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1. Introduction

This paper addresses frequency reuse issue for D2D broadcast communications. Efficient radio resource utilization and spatial reuse is critical for D2D communications. On one hand, it is desirable to have as many concurrent D2D communications for better spatial reuse. On the other hand, dense concurrent transmission leads to increasing interference condition. Interference may lead to communications performance degradation. In this paper, simulations results are provided for understating the frequency reuse issue and the 1-to-many D2D communications performance. 
The report is organized as follow. We introduce our simulation methodology at first. Second, we study the result for frequency reuse of D2D broadcast communication with only one subchannel. Then, the simulation result of multiple subchannel case is presented. We give a brief conclusion in next section. 
2. Simulation Methodology 
We simulate Option 1 as the main public safety scenario, with uniform outdoor case. Some detailed settings, which are configured according to document [1], are provided in the Table.1.

The goal of the simulation is to evaluate the reception of 1-to-many D2D communications in various spatial reuse densities. We change the number of D2D transmitters which are responsible for broadcasting, to see how do they influence the SINR and signal strength of other D2D UE receivers. 
Table 1：Simulation Parameters
	Simulation Scenario
	Option1 with uniform outdoor case

	System BW
	10MHz

	Carrier Frequency
	2GHz

	No. of sites
	19

	No. of sectors per site
	3

	No. of subchannel
	1, 3, 6, 12

	ISD
	500m

	D2D UE load
	25UE/sector

	D2D Tx Power
	23dBm 

	MCS
	QPSK 1/2

	Minimum association RSRP for D2D communication (X) (baseline)
	-112dBm

	Minimum SINR for QPSK 1/2 
	5.5dB, 0dB

	Path loss and Fading
	WinnerⅡ+ B1 , See Reference[1]


In the simulation, the communication performance of D2D 1-to-many transmission is considered. Different reuse density settings are investigated by adjusting the number of concurrent transmission per sector. The performance metric under consideration is the average successful receiving ratio. A transmission is considered to be successful when both the minimum RSRP requirement and the minimum SINR requirement are met. QPSK 1/2 is applied for D2D communications. For successful reception, the received RSRP is greater than -112 dBm and the received SINR is greater than 5.5dB. 
In each sector, totally 25 receiving D2D UEs are dropped randomly following the uniform distribution.  In addition, X D2D UEs are dropped in each sector randomly following the uniform distribution. The transmitter density X varies in different simulation runs to investigate how the number of concurrent transmission affects the reception ratio.  In the current simulation, other D2D 1-to-many group formation and association is FFS.
We also take the number of subchannel into consideration. The frame structure is as Fig.1. We change the number of subchannel to see how it affects the performance of D2D communication with different transmitter densities. In simulation, we randomly assign each transmitter to the selected channel. We assume that only transmitters in the same subchannel affect each other. Besides, we concentrate the transmission power on the chosen subchannel. According to 3GPP LTE standard, we use 6PRBs for each subchannel and do our simulation with 1, 3, 6, 12 subchannels respectively.
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Figure 1:  The frame structure we use for simulation

3. Simulation results for D2D broadcast communication with single subchannel
Figure 1 shows the successful receiving ratio with different number of D2D transmitter per sector. With the increasing number of D2D transmitter from 1 to 4, we can observe the successful receiving ratio increases. When the number of D2D transmitter per sector is 5 or more, the successful receiving ratio decreases as the number of transmitters per sector increases. In the Option 1 simulation setting, it is observed that 4 concurrent transmission per sector lead to the best successful reception ratio. 
Note that the simulation is conducted under the assumption that a receiving D2D UE will listen to the transmitting D2D UE with the strongest signal strength. When application based D2D group formation or other association rules apply, a receiving D2D UE might be further away from its transmitting D2D UE; as a result, the receiving signal quality and thus successful receiving ratio might be worse. 
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Figure 2: Average successful receiving ratio with different transmitter density (transmitter number per sector)
Observation 1：Comparing 1-per-sector frequency reuse, 4-per-sector frequency reuse increases successful receiving ratio due to more opportunities to reach a link with better link quality.

Observation 2：For 1-per-sector frequency reuse in scenario 1, noise dominates performance instead of interference.

As observed in Figure 2, the D2D transmitter density affects the successful reception ratio. When there are only a few D2D transmitters, the distance between a D2D transmitter and a D2D receiver is expected to be greater. In this case, the signal strength will be low because the path loss is expected to be high when receivers are farther away from transmitters. The probability that the minimum RSRP is satisfied is low when the D2D transmitter number is low in each sector.
Observation 3: When D2D transmitters are sparsely located, signal strength is poor due to long distance between transmitter and receiver. 

