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1. Introduction

This paper highlights the RF blocking effect of the FDM based discovery signal. In [1], it showed that from the aspect of coverage FDM based discovery signal is more promising than TDM based discovery signal. However, RF blocking effect of FDM based discovery signal resulted in the detection loss when detecting discoveree UEs. The evaluation of the RF blocking effect in terms of the detection loss was provided in this paper. As a treatment, the timing-group based resource allocation is introduced to eliminate the RF blocking effect. In the simulation results, we also discovered the coverage expansion with the timing-group based resource allocation. The random based resource allocation also showed the advantage of its diversity in some simulation cases.
2. RF blocking effect in discovery 
2.1. FDM-based radio resource allocation for discovery signals
Figure 1 illustrates FDM-based resource allocation. Discovery signals are multiplexed in frequency domain within a discovery period. This kind of resource allocation has been discussed in many companies’ contributions including PUSCH, PUCCH, RACH, SS approaches, etc. The FDM provides coverage for D2D discovery signal. [1] analyzes coverage based on the bandwidth of discovery signal. Considering 20MHz for LTE system bandwidth, if 1PRB (180kHz) is used, 20dB link budget gain per resource element (RE) could be easily achieved comparing to 20MHz total bandwidth utilized by one UE, i.e. TDM-based approach. When we consider 1km coverage, FDM-based resource allocation easily provides 20 dB gain to link budget when 1 PRB radio resource usage is considered.
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Figure 1: FDM-based resource allocation.
2.2. Evaluation of RF blocking in detecting discovery signals with FDM-based radio resource allocation
In detecting the discovery signals, some D2D discoverees may not be discovered due to the threshold settings. This is referred to as RF blocking effect.  In this section, we illustrated the impact of RF Blocking in terms of the average number of Tx detected by an Rx. With four different scales of RF Blocking, i.e. No blocking, 30 dB, 20 dB and 10 dB, we revealed the descending trend of the average number of Tx detected by an Rx in different Tx Power backoff settings. 

In detail, under the condition of no Tx power backoff, observed in Figure 2 that the average number of Tx detected by an Rx with no RF blocking (red curve) is around 130 in average. By setting the RF blocking of the D2D discoveree to 30 dB (the peak tx power to threshold), the average number of Tx detected by an Rx is reduced to around 80 in average, which is about 38% loss due to RF blocking. By further setting the RF blocking to 20 dB, the average number of Tx detected by an Rx is reduced to around 45 in average, which is about 65% loss due to RF blocking. By further setting the RF blocking to 10 dB, the average number of Tx detected by an Rx is reduced to around 15 in average, which is about 88% loss due to RF blocking. Table 1 listed the observation of the detection loss due to RF blocking without power backoff.
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Figure 2: Average Device Number of Tx detected by an Rx with Power Backoff 0dB
Table 1: Detection loss due to RF blocking under Power Backoff 0dB
	
	No RF Blocking
	30 dB RF Blocking
	20 dB RF Blocking
	10 dB RF Blocking

	Detection loss
	0%
	38%
	65%
	88%


Observation 1: The increasing detection loss of the D2D discoveree is observed when the RF Blocking impact is severer. 
With 5dB power backoff, observed in Figure 2 that the average number of Tx detected by an Rx with no RF blocking is around 55 in average. By setting the RF blocking of the D2D discoveree to 30 dB, the average number of Tx detected by an Rx is reduced to around 45 in average, which is about 18% loss due to RF blocking. By further setting the RF blocking to 20 dB, the average number of Tx detected by an Rx is reduced to around 28, which is about 49% loss due to RF blocking. By further setting the RF blocking to 10 dB, the average number of Tx detected by an Rx is reduced to around 13, which is about 76% loss due to RF blocking. Table 1 listed the observation of the detection loss due to RF blocking with power backoff equal to 5 dB.
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Figure 3: Average Device Number of Tx detected by an Rx with Power Backoff 5dB
Table 2: Average Device Detection loss due to RF blocking under Power Backoff 5dB
	
	No RF Blocking
	30 dB RF Blocking
	20 dB RF Blocking
	10 dB RF Blocking

	Detection loss
	0%
	18%
	49%
	76%


With 10dB power backoff, observed in Figure 4 that the average number of Tx detected by an Rx with no RF blocking is around 23 in average. By setting the RF blocking to 30 dB, the average number of Tx detected by an Rx is reduced to around 17 in average, which is about 26% loss due to RF blocking. By further setting the RF blocking to 20 dB, the average number of Tx detected by an Rx is reduced to around 15, which is about 35% loss due to RF blocking. By further setting the RF blocking to 10 dB, the average number of Tx detected by an Rx is reduced to around 10, which is about 56% loss due to RF blocking. Table 1 listed the observation of the detection loss due to RF blocking with power backoff equal to 10 dB.
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Figure 4: Average device number of Tx detected by an Rx with power backoff 10dB
Table 3: Average device detection loss due to RF blocking under power backoff 10dB
	
	No RF Blocking
	30 dB RF Blocking
	20 dB RF Blocking
	10 dB RF Blocking

	Detection loss
	0%
	26%
	35%
	56%


In Table 2, Table 3 and Table 4, we discovered the detection loss of the D2D discoveree in all levels of RF Blocking in all levels of power backoff settings.
Observation 2: The detection loss of the D2D discoveree induced from RF Blocking is observed in all levels of power backoff settings. 

