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1 Introduction
At the RAN#60 plenary meeting [1], the broadcast, groupcast and relay D2D communication modes were prioritized:

· Focus on broadcast D2D communication for the public safety use case, on the understanding that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication

· If possible, consider optimizations to enhance efficiency of the relay operation.

      Note that impact to existing operator services and resources is included in the evaluations. 
The parameters agreed by RAN1 WG for broadcast and group communication system level evaluation as well as performance metrics were captured in [2]-[3] and further clarified during offline discussion at the RAN1 e-mail reflector [4]

 REF _Ref363387733 \n \h 
[5]. It should be noted that at the moment, the simulation assumptions for D2D system level evaluations are distributed among multiple contribution documents, way forwards and RAN1 e-mail reflector discussions, that may cause different understanding of the agreed simulation parameters and thus it can be recommended to conduct calibration campaign to align agreed scenarios and check large scale propagation characteristics. 

Further in this contribution, we provide initial system level analysis and draw observations on D2D broadcast communication in prioritized public safety specific layouts.
2 System Level Analysis

In public safety use cases, the transmission range is one of the main performance factors, especially for broadcast applications. The transmission range (and thus the number of UEs that can successfully receive the broadcast signal) depends on the transmit power level. Therefore the transmission at the maximum power level can be considered as a reasonable assumption in out of network coverage scenarios. Note that other system level solutions such as relaying can be used to extend coverage, however those are out of the broadcast definition, that assumes single transmission at the physical layer.
For system level analysis of the peer-to-peer broadcast communication in out of network coverage scenarios, it was agreed [5] that 32 UEs are dropped per each cell area over 19 macro sites with 3 cells each. The 171 broadcasting nodes (transmitters) are randomly selected from all UEs within the entire 19 macro sites. The remaining receive UEs associate to the dropped transmitters if the received power from the transmitter exceeds -112dBm. The more detail description of the user association procedure can be found in [5]. For analysis of the out of coverage scenarios, it is assumed that there is no cellular infrastructure (eNodeBs). In order to simplify the initial analysis and assess the interference environment in idealistic conditions, we have assumed that synchronization is established between transmitter and associated receiver UEs and those transmitters are synchronized with each other. The UEs are assumed to transmit at the maximum power level equal to 23 dBm.
2.1 Statistical Analysis
In order to better understand the propagation conditions and expected interference environment in the broadcast scenarios we first analyze the geometry of the dropped UEs using the received power threshold defined in the evaluation methodology (RSRP = -112dBm). The number of nodes within the RSRP range is shown in Figure 1 to estimate the upper bound on the number of broadcast transmissions that can be decoded by the UE as well as the number of receivers that can decode the given transmission.
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	Figure 1. CDF of the number of TX and RX nodes within received power range -112 dBm seen by the receiver and transmitter nodes respectively



Observation 1:

· Scenarios with 100% outdoor UEs
· The number of receiver nodes within the -112dBm received power varies from 60 to 120. 

· The amount of the potential transmitters seen by the majority of receivers is in the range from 5 to 15.

· These scenarios can be considered as interference limited.

· Scenarios with 80% of indoor and 20% of outdoor UEs
· The number of receiver nodes within the -112dBm received power is reduced significantly 10-25.

· The amount of the potential transmitters seen by the majority of receivers is in the range from 0 to 8.

· These scenarios can be considered as interference limited, if proper resource orthogonalization is applied.

For proper resource orthogonalization, the level of coupling with the strongest neighbor TX interferer provides additional insights into the potential interference problem and areas of the overlapped transmission ranges. The Figure 2 shows the CDF of coupling levels with the strongest neighbor TX interferer.
	[image: image3.emf]-180 -160 -140 -120 -100 -80 -60 -40 -20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Pathgain, dB

CDF

Pathgain to the strongest neighbour TX

 

 

Hotspot (100% O)

Hotspot (80% I, 20% O)

Uniform (100% O)

Uniform IO mix (80% I, 20% O)



	Figure 2. CDF of pathgain between current TX and its strongest neighbor TX


Observation 2:

