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1. Introduction
At RAN1 #72bis meeting, Device to Device (D2D) Proximity Services (ProSe) scenarios and evaluation methodology were discussed. Companies managed to reach some agreements, which mainly addressed the skeleton frame of the scenarios and performance metrics.
In this contribution, we share our views on the D2D discovery enhancement in a power-efficient manner. Although there are remaining details of evaluation methodology and channel models to be resolved, we would like to present some preliminary evaluation results to assist the analysis of D2D discovery procedure and performance. Basically, the discussion involves both Public Safety (PS) and non-PS scenarios. Since currently it is not so clear what is the most crucial and specific requirement for Public Safety (PS) scenario, we can further discuss whether the analysis still holds for PS scenario.
2. Discussion and analysis
2.1. On Discovery Signal sequence
Current reference signal, synchronization signal or preamble sequence could be a starting point for the investigation of discovery signal (DS) design. 
If the D2D transmission is using the UL resource, using UL SRS, DmRS, or preamble sequence as DS has the advantage of little specification impact. In addition, smooth incorporation to the UE implementation as transmitter is another benefit. However, from the detector point of view, it may not be so easy to efficiently detect the proximity users, in practice, if they are not relatively well time-aligned. This could be more obvious when a UE tries to detect other UEs, who are synchronized to a different eNodeB in FDD system.
Regarding the current synchronization signal, PSS/SSS has the similar design motivation with that of DS. If reusing PSS/SSS, the detector would be implemented based on the current cell detection algorithm. One disadvantage is that one UE may be confused and cannot identify whether the detected peak represents a cell or a UE if without any context, especially in TDD system and for a UE out of network coverage. Hence, some enhancement to address this issue could be further considered.
Although PSS/SSS is tentatively utilized for D2D discovery evaluation in this contribution, we are open to further study on the choice of DS sequence.

It is desirable that a unified Discovery Signal (DS) design be applied in both non-PS and PS scenarios, unless the target requirements of each use case could see large enough difference. 
2.2. On Discovery Signal transmission and detection 
Considering the limited calculation and power capability of UE, it is worthwhile to discuss the principle of DS transmission and related procedure, e.g. resource arrangement and power control, etc.
If D2D UEs transmit DS in a disorganized manner, in terms of resource using or output power, potential issues are summarized as follows:
· Intolerable interference to the cellular communication
· Performance degradation to D2D communication when the resource is limited and high loaded
· Discovery performance degradation in terms of efficiency
· Discovery performance degradation due to collision, especially in dense UE scenario
· Power consumption would be larger than acceptable at transmitter side

· Calculation payload would be larger than acceptable at receiver side

However, on the other hand, some benefits could also come into vision if using a more relaxed control or random way, e.g. less control signaling overhead, especially for a light loaded system, in which case the interference is more tolerable. Another scenario is PS where a UE is out of network coverage and fails to obtain any indication.
Hence to investigate the factors which potentially impact the discovery performance, we provide in the next sub-section some preliminary evaluation results followed by further observation and analysis.
2.3. Preliminary evaluation
Although the current agreement does not cover all the details for D2D evaluation, we try to use the skeleton frame of evaluation assumptions for initial assessing the discovery efficiency. Option 1 in [1] is used by all the cases of simulation in this contribution.
As per [2], the number of UEs discovered and CDF distribution curves are used as performance target. However, in our view the power consumption at transmitter side is also important. Apparently, the power consumption is proportional to the number of UEs transmitting DS. In addition, the number of UEs transmitting DS also reflects the discovery efficiency, e.g. discovering 1 UE out of 10 UEs could be regarded more efficient than discovering 1 UE out of 20 UEs. Therefore, besides the discovered UE number, we utilize the following metrics for performance comparison to capture the power consumption and discovery efficiency:
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Where 

n represents the discovered UE number in one discovery period;

NDS represents the UE number transmitting DS in one discovery period.
To reflect the system load and have a clear look at the discover performance, we introduce a parameter to represent the DS transmission probability. Then the discover efficiency (DE) would be:
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                                                  (2)

Where
PDS represents the DS transmission probability and N represents the total UE number that could potentially transmit DS.
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Figure.1 Discovered UE number probability distribution in the case that DS is transmitted with full power
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Figure.2 Discovered UE number probability distribution in the case that DS power control follows OL-FPC
Two types of power control scheme are used in the simulation, which are full power transmission and open-loop fractional path-loss compensation (OL-FPC). Dedicated resource for DS transmission is assumed here and temporarily interference between D2D and normal cellular communication is not considered.

