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1.
Introduction

At the RAN4#71 meeting the issue of UE-to-UE coexistence for device-to-device (D2D) public safety communication  continued to be investigated for in-coverage, out-of-coverage and partial coverage use cases defined for both for inter-device and intra-device interference [1]. D2D co-existence simulation results were presented for D2D public safety communication in the context of public safety scenarios to illustrate the potential impact of aggressor D2D public safety transmissions on co-located legacy LTE networks operating in adjacent band classes. In addition further details of the D2D coexistence assumptions to be employed were agreed to in [2]. Furthermore in RAN1#77 it was also agreed that open loop power control would be employed for D2D in-coverage discovery scenarios [3].

In this context this contribution presents additional co-existence simulation results for D2D public safety communications employing D2D power control to illustrate the potential impact of aggressor D2D public safety transmissions on co-located legacy LTE networks operating in adjacent band classes.
2.
D2D Interference Simulation Scenarios and Assumptions
Figure 1 below illustrates the conceptual layout of the D2D aggressor network relative to the victim legacy LTE network, as previously described in [6]. In this context an uplink scenario is employed with the aggressor D2D transmissions possibly out-of-coverage with respect to its own network and in-coverage with respect to the co-located victim LTE network.
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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 [13]. In this contribution, D2D public safety communications scenarios have been investigated to quantify the throughput degradation to legacy victim networks in the presence of aggressor D2D network public safety communications transmissions. The main simulation assumptions are noted below.
· Broadcast use cases as per TR36.843 [12] and detailed in [13].
· 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
· The D2D UE transmits at full  power ( i.e. uses max power of 31 dBm for public safety scenarios) unless the D2D UE is power controlled.
· The D2D propagation model is defined as per TR36.843 [12].
· As per [3] open loop power control has been assumed for in-coverage aggressor D2D transmissions based on the pathloss of the transmitting D2D device to the serving eNB.
3.          Simulation Results
In this section simulation results are provided for the following public safety use cases defined in [2] both with and without the aggressor D2D power control model defined in [3]:
1. Public safety – Option 5: Urban macro (1732m ISD), uniform (outdoor) drop both with and without D2D power

Figures 2, 3, and 4 below provide 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; 6 broadcast VoIP users; as well as 12 VoIP users respectively. Plots are shown for the percentage average throughput loss and the percentage loss for the 5%-tile users. It should be noted that the results in Figure 4 for 12 transmitting D2D users in the public safety communications scenario are not part of the agreed simulation assumptions, but are provided for information to highlight the sensitivity of the co-existence performance in adjacent bands to increasing numbers of D2D transmissions. In these plots power control scheme PC1 or PC2 (as indicated) has been assumed for both the legacy WAN UEs and D2D UE’s in the aggressor and victim networks.
From the figures, it can be seen that the target average throughput loss of approximately 5% for an ACIR of 30 dB is met for 3, 6 and 12 simultaneous public safety D2D transmissions if D2D power control is employed. However the 5%-tile throughput loss exceeds the 5% target even if D2D power control is employed.  This is due to the fact that for the public safety option 5 scenarios the ISD of the cells is 1732 m, resulting in devices in the aggressor network that are near the cell edge of the serving network transmitting with close to maximum power. If these aggressor UE’s are close to the victim eNB a severe near-far problem can be created. The use of power control in this case only marginally helps, since the D2D UE’s will still transmit at a high power even with power control.

The results from the above figures are summarized in Table 1 of section 4, as well as additional corresponding results with D2D and/or WAN UEs employing power control schemes PC1 or PC2 as indicated.
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Figure 2: 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 unicast per cell are assumed and legacy WAN UEs employ power control scheme PC1 and D2D UE’s power control scheme PC1; non-aligned.
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Figure 3: 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, 6 simultaneous D2D VoIP unicast per cell are assumed and legacy WAN UEs employ power control scheme PC1 and D2D UE’s power control scheme PC1; non-aligned.
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Figure 4: 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 per cell are assumed and legacy WAN UEs employ power control scheme PC2 and D2D UE’s power control scheme PC2; 
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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 public safety 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
	WAN Power Control Setting
	D2D Power Control Setting
	Average throughput loss [%] at 30 dB ACIR
	5%-tile throughput loss [%] at 30 dB ACIR

	Public Scenario option 5; 

3 broadcast VoIP users (outdoor)
	PC1
	none
	1.9
	27

	
	PC1
	PC1
	1
	13.5

	
	PC2
	none
	2.1
	29

	
	PC2
	PC2
	1
	12

	Public Scenario option 5; 

3 groupcast  and 3 broadcast VoIP users (outdoor)
	PC1
	none
	2.5
	35

	
	PC1
	PC1
	1
	15

	
	PC2
	none
	2.5
	46

	
	PC2
	PC2
	1.1
	12.7

	Public Scenario option 5; 

12 unicast VoIP users (outdoor)
	PC2
	none
	3.8
	>50

	
	PC2
	PC2
	1
	16

	
	PC1
	none
	3.9
	57

	
	PC1
	PC1
	1.1
	14.7


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

Observation #1
For the public scenario option 5, the average throughput degradation meets the target of 5% both with and without D2D power control. 
Observation #2
For the public scenario option 5, the 5%-tile throughput loss does not meet the target 5% loss even with D2D power control.
Proposal

In order to ensure that public safety D2D capabilities can successfully be adopted in LTE, it is proposed that RAN4 recommend that the maximum number of simultaneous public safety D2D transmissions be restricted to 6 and that power control of D2D transmissions be supported for in-coverage D2D transmissions.
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