· Scenarios with 100% outdoor UEs almost do not have “isolated” transmitters, i.e. all transmitters have overlapped areas and thus may create significant interference to each other.
· Scenarios with 80% of indoor and 20% of outdoor UEs, there is about 20-40% of transmitters with non-overlapping areas (assuming that non-overlapping area condition is defined by -145 dB pathgain between transmitters).
2.2 Interference Environment Analysis

In this section, we analyze interference environment assuming that all transmitters operate simultaneously and transmit within the same 1 PRB allocation at the maximum transmission power level. The CDFs of the SINR values calculated assuming signal reception from the TX node with the minimum pathloss as well as reception of all transmissions with received power higher than -112 dBm are shown in Figure 3 on the right and left sides respectively. 
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	Figure 3. CDF of SINR for maximum power transmission in 1 PRB


Observation 3:

· Due to high interference 10-30% of UEs cannot receive even the best signal within RSRP range.
· The transmitters should use orthogonal spectrum resources in order to reduce the SINR outage problem and be able to receive data from multiple TXs.
2.3 Throughput Analysis

In this subsection, we provide initial analysis of the cell area average throughput and average amount of users covered by broadcast transmitters. For analysis, we assume that each broadcast transmitter has fixed data rate traffic and that receivers may potentially receive several traffic streams from different broadcast transmitters within the association range. The interference environment analysis and SINR statistics provided in the previous section has shown that orthogonal sharing of the spectrum resources is required in order to reduce the impact of mutual interference from active transmitters. Similar to our studies of the D2D groupcast scenarios presented in our companion contribution [7], we analyze performance of the fractional frequency reuse of the system spectrum. In particular, we assume that available bandwidth is divided into the set of the frequency channels of the predefined bandwidth. For analysis, we use the following set of frequency reuse factors 48(1 PRB), 24(2 PRBs), 16(3 PRBs), 12(4 PRBs), 8(6 PRBs), 6(8 PRBs), 3(16 PRBs), 2(24 PRBs), 1(48 PRBs). As a performance metrics we plot average amount of users that can receive the given data rate with the PER <= 0.1 and cell area average throughput which is defined as the sum throughput of all receivers within the given cell area averaged among multiple cell areas. The system level simulation results for the agreed user drops are shown in the next set of figures below. For analysis we compare two scenarios. The first one is when we assume standalone operation of the each dropped broadcast transmitter without any co-channel interference. These results can be considered as an upper bound. The second algorithm is a simple random assignment of resources. The third approach assumes greedy selection of the frequency channel with the minimum received power. The system level evaluation results are shown in the next set of figures.

	Uniform Drop (100% outdoor UEs)
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	Uniform Indoor-Outdoor mix drop (80% indoor, 20% outdoor)
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	Hotspot Drop (100% outdoor UEs)
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	Hotspot drop (80% indoors and 20% outdoors)
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	Figure 4: Cell area average throughput and average number of receivers covered per broadcast transmission.


Based on the analysis of the system level simulation results presented in Figure 4, we have following observations:

Observation 4
· Depending on the offered data rate the optimal reuse factor can be found.

· Greedy algorithm outperforms random assignment and provides improved performance.

· For low data rates, in the interference limited scenarios, the performance of greedy based resource orthogonalization approaches the upper bound, i.e. when no interference exists.

· For low data rates, the TTI bundling based mechanism may further improve performance.

3 Conclusions
In this contribution, the initial system level analysis of the broadcast communication in public safety specific scenarios is provided. The system level studies have shown that broadcast communication in PS out of network coverage scenarios is limited by interference from multiple PS broadcast transmitters that may operate simultaneously. It was shown that there is a high probability that multiple transmitters have overlapping transmission regions. In order to resolve the broadcast interference issues the performance of the greedy algorithm for resource selection was analyzed. It was shown that solutions based on analysis of the transmitter coupling and orthogonal frequency/time reuse provide substantial performance improvements. Current system level analysis has been conducted assuming the fixed data rate at each broadcast transmitter and different frequency reuse factors. Further evaluation is needed to take into account adaptive frequency and/or time reuse techniques as well as the effect of the in-band emission modeling on system performance.
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