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1. Introduction

The approved WID for D2D [5] has identified coexistence study between D2D enabled LTE network and victim network operating in adjacent carrier as one of the areas of focus for RAN4. The topic of D2D coexistence with adjacent channel services was discussed in prior RAN4 meetings (#69 and #70), with a way forward approved in [6]. 

In this paper, we present further discussion and results for D2D coexistence with adjacent channel services. In particular, the paper discusses the following aspects:
i. Proposal on simulations assumptions required for the coexistence study
ii. Coexistence simulation results based on those simulation assumptions

iii. Proposal on conclusion of coexistence study 
The paper is organized as follows. Proposal on simulation assumptions are presented in Section 2. Simulation results on D2D coexistence with adjacent channel services is presented in Section 3, for the use cases of in-network discovery and out-of-network broadcast communications (as identified as the worst-case for coexistence study for communications). Section 4 concludes the contribution. 
2. Simulation Assumptions

2.1. Coexistence scenarios

The approved WID in [5] identifies D2D discovery in network coverage and D2D communications in network coverage, outside network coverage, and in partial network coverage as the focus for the Rel-12 work item. Further, for D2D communications, the focus of design in RAN1 is limited to broadcast communications. Hence, we propose to focus on D2D broadcast communications and in-network D2D discovery use cases for the coexistence study in RAN4. Further, for D2D broadcast communication, we propose to focus on out-of-network coverage where no eNodeB scheduling is possible (unlike in-network and partial-network coverage) and thus presents the worst-case coexistence scenario for D2D broadcast communications. This is also in line with the WF on D2D coexistence approved in [6] during RAN4#70.
The following coexistence scenarios are then identified.

Table 1: D2D coexistence scenarios

	D2D use case
	Deployment scenario

	In-network discovery
	(Mandatory) General scenario

(Optional) Public safety scenario

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

(Optional) General scenario


Proposal 1: RAN4 coexistence study should focus on in-network discovery and out-of-network broadcast communications.

The details of the deployment scenarios are presented in the following subsections. Subsection 2.2 proposes the network layouts for the deployment scenarios, and subsection 2.3 proposes simulation assumptions including general, discovery-specific, and communication-specific assumptions. 

2.2. Deployment scenarios

Table 2: Details on deployment scenarios

	Scenario
	Layout (in order of priority)

	General scenario
	(Mandatory) Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

(Optional) Option 3: Urban macro (500m ISD) (all UEs outdoor) 

	Public safety scenario
	(Mandatory) Option 5: Urban macro (1732m ISD), indoor/outdoor mix drop 

(Optional) Option 5: Urban macro (1732m ISD) , uniform drop


 Notes

· Details on the deployment scenarios are specified in Table A.2.1.1-1 of TR 36.843
2.3. Simulation assumptions

2.3.1. General

Table 3: Simulation assumptions: General

	Parameter
	Value

	WAN UL scheduler algorithm
	Round robin

	RBs allocated per active WAN UE
	16 PRBs 

	Number of active WAN UEs
	25 / cell

	Minimum coupling loss (for both D2D & WAN UEs from eNodeB)
	As per Section 4.5.1 in TR 36.942 

· For layout options 1, 3: 70 dB

· For layout option 5: 80 dB

	WAN UE transmit power control
	As per PC set 1 and PC set 2 of TR36.942

· Note that, as such, power control algorithm parameters (PodBm, CLxile) should be optimized for different network layouts being simulated (e.g., as per Appendix A in [7]). For simplicity, CLxile of 112dBm and 129dBm (from TR 36.942) for PC set 1 and PC set 2, respectively, is reused for all network layouts.

	UE-eNodeB pathloss models
	As per TR 36.843 (and indirectly TR 36.814 and TR 25.814)

(Note: As specified in TR 36.843, layout options 1 and 3 correspond to 3GPP Case 1, and layout option 5 corresponds to 3GPP Case 3. Pathloss models for 3GPP case 1 and 3 are specified in TR 36.814 and TR 25.814, and provided here for completeness.)

