, respectively. From these figures and Figure 3, we can find the coverage of D2D link is shrunken depending on decrease of P0 in the same alpha case.
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Figure 5:  Distributions of distance of successful D2D links (P0 = −40 dBm)
[image: image6.png]09

0.8

07

06

03

02

01

D2D distance of successful link (PO = ~80dBm)

—w/ PC(aZ‘O 0)

—w/ PC( 2)
w/ PC( 4)
—w/ PC( 6)

—w/ PC(a=0.7)
—w/ PC(a=038)
—w/ PC(a=1.0)
===w/o PC

*
10° 10
distance[m]

10 10




Figure 6:  Distributions of distance of successful D2D links (P0 = −80 dBm)
In the Figure 7 and Figure 8, SINR of PUCCH for WAN side for P0 = −40 dBm and −80 dBm are shown, respectively. From these figures and Figure 4, we can find the SINR of PUCCH improve depending on decrease of P0 in the same alpha case.
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Figure 7:  additional SINR degradation of PUCCH to WAN from D2D (P0 = −40 dBm)
[image: image8.png]PUCCH additional SINR degradation caused by D2D (PO = -80dBm)

—w/ PC(a=0.0)
09| —w/ PC(a=02)
w/ PC(a=0.4)
0gl| —w Pola=06)
[|—w/ PC(a=0.7)
——w/ PC(@=08)
0.7+ —w/ PC(a=1.0)
===w/o PC
06
L
S05-
(&)
0.4
03
02}
01} Saammpmem T
T

—20 -15

i
-10
SINR [dB]





Figure 8:  additional SINR degradation of PUCCH to WAN from D2D (P0 = −80 dBm)
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