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1. Introduction

The topic of D2D coexistence with adjacent channel services was discussed in prior RAN4 meetings (#69, #70, and #70bis). In this paper, we present the updated simulation results for both direct discovery and direct communications D2D use cases based on the updated simulation assumptions (included in our companion paper [10]).
The results are organized as follows:

· Section 3.1: Baseline results for WAN-WAN coexistence

· Section 3.2: Results for in-network discovery

· Section 3.3: Results for out-of-network broadcast communications (Public safety use only)
2. Simulation Assumptions

Our proposal on simulation assumptions for D2D coexistence study is included in our companion paper R4-143580 [10]. In particular, the following D2D use cases are being considered. 
	D2D use case
	Deployment scenario

	In-network discovery
	(Mandatory) General scenario

(Optional) Public safety scenario

	Out-of-network broadcast communications
	(Mandatory) Public safety scenario


Detailed simulation assumptions can be found in [10], and are not replicated here for brevity. 
3. Simulation Results

In this section, we provide simulation results for D2D coexistence with adjacent channel services using the assumptions proposed in [10]. We study the impact of D2D use cases 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.
3.1. WAN-WAN coexistence 

In this subsection, we present some calibration results on WAN-WAN coexistence (i.e., without D2D). The purpose of these results is twofold: (i) to serve as calibration results for the simulation assumptions presented in [10], and (ii) 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
	0.53%
	0.15%

	
	
	PC set 2
	0.41%
	0.15%

	
	Option 3

Outdoor drop
	PC set 1
	1.09%
	0.18%

	
	
	PC set 2
	0.85%
	0.25%

	Public Safety Scenario
	Option 5
Indoor/Outdoor drop
	PC set 1
	0.30%
	0.09%

	
	
	PC set 2
	0.34%
	0.15%

	
	Option 5

Outdoor drop
	PC set 1
	0.59%
	0.06%

	
	
	PC set 2
	0.48%
	0.10%


Note that Option 3 (outdoor drop) is similar to the WAN-WAN coexistence scenario simulated in TR 36.942. The results on UL throughput loss are consistent with those presented in Section 7.1.1 of TR 36.942.
Observation 1: Baseline WAN-WAN coexistence results are consistent with prior studies done in TR 36.942.
3.2. In-network discovery

Figure 1 below illustrates the in-network discovery coexistence scenario simulated. 

[image: image1]
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 +0.06% 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

	
	
	
	Without D2D
(From Table 1)
	With D2D
(Increase over no-D2D)

	
	
	
	Average
	5% CDF
	Average
	5% CDF

	General Scenario
	Option 1

Indoor/Outdoor drop
	PC set 1
	0.53%
	0.15%
	+0.01%
	+0.001%

	
	
	PC set 2
	0.41%
	0.15%
	+0.02%
	+0.004%

	
	Option 3

Outdoor drop
	PC set 1
	1.09%
	0.18%
	+0.02%
	+0.003%

	
	
	PC set 2
	0.85%
	0.25%
	+0.06%
	+0.012%

	Public Safety Scenario

(23dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	0.30%
	0.09%
	+0.01%
	+0.001%

	
	
	PC set 2
	0.34%
	0.15%
	+0.02%
	+0.004%

	
	Option 5

Outdoor drop
	PC set 1
	0.59%
	0.06%
	+0.02%
	+0.004%

	
	
	PC set 2
	0.48%
	0.10%
	+0.06%
	+0.013%

	Public Safety Scenario

(31dBm UE transmit power)
	Option 5
Indoor/Outdoor drop
	PC set 1
	0.30%
	0.09%
	< +0.01%
	< +0.001%

	
	
	PC set 2
	0.34%
	0.15%
	< +0.01%
	< +0.001%

	
	Option 5

Outdoor drop
	PC set 1
	0.59%
	0.06%
	< +0.01%
	+0.001%

	
	
	PC set 2
	0.48%
	0.10%
	+0.01%
	+0.001%


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 2: 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)
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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 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, the actual impact is likely to be negligible as observed in the simulation results in Table 2.
Proposal 1: It can be concluded that the impact due to in-network discovery on adjacent channel services is small as long as the D2D discovery resource allocation is small (less than 5%) with a low-duty cycle of allocation.
3.3. Out-of-network broadcast communications 
Figure 4 below illustrates the out-of-network broadcast communications coexistence scenario simulated. Note that direct communications for Rel-12 is for public safety use case only. 


