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1 Introduction

At the RAN1 #74 meeting and e-mail discussions, there were some clarifications for updating D2D simulations. In this contribution, some results on the performance evaluation for broadcast communication are presented for voice traffic. It can be observed that with the current simulation methodology and requirement for group coverage, the system-level performance of broadcast is quite low, thus some enhancements are needed.
2 Simulation results
This section shows the system simulation results for D2D communication using the simulation assumptions listed in Table 1 in the Appendix. First, the D2D pairs are shown for uniform and cluster dropping. Then the SINR performance is investigated. 
2.1 D2D communication group association 
2.1.1 Uniform dropping

Figure 1 shows the D2D group association distribution with uniform dropping. 
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Figure 1. D2D group association  with uniform dropping, with RSRP threshold = -112dBm
Figure 2 shows the D2D group association distribution for a single cell (cell 0) with uniform dropping. As it can be seen, the D2D groups cover a wide geographical area, much larger than the coverage of a cell.
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Figure 2. D2D association pattern of cell 0 with uniform dropping, with RSRP threshold = -112dBm
Figure 3 shows the CDF of the number of D2D receiving node which could hear a given transmitting D2D UE (only the transmitting UEs within cell 0 are  taken into account). It is obvious that with the current assumptions, a given transmitter can be received by a large number of receivers: 50% of transmitters reach at least 86 receiving UEs. Consequently, a given receiving UE can receive signals from many transmitting UEs: 50% of UEs can receive at least signals from 8 UEs. As presented later, this creates an extremely high level of interference.
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Figure 3. The number of D2D transmitting, receiving node, uniform dropping, RSRP threshold = -112dBm
2.1.2 Cluster dropping

Figure 4 shows the D2D association distribution with cluster dropping. The observations are similar to uniform UE dropping.
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Figure 4. D2D association pattern with cluster dropping, with RSRP threshold = -112dBm
Figure 5 & 6 are similar with Figure 2 & 3 with different UE dropping (hotspot (cluster) dropping). The similar observations are achieved.
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Figure 5. D2D association pattern of cell 0 with hotspot dropping, with RSRP threshold = -112dBm
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Figure 6. The number of D2D transmitting and receiving node, hotspot dropping, RSRP threshold = -112dBm
Observations:
The broadcast groups overlap with each other, and each receiving UE can generally receive signals from many transmitting UEs. This overlapping creates a high level of interference, as shown below. 
2.2 D2D SINR distribution
The D2D SINR CDF with different UEs dropping and different traffic load are given in Figure 7&8.. It is clear that for most of cases, the SINR performance by following current simulation assumptions is unacceptable, with the vast majority of UEs receiving signals with negative SINR. The reason for this behavior is that a broadcast group can occupy a large area, spanning multiple cells. Broadcast groups are intertwined with each other. In addition, the received power is usually very low for most of the D2D UEs. This low received power combined with the high level of interference from the other broadcasting transmitters leads to unacceptably low SINR. 

[image: image9.png]CDF

SINR CDF, Broadcast, Unifarm, FE, Tiblk, interl, intra +

—— with inband emission
—— without inband emission

B0 &0 40 30 20 40 0 10 20 3 40
SINR/dE





[image: image10.png]CDF

SINR CDF Broadcast, Uniform drop, VolP

—+— WO.inband emission
—+— W.inband emission

ETE N
SINR(E)

0






(a) Full buffer
(b) VoIP
Figure 7. SINR of D2D-UE with different traffic load, with uniform dropping, with -112dBm RSRP threshold
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(a) Full buffer
(b) VoIP
Figure 8. SINR of D2D-UE different traffic load, with hotspot dropping, with -112dBm RSRP threshold
One possible solution is to use a tighter criterion for defining a broadcast group, by assuming that a UE is within a broadcast group only if the received power is larger than a higher RSRP value, say -80/-90/-100 dBm. In essence, this means that the UE would not attempt to decode signals received with a very low power. The corresponding results with tighter RSRP threshold are shown in Figure 9~14. Clearly the performance of broadcast communication is improved with the increase of threshold. As it can be seen, the SINR distribution is dramatically improved with a much lower fraction of UEs operating in negative SINR ranges. Thus, we suggest having a more practical value for the RSRP threshold determining membership to a broadcast group. The trade-off is a smaller broadcast group. However, in our view, it is better to have smaller broadcasting range with better quality.
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Figure 9. SINR of D2D-UE with different traffic load, with uniform dropping, with -80dBm RSRP threshold
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(a) Full buffer
(b) VoIP

