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1. Introduction

In the last RAN4 meeting, simulation assumptions for D2D coexistence with adjacent channel services were agreed in R4-144052. In this paper, we present the updated simulation results for D2D discovery based on the agreed simulation assumptions.
2. Simulation Results 
In this section, we provide results for the impact of D2D discovery on the UL throughput of an adjacent channel E-UTRA network. Further, the eNodeB blocking results are also presented.

For ease of readability, we note that PC Set 1 and PC Set 2 in the results presented in this paper refer to WAN power control with parameter gamma = 1 (power inversion) and gamma = 0.8 (fractional power control), respectively.
The results are presented in the following subsections.
2.1. WAN-WAN coexistence 

In this subsection, we present some calibration results on WAN-WAN coexistence (i.e., without D2D to form the baseline results against which impact of D2D can be compared. 
Table 1: Impact on UL throughput due to WAN UEs operating in adjacent channel

	Deployment Scenario
	Layout
	Power control set
	UL Throughput Loss

	
	
	
	Average
	5% CDF

	General Scenario
	Option 1

Indoor/Outdoor drop
	PC set 1
	2.22%
	5.59%

	
	
	PC set 2
	1.81%
	2.43%

	
	Option 3

Outdoor drop
	PC set 1
	4.62%
	6.79%

	
	
	PC set 2
	3.62%
	4.98%

	Public Safety Scenario
	Option 5
Indoor/Outdoor drop
	PC set 1
	1.91%
	6.41%

	
	
	PC set 2
	1.90%
	3.10%

	
	Option 5

Outdoor drop
	PC set 1
	4.26%
	7.25%

	
	
	PC set 2
	3.30%
	4.69%


In these results, the WAN UL power control parameters are not optimized for the layouts simulated (as indicated in R4-144052). While not presented in this paper, it was observed that optimizing the power control algorithm parameters (CLxile, PodBm) also improves the baseline results. For the purpose of this paper, we use the agreed parameters from R4-144052 since these results are just to provide the baseline for D2D results.
2.2. In-network discovery

Figure 1 below illustrates the in-network discovery coexistence scenario simulated. 
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Results on the loss in UL throughput with and without D2D enabled on the aggressor’s network are shown in Table 2. As can be seen from the results, the increased impact due to D2D is negligible (worst-case increase of +0.05% due to D2D discovery). Even though the density of D2D UEs is large (150/cell), the impact on WAN UL throughput is limited due to the following factors: (a) low periodicity of D2D allocation, and (b) narrowband D2D transmissions.
Table 2: UL throughput loss due to in-network D2D discovery
	Deployment Scenario
	Layout
	Power control set
	UL Throughput Loss
 (Increase over no-D2D
in Table 1)

	
	
	
	Average
	5% CDF

	General Scenario
	Option 1

Indoor/Outdoor drop
	PC set 1
	 < +0.01%
	< +0.01%

	
	
	PC set 2
	+0.01%
	+0.02%

	
	Option 3

Outdoor drop
	PC set 1
	< +0.01%
	<+ 0.01%

	
	
	PC set 2
	+0.05%
	+0.06%

	Public Safety Scenario

(23dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	+ 0.01%
	+0.02%

	
	Option 5

Outdoor drop
	PC set 1
	< +0.01%
	+0.01%

	
	
	PC set 2
	+0.05%
	+0.05%

	Public Safety Scenario

(31dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	< +0.01%
	< +0.01%

	
	Option 5

Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	< +0.01%
	< +0.01%


In Table 2 we highlight the two worst-case results with the largest impact on UL throughput, and the eNodeB blocking results are presented for those cases in Figure 2 and Figure 3. As can be seen from the figures, the current requirements on blocking interference signal of -43dBm is met for the discovery use cases.

Observation 1: Impact on adjacent channel network due to in-network D2D discovery was observed to be negligible in all scenarios simulated.
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Figure 2: BS blocking requirements – Total power received from aggressor system (D2D and WAN UEs with PC set 1) at victim BS over 10 MHz for general scenario, layout option 3 (outdoor drop)
	[image: image3.emf]-90 -80 -70 -60 -50 -40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

X: -52.26

Y: 0.999

Total received power (dBm)

Probability


Figure 3: BS blocking requirements – Total power received from aggressor system (D2D and WAN UEs with PC set 1) at victim BS over 10 MHz for public safety scenario, layout option 5 with outdoor drop


It should be emphasized that the impact due to in-network will be small as long as the D2D resource allocation is small (less than 5%) with a low-duty cycle of allocation (e.g., 64 subframes every 10sec). Moreover, for in-network discovery, the impact on UL throughput of the network operating in adjacent channel with full-buffer UL traffic (as simulated) can be upper bounded as follows:

Additional UL throughput loss (adjacent network) due to discovery < duty cycle of discovery allocation  

(1)

where the duty cycle of discovery allocation is (# discovery subframes per period) / (periodicity of discovery allocation)

The upper bound in (1) is independent of other simulation assumptions, e.g., ACLR model, transmission BW of D2D signal, etc. Hence, it can be concluded that the impact due to in-network discovery is small as long as the D2D resource allocation is small (less than 5%) with a low-duty cycle of allocation. 
In practice, even with 5% duty-cycle of allocation, the actual impact is likely to be negligible. We have provided additional simulation results in Table 3 (in Appendix) to corroborate the same. Assuming a discovery resource allocation of 64 subframes every 1.28 seconds (i.e., 5%), the worst-case increase +0.37% loss in UL throughput was observed. 
Proposal 1: It can be concluded that the impact due to in-network discovery on adjacent channel services is within acceptable operating limits for duty-cycle of the sum of non-overlapping D2D discovery resource allocations across adjacent cells less than 5%.
3. Conclusions

In this paper, we presented the simulation results on in-network D2D discovery coexistence with adjacent channel network. 

From the simulation results presented, the following observation is made:
Observation 1: Impact on adjacent channel network due to in-network D2D discovery was observed to be negligible in all scenarios simulated.

Further, following proposal are made on coexistence of D2D discovery:
Proposal 1: It can be concluded that the impact due to in-network discovery on adjacent channel services is within acceptable operating limits for duty-cycle of the sum of non-overlapping D2D discovery resource allocations across adjacent cells less than 5%.
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5. Appendix

In this appendix, we present some further results in support of the conclusions drawn in this paper. Simulation results for two further cases are presented:
· In Section 5.1: With 5% duty-cycle of discovery resource allocation (64 subframes every 1.28seconds). This is to corroborate the fact that even though we limiting to 5% duty-cycle in the conclusions, the actual loss is still negligible at that point.

· In Section 5.2: With only two-steps of the ACLR model in R4-144052. This is to corroborate the claim made in the main body that the same conclusion can be drawn independent factors such as the ACLR model, etc.
5.1. Results with 5% discovery allocation
In the main body of the paper, the conclusions were drawn for 5% based on analytical upper bounding of the loss possible. Table 3 shows the simulation results with 5% discovery allocation (64 D2D subframes every 1.28seconds). As seen from the results, the increase in loss in UL throughput is still very small (+0.37%) even with 5% UL resources being used for D2D discovery.
Table 3: UL throughput loss due to in-network D2D discovery 
(with 5% duty-cycle of discovery resource allocation)
	Deployment Scenario
	Layout
	Power control set
	UL Throughput Loss
 (Increase over no-D2D
in Table 1)

	
	
	
	Average
	5% CDF

	General Scenario
	Option 1

Indoor/Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	+0.09%
	+0.12%

	
	Option 3

Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	+0.37%
	+0.44%

	Public Safety Scenario

(23dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	+0.08%
	+0.18%

	
	Option 5

Outdoor drop
	PC set 1
	< +0.01%
	+0.05%

	
	
	PC set 2
	+0.37%
	+0.43%

	Public Safety Scenario

(31dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	< +0.01%
	< +0.01%

	
	Option 5

Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	< +0.01%
	< +0.01%


5.2. Results with two-step ACLR from R4-144052

Further simulation results if only two-steps in the ACLR model were assumed. As claimed in the main body, it can be seen from Table 4 that the conclusions for in-network discovery coexistence is independent of the assumptions on ACLR model.
Table 4: UL throughput loss due to in-network D2D discovery 
(using two-steps in the ACLR model of R4-144052)
	Deployment Scenario
	Layout
	Power control set
	UL Throughput Loss
 (Increase over no-D2D
 in Table 1)

	
	
	
	Average
	5% CDF

	General Scenario
	Option 1

Indoor/Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	+0.03%
	+0.05%

	
	Option 3

Outdoor drop
	PC set 1
	+0.01%
	+0.02%

	
	
	PC set 2
	+0.09%
	+0.10%

	Public Safety Scenario

(23dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	< +0.01%
	+0.01%

	
	
	PC set 2
	+0.03%
	+0.05%

	
	Option 5

Outdoor drop
	PC set 1
	+0.02%
	+0.04%

	
	
	PC set 2
	+0.11%
	+0.13%

	Public Safety Scenario

(31dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	< +0.01%
	< +0.01%

	
	Option 5

Outdoor drop
	PC set 1
	< +0.01%
	< +0.01%

	
	
	PC set 2
	+0.02%
	+0.02%
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Figure � SEQ Figure \* ARABIC �1�: Illustration of the coexistence scenario for in-network discovery being simulated.








8
2