· For layout options 1, 3: Table A.2.1.1.5-1, 3GPP Case 1 (500m ISD) in TR 36.814.

· For layout option 5: Table A.2.1.1.5-1, 3GPP Case 3 (1732m ISD) in TR 36.814.

· For fc not equal to 2GHz, a correction factor of 20log10(fc_GHz/2) is applied when pathloss is specified for 2GHz.

· Penetration loss: As per Table A.2.1.1-1 in TR 36.814. (Note that for indoor users, when present, additional wall loss is specified in Table A.2.1.1.5-1.)

· eNodeB antenna pattern (and other details): As per Table A.2.1.1-2 in TR 36.814.

(Note these closely match the system calibration results in Figure A.2.2-1 in TR 36.814 for Case 1, 3D)

	Channel 
	AWGN

	SINR-to-rate mapping
	As per link level performance model in TR 36.942 (Table A.2)

	UE ACLR model
(for power class 3 UEs)
	For narrowband D2D aggressors (2RBs):

As proposed in companion contribution [8] 
For WAN aggressors (16RBs):
As per TR 36.942 (three-step): ACLR1/2/3 = 30/43/50 dB/BWaggressor


2.3.2. D2D discovery

Table 4: Simulation assumptions: D2D discovery

	Parameter
	Value

	Discovery signal bandwidth
	2 PRBs

	Discovery resource allocation
	64 UL subframes every 10sec (can be updated based on RAN1/RAN2 agreements on resource allocation).
In discovery subframes, FDM between D2D and PUCCH is assumed.
 SHAPE  \* MERGEFORMAT 




	Number of PUCCH regions
	6 PRBs

	Discovery resource selection by UE
	Type 1 discovery procedure is assumed with baseline (random) resource selection method by the UE (can be updated based on RAN1 agreements)

	Number of D2D UEs participating in discovery per cell
	From Table A.2.1.1-1 of TR 36.843

· Option 1: 150 UEs / cell

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1/4 agreement)

	UE max transmit power
	23 dBm


2.3.3. D2D communications 

Table 5: Simulation assumptions: D2D communications

	Parameter
	Value

	D2D signal bandwidth
	2 PRBs

	Average number of  D2D communication sessions  per cell
	From Table A.2.1.1-1 of TR 36.843

· Broadcast: Nb = 3

	D2D Traffic model
	VoIP as defined in Table A.2.1.3-1 in TR 36.843, with 4 HARQ transmissions per packet (can be updated based on RAN1 agreement on number/periodicity of transmissions)

· Voice activity factor of 75%

· 5ms periodicity in transmissions (without activity factor) 

	D2D resource selection by UE
	For Mode 2 when out-of-coverage: Randomly selected per transmission (can be updated based on RAN1 agreements)

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1/4 agreement)

	UE max transmit power
	23 dBm


Proposal 2: Use simulation assumptions listed in Table 1 through Table 5.
3. Simulation Results

In this section, we provide the simulation results for D2D coexistence with adjacent channel services using the assumptions proposed in Section 2. 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. The results are presented in the following subsections categorized by the D2D use case being studied.
3.1. In-network discovery

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

[image: image2]
Results on the loss in UL throughput with and without D2D enabled on the aggressors network are shown in Table 6. As can be seen from the results, the increased impact due to D2D is negligible. 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 6: UL throughput loss due to in-network D2D discovery
	Deployment Scenario
	Layout
	Power control set
	UL Throughput Loss

	
	
	
	Without D2D
	With D2D

	
	
	
	Average
	5% CDF
	Average
	5% CDF

	General Scenario
	Option 1

Indoor/Outdoor drop
	PC set 1
	0.46 %
	-(a)
	0.47 %
	-(a)

	
	
	PC set 2
	0.45 %
	-(a)
	0.47 %
	-(a)

