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1.
Introduction

At RAN4#69bis the issue of UE-to-UE coexistence for device-to-device (D2D) communications for in-coverage, out-of-coverage and partial coverage use cases were identified both for inter-device and intra-device interference [1], [2], [3]. At RAN4#70, preliminary simulation results were presented in [7]. In [8] a way forward was agreed to as a basis of the simulation assumptions for D2D co-existence with adjacent band legacy LTE systems. Based on the agreed D2D WI description [9] and further off-line discussions, preliminary simulation assumptions have been defined in [10]. This contribution presents D2D co-existence simulation results to illustrate the potential impact of aggressor D2D transmissions on co-located legacy LTE networks operating in adjacent band classes.
2.
D2D Interference Simulation Scenarios and Assumptions
Based on the discussion in [6] an uplink scenario with the aggressor D2D transmissions out-of-coverage with respect to their own network and in-coverage with respect to the co-located victim LTE network was chosen to be evaluated from a D2D co-existence perspective as is illustrated in Figure 1.  
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Figure 1: Scenario for D2D as an out-of-coverage aggressor and an LTE legacy network as a victim on the UL. It is assumed that there is no synchronization between the D2D and legacy networks. 

In this scenario the D2D transmission from UE “B” is targeted to UE “C” but will also potentially interfere with the transmission from UE “A” to the co-located legacy LTE network eNB, if the ACLR and ACS protection is not sufficient.

For the D2D co-existence simulations results provided in this contribution, the assumptions are as defined in [8] and [10], in which the D2D assumptions are based on Appendix A of TR36.843 [12] and co-existence assumptions are based on TR36.942 [11]. In this contribution, D2D communications scenarios have been investigated to quantify the throughput degradation to legacy victim networks in the presence of aggressor D2D networks. The main simulation assumptions are noted below.
· Broadcast, groupcast and unicast use cases as per TR36.843 [12].
· Both the D2D aggressor and legacy victim networks are FDD

· D2D transmissions in the aggressor network are unsynchronized with the victim network
· D2D transmissions are TDM’d on the FDD UL
· Pairing of D2D UE’s per drop are randomly selected 
· The D2D UE transmits at full  power ( i.e. uses max power of 23 dBm with no power control for general scenarios and 31 dBm for public safety scenarios)
· D2D transmissions are assumed to not be synchronized between cells in the aggressor network.
· The D2D propagation model is defined as per TR36.843 [12].
3.          Simulation Results
Figures 2, 3, 4 and 5 below provide plots of the simulated UL percentage throughput loss for general scenario option 1 as a function of the adjacent channel interference ratio (ACIR), for 3 broadcast VoIP users; 3 broadcast and 3 groupcast VoIP users; 12 unicast VoIP users and a combination of 3 broadcast, 3 groupcast and 12 unicast VoIP users respectively. Plots are shown for the average throughput percentage loss and the percentage loss for the 5%-tile users. It can be seen that the target throughput loss of approximately 2% for an ACIR of 33 dB is exceeded for all the cases and the degradation varies from 2.5% to 12% for the average throughput loss and 6% to 26% for the 5%-tile throughput loss.
Similarly figures 6, 7, 8 and 9 show plots of the simulated UL percentage throughput loss for public scenario option 5 as a function of the adjacent channel interference ratio (ACIR), for 3 broadcast VoIP users; 3 broadcast and 3 groupcast VoIP users; 12 unicast VoIP users and a combination of 3 broadcast, 3 groupcast and 12 unicast VoIP users respectively. Plots are shown for the percentage average throughput loss and the percentage loss for the 5%-tile users. It can be seen that the target throughput loss of approximately 2% for an ACIR of 33 dB is met for average throughput loss in Figures 6 and 7 but exceeded for the 5%-tile throughput loss (6% to 26%).
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Figure 2: UL average throughput loss with D2D as an out-of-coverage aggressor as per option 1 of the general scenario and an LTE legacy network as a victim on the UL. In the aggressor cell, 3 simultaneous D2D VoIP broadcast transmissions per cell are assumed.
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Figure 3: UL average throughput loss with D2D as an out-of-coverage aggressor as per option 1 of the general scenario and an LTE legacy network as a victim on the UL.  In the aggressor cell, 6 simultaneous D2D VoIP transmissions (3 broadcast and 3 groupcast) per cell are assumed.
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Figure 4: UL average throughput loss with D2D as an out-of-coverage aggressor as per option 1 of the general scenario and an LTE legacy network as a victim on the UL.  In the aggressor cell, 12 simultaneous unicast D2D VoIP transmissions per cell are assumed.
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Figure 5: UL average throughput loss with D2D as an out-of-coverage aggressor as per option 1 of the general scenario and an LTE legacy network as a victim on the UL.  In the aggressor cell, 18 simultaneous D2D VoIP transmissions (3 broadcast, 3 groupcast and 12 unicast) per cell are assumed.
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Figure 6: UL average throughput loss with D2D as an out-of-coverage aggressor using the public safety option 5 scenario and an LTE legacy network as a victim on the UL. In the aggressor cell, 3 simultaneous D2D VoIP broadcast transmissions per cell are assumed.
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Figure 7: UL average throughput loss with D2D as an out-of-coverage aggressor using the public safety option 5 scenario and an LTE legacy network as a victim on the UL. In the aggressor cell,  simultaneous D2D VoIP transmissions (3 broadcast and 3 groupcast)  per cell are assumed.
[image: image8.emf]15 20 25 30 35 40 45