When there are many D2D transmitters around a UE, the number of interference sources and the interference level increase. In this dense deployment scenario, interference dominates performance. The probability that the minimum SINR is satisfied is low when the D2D transmitter number is high in each sector. 
Observation 4: When D2D transmitters are densely located, SINR value is poor due to strong interference from nearby transmitter

From the previous two observations, in a given channel, the number of concurrent D2D transmitter affects the successful receiving ratio. Similar effect might be observed in the multi-channel case when concurrent D2D transmissions are allocated in different channels. The frequency reuse and channel allocation affect the interference and successful reception. 
Observation 5: Frequency reuse setting might affect 1-to-many D2D communications performance significantly

In the simulation results shown in this paper, a D2D receiver listens to the strongest signal sent by a D2D transmitter. However, in realistic public safety usage cases, a D2D receiver might not be interested in listening to a nearby D2D transmitter (e.g. a police officer might not be interested in receiving a message from a nearby fire fighter announcement). There might be different 1-to-many grouping rules in different public safety application scenarios. Due to the strongest signal association, the reception ratio results shown in this paper is likely the best case scenario. According to different grouping or association rules, a D2D receiver might listen to a D2D transmitter farther away, which leads to weaker signal strength and worse SINR value. The performance of different grouping or association rules is FFS. 

Observation 6: Group formation setting might affect 1-to-many D2D communications performance. Performance of D2D 1-to-many group formation is FFS. 
4. Simulation results for D2D broadcast communication with multiple subchannel
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Figure 3: Average successful receiving ratio with different number of subchannel
We can observe that when the number of subchannel increases, the successfully received ratio increases, too. Also, when the number of subchannel increases, the number of transmitters for achieving the best successfully received ratio becomes larger.  
Besides, we observed that while the number of subchannel becomes larger, the number of transmitters to achieve the peak successfully received ratio is larger, too. We assume that it is because  the increase in number of subchannel lowers the probability of using the same channel , which leads to lower interference from other transmitters. Thus, we can set more transmitters in the sector to achieve better successfully received ratio with multiple subchannels.
Observation 7: Comparing to single subchannel frequency reuse case, multiple subchannel frequency reuse case increases successful receiving ratio due to more opportunities to choose different subchannels, and thus leads to lower interference.

Observation 8: With larger number of subchannels, it also leads to an increasing number of transmitters that achieves highest successfully receiving ratio.
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Figure 4: PDF of successfully received TXs number for 12 TXs in different number of subchannel case
We can study from Fig. 4 that when we use multiple subchannel for transmission, RXs have higher probability to heard more TXs. It is because that multiple subchannel transmission decreases the interference resulted from TXs choosing the same subchannel. Thus, RXs can receive more transmissions from multiple TXs using the different subchannels.
Besides, we also use different SINR threshold for simulations (5.5dB and 0dB). The RXs in 5.5dB case received fewer TXs compared to 0dB case due to the higher restriction of SINR threshold.
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Fig. 5 Number of average successfully received TXs per RX for 12 TXs in different number of subchannel case 
We can study from Fig. 5 that with fixed number of TXs (i.e. 12 TXs), when we increase the number of subchannels, the number of average successfully received TX per RX grows larger. Furthermore, if the restriction on the SINR threshold is higher, the RX can hear fewer TXs.
5. Conclusions
This paper discusses frequency reuse for 1-to-many D2D communication. A new insight is that frequency reuse 1 may not achieve the best performance for broadcast scenario due to noise limited scenario. This will facilitate our D2D resource allocation in the future.
Observation 1：Comparing 1-per-sector frequency reuse, 4-per-sector frequency reuse increases successful receiving ratio due to more opportunities to reach a link with better link quality.

Observation 2：For 1-per-sector frequency reuse in scenario 1, noise dominates performance instead of interference.

Observation 3: When D2D transmitters are sparsely located, signal strength is poor due to long distance between transmitter and receiver
Observation 4: When D2D transmitters are densely located, SINR value is poor due to strong interference from nearby transmitter

Observation 5: Frequency reuse setting might affect 1-to-many D2D communications performance significantly

Observation 6: Group formation setting might affect 1-to-many D2D communications performance. Performance of D2D 1-to-many group formation is FFS
Observation 7: Comparing to single subchannel frequency reuse case, multiple subchannel frequency reuse case increases successful receiving ratio due to more opportunities to choose different subchannels, and thus leads lower interference.
Observation 8: With larger number of subchannesl, it also leads to an increasing number of transmitters that achieve highest receiving ratio.
Observation 9: Inter-sector frequency reuse will be followed up.
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