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1 Introduction
In the RAN1 #76bis, coexistence of WAN and D2D communication was discussed, and then the simulation assumption [1] to evaluate its impact was agreed through the discussion on the RAN1 reflector. In this document, we show the evaluation results on WAN impact by D2D communication in terms of spatial domain i.e, how large interference are generated from out of coverage D2D UE to in coverage WAN.

Another area of the interference relation between WAN and D2D is in band emission in the frequency domain but we don't discuss it in this document. 
2 Spatial Statistics on WAN impact by D2D communication
In the case of coexistence of WAN and D2D, there is an impact on performance on each other. WAN impact by D2D communication is especially important from the system perspective. The intensity of interference from a D2D transmission UE varies depending on the distance from the D2D UE to an eNB which is a receiver side of WAN uplink.  If the D2D UE is far from the eNB, WAN impact by D2D might be small because interference from the D2D UE is not so large. In addition, the power and density of D2D UE may also largely impact performance of WAN. To prove those points, we evaluated WAN impact by D2D in terms of spatial domain interference accordingly. 
3 Evaluation
3.1 Evaluation Assumptions

In this evaluation, we assume an isolated WAN site in order to focus on the interference from D2D. WAN UEs are located in a centre site only. We evaluate the following two scenarios depending on the location of D2D UEs.
· WAN only

· WAN UEs are located in a centre site, and there are no D2D UEs.

· WAN + D2D in the surrounding area
· WAN UEs are located in a centre site, and D2D UEs are located in the surrounding sites of the centre site.

In the Figure 1, the above evaluation scenarios are described.
In the WAN + D2D scenario, traffic loading of D2D communication is also considered. We evaluate VoIP traffic as D2D communication. The loading of D2D communication depends on the number of D2D transmission UEs(D2D Tx UE) because a VoIP packet is generated every 20ms and the each packet is transmitted with fixed resource, i.e. 4 times transmission within 20ms with 2PRBs. When the number of D2D Tx UEs per cell is 3, there are 9 D2D Tx UEs in a site (3cells). In this case, resource for D2D transmission per site in every 20ms is estimated as 72PRBs (= 3UEs x 3cells x 2PRBs x 4subframes). It means resource utilization (RU) is about 7.5% for all resource (e.g. 48PRBs x 20subframes). For 6 D2D Tx UEs and 12 D2D Tx UEs per cell, resource utilization is about 15% and 30%, respectively. 

And, the details of simulation assumptions are listed in the Table 2 in Appendix A. Regarding Tx power of UEs, 23dBm and 31dBm are adopted for D2D UEs, though 23dBm is adopted for WAN UEs. For resource allocation of D2D UEs, the mode 2 allocation is applied, i.e. VoIP packets of the D2D UEs are randomly allocated in frequency resources.
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Figure 1:  Evaluation scenarios