0

10

20

30

40

50

60

70

80

90

100

ACIR [dB]

UL Throughput Loss (%)

ACIR vs Throughput Loss

 

 

avg loss agg

5 percent agg


Figure 8: UL average throughput loss with D2D as an out-of-coverage aggressor using the public safety option 5 scenario and an LTE legacy network as a victim on the UL. In the aggressor cell, 12 simultaneous D2D VoIP unicast transmissions per cell are assumed.
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Figure 9: UL average throughput loss with D2D as an out-of-coverage aggressor using the public safety option 5 scenario and an LTE legacy network as a victim on the UL. In the aggressor cell, 18 simultaneous D2D VoIP transmissions (3 broadcast, 3 groupcast and 12 unicast) per cell are assumed.
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Discussion and Conclusions
The throughput loss due to D2D aggressor network co-existence with adjacent band legacy LTE victim networks for the D2D communications scenarios investigated is summarized in Table 1 below. 
Table 1: Summary of Victim Network Throughput loss due to Aggressor D2D Co-existence
	Co-existence Scenario
	Average throughput loss [%]
at 33 dB ACIR
	5%-tile throughput loss [%]
at 33 dB ACIR

	General Scenario option 1; 

3 broadcast VoIP users
	2.5
	6

	General Scenario option 1; 

3 groupcast  and 3 broadcast VoIP users
	4
	12

	General Scenario option 1; 

12 unicast VoIP users
	8
	22

	General Scenario option 1; 

3 groupcast, 3 broadcast and 12 unicast VoIP users
	12
	26

	Public Scenario option 5; 

3 broadcast VoIP users
	2
	6

	Public Scenario option 5; 

3 groupcast  and 3 broadcast VoIP users
	2
	8

	Public Scenario option 5; 

12 unicast VoIP users
	3
	16

	Public Scenario option 5; 

3 groupcast, 3 broadcast and 12 unicast VoIP users
	4
	18


From the summary in Table 1, the following observations can be made

Observation #1
For the general scenario option 1, both the average throughput degradation and 5%-tile throughput degradation exceed the 2% loss target for all cases considered, with the degradation varying from 2.5% to 12% for the average throughput loss, and 6% to 26% for the 5%-tile throughput loss.
Observation #2
For the public scenario option 5, the average throughput degradation meets the target of 2% for the use cases with 3 broadcast VoIP users and a combination of 3 groupcast and 3 broadcast VoIP users. However the 5%-tile throughput loss varies from 6% to 18%. 
Proposal

In order to ensure that D2D capabilities can successfully be adopted in LTE, it is proposed that RAN4 continue to study in more detail the co-existence impacts of D2D transmissions on co-located legacy LTE networks with an objective of identifying interference mitigation approaches if necessary.
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