Figure 10. SINR of D2D-UE different traffic load, with hotspot dropping, with -80dBm RSRP threshold
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(a) Full buffer
(b) VoIP

Figure 11. SINR of D2D-UE with different traffic load, with uniform dropping, with -90dBm RSRP threshold
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 (a) Full buffer
(b) VoIP

Figure 12. SINR of D2D-UE with different traffic load, with hotspot dropping, with -90dBm RSRP threshold
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 (a) Full buffer
(b) VoIP

Figure 13. SINR of D2D-UE with different traffic load, with uniform dropping, with -100dBm RSRP threshold
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Figure 14. SINR of D2D-UE with different traffic load, with hotspot dropping, with -100dBm RSRP threshold
Based on the simulations and analysis above, following observation and proposal are given:
Observation: when the broadcast group covers a wide geographical area (e.g., RSRP threshold is -112dBm), the performance is quite low. However, if the broadcast group is limited within a reduced region (e.g., increasing the RSRP threshold to -80dBm, -90dBm or -100dBm), the performance has an obvious improvement.
Proposal: use an improved RSRP threshold for meaningful broadcasting association.
3 Conclusion

In this contribution, D2Ds performance of broadcast is analyzed. Based on the agreed simulation assumptions, the evaluation results and the analysis show that the performance is unacceptable. We propose to use more stringent criteria for determining a broadcast group:
Observation: when the broadcast group covers a wide geographical area (e.g., RSRP threshold is -112dBm), the performance is quite low. However, if the broadcast group is limited within a reduced region (e.g., increasing the RSRP threshold to -80dBm, -90dBm or -100dBm), the performance has an obvious improvement.
Proposal: use an improved RSRP threshold for meaningful broadcasting association.
In addition, other solutions, such as relying on HARQ, as suggested in [1], can further improve performance.
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Appendix

Table 1. System level simulation parameters and assumptions

	D2D parameters

	Parameters
	Assumptions

	Layout
	Option5: Urban macro (1732m ISD)

	UE-pairing
	Random pairing:
Transmitter UE is randomly selected from all UEs within the entire 7 macro sites that are already not selected as transmitter UEs.
For each remaining UE (,i.e., UEs that are not transmitter) calculate the RSRP from each of the selected transmitter. If the RSRP is greater than -112/-100/-90/80dBm for a transmitter then associate the UE with the transmitter.

	Total number of UEs for communication per cell area
	32 UEs, Uniform drop (i.e., outdoor, option 2 of Scenario 5):

All UEs are randomly and uniformly dropped throughout the macro geographical area.
32 UEs, Hotspot drop (i.e., hotspot , option 3 of Scenario 5):

a. Randomly select an area within each macro geographical area.

b. Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.

c. Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell.

	Minimum distance between UEs
	( 3m

	Pathloss
	Winner + B1 with [0] dB offset for LOS and [-5]dB offset for NLOS.

PL_B1_tot = max(PLfreespace, PL_B1)

h_BS = h_MS = 1.5m

h_BS( = h_MS(= 0.8m

	LOS probability
	ITU UMi

	Inband emission modeling
	36.101, and  {3,6,3,3}dB for W,X,Y,Z

	Traffic model
	VoIP

	General parameters

	Parameters
	Assumptions

	Carrier Frequency(GHz) 
	0.7

	System bandwidth (MHz) 
	10MHz (FDD)

	UE RF parameters 
	Max Tx power of 23 dBm,
Antenna gain 0 dBi, Noise figure 9 dB 

	Total number of active UEs per cell area
	10, uniformly distributed 

	UE inband emission modeling
	36.101, and  {3,6,3,3}dB for W,X,Y,Z

	eNodeB RF parameters
	As specified in 3GPP case 3

	Macro to cellular-UE channel model
	ITU RMa

	Traffic model
	FB


























































































