All the other simulation assumptions are listed in the appendix.
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Figure.3 Discovered UE number CDF in the case that DS is transmitted with full power
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Figure.4 Discovered UE number CDF in the case that DS power control follows OL-FPC

Figure1 and 2 provide the probability distribution of the discovered UE number in the case of full power DS transmission and OL-FPC, respectively. Figure3 and 4 provide the CDF of the discovered UE number in the case of full power DS transmission and OL-FPC, respectively. With more power and more UEs to transmit DS, the detected UE number would be larger accordingly. However, we should always keep in mind that the higher power and more frequent DS transmission would introduce more impact on the existing cellular system if common resource is used.
If we look at Table.1 which captures the average discovery efficiency, the following observations could be concluded:
· Observation 1: Higher DS transmission probability leads to lower discovery efficiency in both full power case and OL-FPC case.

· Observation 2: In low load case, larger power could be used to achieve higher efficiency.

· Observation 3: When using full power, the performance loss of high load (58.19%) is larger than that of OL-FPC case (30.74%).

Table.1 Average Discovery Efficiency
	Case
	Ave. Discovery Efficiency

	(1)    PDS=0.2, Full Power
	7.39/N*

	(2)    PDS=0.4, Full Power
	5.08/N

	(3)    PDS=0.8, Full Power
	3.09/N, -58.19% than (1)

	(4)       PDS=0.2, OL-FPC
	3.09/N

	(5)       PDS=0.4, OL-FPC
	2.90/N

	(6)       PDS=0.8, OL-FPC
	2.14/N, -30.74% than (4)


*N is equal to the total dropped UE number
It should be noted that the absolute value of discovery efficient here is not suitable to be directly used to compare the performance between full power case and OL-FPC case, since the actually consumed power by each UE is not taken into account temporarily.
Based on the above observations, we have the following proposals:

Proposal 1: Fixed high power could be firstly used by discovery signal transmission in low load case.

Proposal 2: Discovery signal transmission configuration and triggering should consider system interference level.

Proposal 3: Power control scheme should be further studied for high load case to explore more benefits in terms of power efficiency.
3. Conclusion
In this contribution, we share our views on LTE D2D discovery and also present some preliminary simulation results to assist the analysis. Basically, our observations and proposals are summarized as:
Observation 1: Higher DS transmission probability leads to lower discovery efficiency in both full power case and OL-FPC case.

Observation 2: In low load case, larger power could be used to achieve higher efficiency.

Observation 3: When using full power, the performance loss of high load is larger than that of OL-FPC case.

Proposal 1: Fixed high power could be firstly used by discovery signal transmission in low load case.

Proposal 2: Discovery signal transmission configuration and triggering should consider system interference level.

Proposal 3: Power control scheme should be further studied for high load case to explore more benefits in terms of power efficiency.
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5. Appendix

Table.2 Simulation assumptions and parameters
	Parameter
	Numerical Value and Description

	Inter-site distance
	500m

	Carrier Frequency
	2 GHz

	Cellular Layout
	19 cell-sites × 3 sectors per cell-site + 1 RRH Hotzone per cell with wrap around.

	Channel model
	Macro cell: UMa

Low power node cell: UMi

UE-to-UE: Xia model

	Total number of active UEs per cell area
	25

	UE dropping
	16 UEs randomly and uniformly dropped within the small cell, 9 UEs randomly and uniformly dropped throughout the macro geographical area.

	Discover signal
	PSS/SSS located in UL 6 PRBs

	Time used for detection
	20ms( two PSS/SSS repetition)

	Power control
	Open-Loop Fractional Power Compensation:
Po_mue = -85

Po_pue = -78

Alpha = 0.8

	CRE bias
	0dB
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