	
	Option 3
Outdoor drop
	PC set 1
	1.11 %
	2.55 %
	1.13 %
	2.58 %

	
	
	PC set 2
	1.06 %
	1.71 %
	1.12 %
	1.77 %

	Public Safety Scenario
	Option 5
Indoor/Outdoor drop
	PC set 1
	0.27 %
	-(a)
	0.28 %
	-(a)

	
	
	PC set 2
	0.39 %
	-(a)
	0.42 %
	-(a)

	
	Option 5

Outdoor drop
	PC set 1
	0.66 %
	2.07 %
	0.69 %
	2.14 %

	
	
	PC set 2
	0.72 %
	1.02 %
	0.81 %
	1.14 %


(a) Based on the simulation parameters, more than 5% of WAN UEs were in UL outage with 16 RB transmissions.

In Table 6, 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 of adjacent channel network due to in-network D2D discovery is 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 discovery (or out-of-network discovery, though not in scope of WID) will be negligible 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). This observation is independent of other simulation assumptions, e.g., ACLR model, transmission BW of D2D signal, etc. Hence, we propose to conclude that the impact due to in-network discovery is negligible as long as the D2D resource allocation is small (less than 5%) with a low-duty cycle of allocation.
Proposal 3: It can be concluded that the impact due to in-network discovery on adjacent channel services is negligible as long as the D2D discovery resource allocation is small (less than 5%) with a low-duty cycle of allocation.
3.2. Out-of-network broadcast communications

Figure 4 below illustrates the out-of-network broadcast communications coexistence scenario simulated. 


[image: image5]
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 7. 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 can be further reduced by introducing guard RBs on the edge for D2D communications if required. The impact on WAN UL throughput is limited due to the following factors: (a) low density of transmissions, and (b) narrowband D2D transmissions.
Table 7: UL throughput loss due to out-of-network broadcast D2D communication

	Deployment Scenario
	Layout / Drop
	Power control set
	UL Throughput Loss 

	
	
	
	Average
	5% CDF

	Public Safety Scenario
	Option 5

Indoor/Outdoor drop
	PC set 1
	0.41 %
	-(a)

	
	
	PC set 2
	1.02 %
	-(a)

	
	Option 5

Outdoor drop
	PC set 1
	1.26 %
	3.07 %

	
	
	PC set 2
	3.53 %
	5.09 %

	General Scenario
	Option 1
Indoor/Outdoor drop
	PC set 1
	0.28 %
	-(a)

	
	
	PC set 2
	0.68 %
	-(a)

	
	Option 3
Outdoor drop
	PC set 1
	0.86%
	2.00 %

	
	
	PC set 2
	2.42 %
	3.24 %


(a) Based on the simulation parameters, more than 5% of WAN UEs were in UL outage with 16 RB transmissions.

In Table 7, 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 2: Impact of 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 4: It can be concluded that the impact due to out-of-network broadcast communication on adjacent channel services is within operating limits (less than 5% loss in average throughput).
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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
	[image: image7.emf]-120 -110 -100 -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: -46.98

Y: 1

Total received power (dBm)

Probability


Figure 6: BS blocking requirements – Total power received from aggressor system (D2D UEs) at victim BS over 10 MHz for general scneario, layout option 3 (outdoor drop)


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: Impact of adjacent channel network due to in-network D2D discovery was observed to be negligible in all scenarios simulated.

Observation 2: Impact of 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: RAN4 coexistence study should focus on in-network discovery and out-of-network broadcast communications.

Proposal 2: Use simulation assumptions listed in Table 1 through Table 5.

Proposal 3: It can be concluded that the impact due to in-network discovery on adjacent channel services is negligible as long as the D2D discovery resource allocation is small (less than 5%) with a low-duty cycle of allocation.
Proposal 4: It can be concluded that the impact due to out-of-network broadcast communication on adjacent channel services is within operating limits (less than 5% loss in average throughput).
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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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