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1.
Introduction

At RAN4#68bis and RAN4#69, 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]. This contribution presents preliminary D2D co-existence simulation results to illustrate the potential impact of D2D transmissions on co-located legacy LTE networks operating in a different bandclass.
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 these initial D2D co-existence simulations, the following main assumptions were made: 
· Drop 1 to 10 pairs of aggressor D2D UE’s per victim network macro cell
· The victim network has an inter-cell distance (ISD) of 500 meters

· Both D2D aggressor and legacy victim networks are FDD

· D2D is 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)

· D2D propagation model – based on TDD iMTA spec TR36.828

· Outdoor UE to Outdoor UE

- If R<=50m;PL=98.45+20*log10(R),R in km
- If R>50m;PL=40log(R)+175.78 R in km (Xia model)
· Indoor UE’s as per HUE to HUE models of TR36.814
Additional details on the D2D co-existence assumptions are consistent with the assumptions defined in Appendix A of [6].
3.          Simulation Results
Figures 2, 3 and 4 below show plots of the calculated percentage UL throughput loss as a function of the adjacent channel interference ratio (ACIR), for 1, 3 and 5 simultaneous D2D users per victim cell. 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 without power control considered and the degradation is quite severe for even a modest number of 5 simultaneous D2D users. At a typical UE ACIR of 33 dB the average UL throughput loss is on the order of 3% to 15% and the loss in UL throughput for 5%-tile users varies from 10% up to 40%. 
Figure 5 illustrates the average throughput loss for a more severe case of 10 D2D transmissions and compares it to the baseline co-existence throughput loss from legacy LTE aggressor network to a co-located legacy victim LTE network (red curves). In this case the throughput loss for an average user is close to 55% for an ACIR of 33 dB. Note that the baseline co-existence throughput loss is less than 2%.
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Figure 2: UL average throughput loss with D2D as an out-of-coverage aggressor and an LTE legacy network as a victim on the UL with 1 D2D transmission per victim network cell.
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Figure 3: UL average throughput loss with D2D as an out-of-coverage aggressor and an LTE legacy network as a victim on the UL with 3 simultaneous D2D transmissions per victim network cell.
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Figure 4: UL average throughput loss with D2D as an out-of-coverage aggressor and an LTE legacy network as a victim on the UL with 5 simultaneous D2D transmissions per victim network cell.
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Figure 5: UL average throughput loss with D2D as an out-of-coverage aggressor and an LTE legacy network as a victim on the UL with 10 D2D transmissions. The baseline throughput loss from the aggressor network with non-D2D transmissions is also shown.
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Discussion and Conclusions
Based on the above simulation results it can be seen that even for a modest number of up to 5 D2D transmissions per cell from a co-located aggressor network into a victim legacy LTE network, that the uplink transmissions of the legacy LTE network could be severely impacted by the D2D transmissions from the aggressor network.
Observation

For a modest number of up to 5 D2D transmissions from a co-located aggressor network into a victim legacy LTE network, the uplink transmissions of the legacy LTE networkt could experience an average UL throughput loss on the order of 3% to 15% and a loss in UL throughput for 5%-tile users  from 10% up to 35%.

Proposal

In order to ensure D2D capabilities can successfully be adopted in LTE, it is proposed that RAN4 studies 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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