[image: image4]
Results on the loss in UL throughput of an E-UTRA network due to D2D aggressors engaged in out-of-network D2D communications on the adjacent channel are shown in Table 3. As outlined in [10], the results are presented for the following two densities of broadcast transmitters:

· Option 1: Average number of broadcast transmitters per cell is 3
· Option 2: Average number of broadcast transmitters per cell is 6
· Option 2 is being simulated to study robustness of the system in case of rare events. 
· Only critical problems identified with 12 Tx UEs, if any, will be addressed in rel-12. No optimization for 12 TX UEs will be considered in rel-12.
Table 3: UL throughput loss due to out-of-network broadcast D2D communication

	Avg # of D2D comm. sessions per cell
	UE max transmit power
	Layout / Drop
	Power control set
	UL Throughput Loss 

	
	
	
	
	Average
	5% CDF

	Option 1

(Nb = 3/cell)
	23dBm
	Option 5

Indoor/Outdoor drop
	PC set 1
	0.29%
	0.10%

	
	
	
	PC set 2
	0.76%
	0.28%

	
	
	Option 5

Outdoor drop
	PC set 1
	0.88%
	0.15%

	
	
	
	PC set 2
	2.55%
	0.52%

	
	31dBm
	Option 5

Indoor/Outdoor drop
	PC set 1
	0.38%
	0.13%

	
	
	
	PC set 2
	0.97%
	0.32%

	
	
	Option 5

Outdoor drop
	PC set 1
	0.97%
	0.19%

	
	
	
	PC set 2
	2.85%
	0.51%

	Option 2

(Nb = 6/cell)
	23dBm
	Option 5

Indoor/Outdoor drop
	PC set 1
	0.60%
	0.18%

	
	
	
	PC set 2
	1.47%
	0.30%

	
	
	Option 5

Outdoor drop
	PC set 1
	1.59%
	0.23%

	
	
	
	PC set 2
	4.89%
	0.61%

	
	31dBm
	Option 5

Indoor/Outdoor drop
	PC set 1
	0.70%
	0.19%

	
	
	
	PC set 2
	1.90%
	0.44%

	
	
	Option 5
Outdoor drop
	PC set 1
	1.95%
	0.24%

	
	
	
	PC set 2
	5.63%
	0.61%

	
	
	
	
	(with 4 blind HARQ tx)

	
	
	
	
	4.37%
	0.55%

	
	
	
	
	(with 3 blind HARQ tx)


As can be seen from the results, the loss in average throughput is within 5% due to out-of-network broadcast D2D communications ongoing on an adjacent channel. The impact on WAN UL throughput is limited due to the following factors: (a) low density of transmissions, and (b) narrowband D2D transmissions.
Even for the extreme case of Option 2 (Nb = 6 Tx UEs/cell) with HPUEs, the loss was observed to marginally exceed 5% for one simulation scenario with a maximum of 4 blind HARQ retransmissions. As shown in the results, the loss can be mitigated by restricting to 3 blind HARQ transmissions in that case. Moreover, in all scenarios, the loss with PC set 1 is well below 5% -- indicating that in a practical LTE system, closed-loop power control will further limit any throughput impact observed in these simplistic simulations.
In Table 3, 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 5 and Figure 6. As can be seen from the figures, the current requirements on blocking interference signal of -43dBm is met for the out-of-network broadcast communications use cases.

Observation 3: Impact on adjacent channel network due to out-of-network D2D broadcast communications was observed to be within operating limits in all scenarios simulated.

Based on this observation, we propose: 
Proposal 2: It can be concluded that the impact due to out-of-network broadcast communication on adjacent channel services is within operating limits.
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Figure 5: BS blocking requirements – Total power received from aggressor system (D2D UEs) at victim BS over 10 MHz for public safety scenario, layout option 5 with outdoor drop, 6 Tx UEs/cell with 23dBm max transmit power.
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Figure 6: BS blocking requirements – Total power received from aggressor system (D2D UEs) at victim BS over 10 MHz for public safety scenario, layout option 5 with outdoor drop, 6 Tx UEs/cell with 31dBm max transmit power.


4. Conclusions

In this paper, we presented further discussion and simulation results on D2D coexistence with adjacent channel network. 
From the simulation results presented, the following observations are made:
Observation 1: Baseline WAN-WAN coexistence results are consistent with prior studies done in TR 36.942.
Observation 2: Impact on adjacent channel network due to in-network D2D discovery was observed to be negligible in all scenarios simulated.

Observation 3: Impact on adjacent channel network due to out-of-network D2D broadcast communications was observed to be within operating limits in all scenarios simulated.
Further, following proposals are made on D2D coexistence:
Proposal 1: It can be concluded that the impact due to in-network discovery on adjacent channel services is small as long as the D2D discovery resource allocation is small (less than 5%) with a low-duty cycle of allocation.
Proposal 2: It can be concluded that the impact due to out-of-network broadcast communication on adjacent channel services is within operating limits.
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Figure � SEQ Figure \* ARABIC �1�: Illustration of the coexistence scenario for in-network discovery being simulated.
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Figure � SEQ Figure \* ARABIC �4�: Illustration of the coexistence scenario for out-of-network broadcast communications being simulated.
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