3.2 Evaluation Results

In this section, we present evaluation results. The Figure 2 shows long term SINRs for WAN uplink. The long term SINR represents a static and averaged SINR measured in the eNB side, i.e. pathloss and shadowing are taken into account. In its calculation, the ideal power control is applied for WAN UEs, though the maximum power transmission is applied for D2D UEs. And transmission with the whole bandwidth is assumed. In the calculation of interference, interferences from WAN UEs in other cells are averaged, and interferences from D2D UEs are summarized. In the Figure 2, a black line shows the long term SINR for WAN only, and blue and red lines show those for WAN + D2D with Tx power of 23dBm and 31 dBm, respectively.
From the Figure 2, we can find the degradation of the long term SINR of the scenarios with D2D UEs compared to WAN UEs only. When the Tx power of D2D UEs is large, the degradation is large because of increasing of interference power from D2D UEs. Additionally, we can also find the degradation is getting large depending on the traffic load of D2D communication because of increasing of interference from D2D depending on increasing of the traffic load of D2D.
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Figure 2:  Long term SINR for WAN uplink
In the Figure 3, received SINR CDFs and user throughput CDFs are shown. And the Table 2 shows throughput results. In the Table 2, system throughput, 50% and 5% CDF user throughputs are shown and its gains over WAN only scenario case are also shown.
From the Figure 3, we can find performance degradation on WAN+D2D scenarios depending on increasing of the interference by D2D UEs as same as the long term SINR. From the throughput results in the Table 2, there are from 6.4% to 27.5% throughput degradation in the WAN+D2D with Tx power of 23dBm, but there are from 19.5% to 61.3% throughput degradation in the WAN+D2D with Tx power of 31dBm. These results indicate even D2D UEs located in the surrounding site make large impact on the WAN performance. 
These results clearly show that time/frequency resource usage of out of coverage UEs needs to be controlled by eNB. The traffic load of D2D and D2D Tx power need to take into account in order to decide how far out of coverage D2D UEs needs to be coordinated.
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Figure 3:  Received SINR & User throughput CDF for WAN uplink
(left: Received SINR,  right: User throughput)
Table 1:  Throughput results
	Evaluation Scenario
	System TP
	CDF 50% User TP
	CDF 5% User TP

	
	TP [Mbps]
	Gain [%]
	TP [kbps]
	Gain [%]
	TP [kbps]
	Gain [%]

	WAN only
	8.16
	-
	775.5
	-
	89.0
	-

	WAN+D2D
(23dBm)
	RU 7.5%
	7.55
	-7.5%
	731.9
	-5.6%
	83.4
	-6.4%

	
	RU 15%
	6.97
	-14.6%
	686.4
	-11.5%
	75.6
	-15.1%

	
	RU 30%
	6.08
	-25.5%
	612.3
	-21.0%
	64.6
	-27.5%

	WAN+D2D

(31dBm)
	RU 7.5%
	6.35
	-22.2%
	624.5
	-19.5%
	68.8
	-22.7%

	
	RU 15%
	5.24
	-35.8%
	518.7
	-33.1%
	52.7
	-40.8%

	
	RU 30%
	3.93
	-51.8%
	393.2
	-49.3%
	34.5
	-61.3%


4 Conclusion

In this document, we evaluate WAN impact by D2D communication in terms of spatial domain. The results clearly show that time/frequency resource usage of out of coverage UEs needs to be controlled by eNB. The traffic load of D2D and D2D Tx power need to take into account in order to decide how far out of coverage D2D UEs needs to be coordinated.
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Appendix A
In the Table 2, simulation assumptions are listed.
Table 2:  Simulation assumptions

	Parameter
	Value

	
	WAN
	D2D

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

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

	UE drop
	Uniform drop of TR 36.814[3]
	Uniform drop, 100% outdoor [2]

	Dropping UE number in a cell
	10 UEs per cell in a center site
	{3, 6, 12} transmitters and 29 receivers per cell

	Carrier frequency
	700MHz
	700MHz

	System bandwidth
	10MHz (48RBs)
	10MHz (48RBs)

	Path loss model
	Table A.2.1.1.5-1 of TR 36.814[3]
	A.2.1.2 of TR 36.843 [2]

	Shadowing
	Table A.2.1.1.5-1 of TR 36.814[3]
	A.2.1.2 of TR 36.843 [2]

	Maximum TX power
	23dBm
	23, 31dBm

	RSRP threshold for link
	-
	-107dBm

	Resource allocation
	Proportional Fair
(All freq./time resource are used)
	Random resource allocation
2PRBs for each transmission

	In-band emission model
	inband emission [0 0 0 0]
	inband emission [0 0 0 0]

	Number of HARQ transmissions
	4 (IR)
	4 (IR)

	Power control
	Fractional open loop power control with 
α = 1.0, P0 = -90dBm
	Maximum power transmission

	Antenna Configurations
	1x2
	1x2

	Traffic model
	Full buffer
	VoIP 
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