3. RF blocking effect in discovery with timing group based resource allocation
3.1. Timing-group based resource allocation
Timing group is introduced to mitigate the RF blocking issue appeared in the FDM based discovery signal. Figure 8 plots an exemplary resource allocation. Each discoveree UE transmits discovery signal in the allocated timing group. Within each timing group, a limited transmission timing difference is guaranteed. Receiver could just synchronize with the associated timing and no major timing advance among different users to appear. Figure 9 further shows that a discovery UE receives discovery signals from each timing group. These discoveree UEs are close-by. Therefore, similar received timing and less power fluctuation among discovery signals could be achieved. Timing group based resource allocation could be considered into our simulation baseline to mitigate power fluctuation and timing advance effect.
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Figure 8: An Exemplary Resource Allocation for Various Timing Group
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Figure 9: A D2D discovery UE recevies discovery from different D2D UE groups
3.2. The evaluation of RF blocking effect in discovery with timing-group based resource allocation

In this section, we provided the evaluation of RF blocking effect with timing-group based resource allocation and random resource allocation as a comparison study.
3.2.1 UE Dropping Layout 

The UE dropping layout adopted in the paper is illustrated in Figure 10. We considered option 1 as our baseline performance evaluation scenario. Each cell consists 5 UEs with 80% indoor UEs. The timing-group based resource allocation is applied to 3 cells in the neighborhood.  In the simulation, we scheduled 15 UEs in each subframe to demonstrate the RF blocking effect with timing-group based resource allocation. The detail parameter settings were listed in the Appendix 6.1.
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Figure 10: UE Dropping layout, timing-group based resource alloaction applied to 3 neighborhood cells with 15 UEs in each subframe.
In Figure 11, we showed that the discovery using scheculed resource alloaction experinced less RF blocking impact compared to the discovery using random resouce allocation. 
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Figure 11: The RF blocking effect of random and scheduled resource allocation with power backoff 0dB
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Figure 12: The RF blocking effect of random and scheduled resource allocation with power backoff 5dB
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Figure 13:The RF blocking effect of random and scheduled resource allocation with power backoff 10dB
Observation 3: The scheculed resource alloaction introduced less RF blocking impact compared to the random resouce allocation in power backoff setting equal to 0 dB and 5 dB. 

Observation 4: When power backoff is equal to 10dB, we observed a set back of the schecduled resource allocation. The random resource allocation reveals a diversity gain in high power backoff setting.  

Observation 5: Timing group assisted resource allocation allows the same power backoff setting with less detection loss, larger number of Discoveree UEs detected  compared to random resource allocation. In other words, timing group assisted resource allocation can provide more coverage at the same level of power backoff settings.
Proposal 1: Timing group assisted resource allocation may be considered into simulation assumption.
Proposal 2: The random resource allocation reveals a diversity gain in high power backoff setting.  This effect could be taken in account in resource allocation.
4. Conclusions

This paper revealed the effect of RF blocking appeared in FDM based discovery signal. In the simulation we showed that the RF blocking resulted in the significant detection loss in D2D discovery. As a treatment, we introduce the time group assisted resource allocation, which could eliminate the RF blocking effect. For further observations and proposals, they are listed as follows:
Observation 1: The increasing detection loss of the D2D discoveree is observed when the RF Blocking effect impact is severer. 

Observation 2: The detection loss of the D2D discoveree suffered by RF Blocking effect is observed in all different power backoff settings.
Observation 3: The scheculed resource alloaction introduced less RF blocking impact compared to the random resouce allocation in all different scales of power backoff setting.

Observation 4: When power backoff is equal to 10dB, we observed a set back of the scheduled resource allocation. The random resource allocation reveals a diversity gain in high power backoff setting.  

Observation 5: Timing group assisted resource allocation allows the same power backoff setting with less detection loss, larger number of Discoveree UEs detected  compared to random resource allocation. In other words, timing group assisted resource allocation can provide more coverage at the same level of power backoff settings.
Proposal 1: Timing group assisted resource allocation may be considered into simulation assumption.
Proposal 2: The random resource allocation reveals a diversity gain in high power backoff setting.  This effect could be taken in account in resource allocation.
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6. Appendix
6.1. System-level Simulation Parameters 
Table A.1. System-level Simulation Parameters

	Path loss model
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where

· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m

· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB

· NLOS offset = -5 dB

	
	O2I
	LOS: PL_B1_tot(dout+din)+20.0+0.5(din
NLOS: PL_B1_tot(dout+din)+20.0+0.5(din-0.8(hMS,

where din for virtual indoor UE is 1.5m

	
	I2I
	PL = 43.3(log10(d) + 147.4

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

	Shadowing
	7 dB log-normal

	Noise Figure
	9 dB

	UE TX power
	23 dBm

	Minimum distance between UE and eNB
	>=35m

	Minimum distance between UEs
	>=3m

	Total number of UEs (including active UEs) for discovery per cell area
	6 (including 1 active UE)


