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1. Introduction
In the last two meetings, Device to Device (D2D) Proximity Services (ProSe) scenarios, channel models and evaluation methodology were discussed. Some details of channel model and UE dropping methodology have already been settled through email discussion. In addition, D2D discovery session achieved some preliminary agreements and candidates for D2D discovery signal transmission timing.
In this contribution, we share our views on some aspects regarding D2D discovery. Based on the newly agreed channel model, discovery performance is also provided by preliminary evaluations to assist the analysis.
2. Discussion and analysis
2.1. On Discovery Signal transmission and detection 
Transmission timing for D2D discovery and communication was discussed and the follow agreement has been made [2]:
	Agreements:

In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a synchronisation reference does not exist. 

Note that a full definition of “within” and “outside” NW coverage is needed; revisit the relation between the above options and within/outside NW coverage after such a definition is clarified. 




In principle, we agree that the transmission timing may obey the PUSCH timing if no serious problem can be identified. This could save standardization effect. However, the potential impact to the D2D receiver side has not been properly investigated. Different from eNB, the D2D receiver could observe much larger coming signal timing variance. If the arrival time difference exceeds certain level, e.g. CP length, how to handle the potential inter-symbol interference should be further studied.
Proposal 1: Together with discovery signal and communication transmission timing, the potential impact on the D2D receiver should be further studied.
Another point we think should be clarified is the synchronization reference in option 3 and option 5. If this reference is obtained from UE(s), for example from cluster header [1], in our opinion, DS should be able to serve synchronization function as well. 
Proposal 2: Discovery signal should be able to serve the synchronization function as well.
2.2. Preliminary evaluation
In this subsection, we present some preliminary simulation results to show the performance of open discovery. Option 1 is used by all the cases of simulation in this contribution. As a preliminary investigation, we use PSS/SSS signals for D2D discovery in this contribution, although more research on the DS signal itself is required and we are open to other choices. We assume that each UE transmits DS with probability PDS, and all the DS transmissions utilize same set of radio resource. The DS detection scheme is similar to that of PSS/SSS. 
The number of UEs discovered and CDF distribution curves are shown in this section. The number of UEs transmitting DS 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. Therefor, for simplicity, we normalize the discovered UE number by the number of UE transmitting DS 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

All the DSs are transmitter with full power (23dBm) the in the simulation. Fixed resource for DS transmission is assumed here and temporarily interference between D2D and normal cellular communication is not considered.
Besides discovery efficiency, the power consumption is also an important factor to consider both at the transmitter side and the receiver side. Consider DS transmission, the power consumption is proportional to the number of UEs transmitting DS.

All the other simulation assumptions are listed in the appendix.
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Figure.2 Discovered UE number CDF in the case that DS is transmitted with full power
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Figure.3 Average discovered UE number for each active ratio
Figure1 provides the probability distribution of the discovered UE number in the case of full power DS transmission. Figure 2 provides the CDF curve of the discovered UE number. To have a better look at the discovery performance, we show the average detected UE number in Figure 3 and average discovery efficiency in Table 1. 
The following observation could be concluded:
· Observation 1: With low DS transmission probability (6% to 20%), discovered UE number increases with higher DS   probability.
· Observation 2: With high DS transmission probability (20% to 80%), discovered UE number decreases with higher DS emission probability.
· Observation 3: The performance of average detected UE number sees inflexion point due to the interference brought by increasing DS emission probability.
· Observation 4: The discovery efficiency diminishes with increasing DS emission probability.
Table.1 Average Discovery Efficiency
	Case
	Ave. Discovery Efficiency

	(1)   PDS=0.06
	37.345/N*

	(2)    PDS=0.1
	26.794/N

	(3)    PDS=0.2
	14.5/N

	(4)    PDS=0.4
	7.10625/N

	(5)    PDS=0.8
	3.30525/N


*N is equal to the total dropped UE number
Based on the simulation results, we can see that theoretically a proper number of devices could be selected to emit DS on one set of resource. But in practice, it should depends on the actually scenario and requirement. Furthermore, the power consumption is also a potential issue for devices with normal battery life working in general scenarios. Hence, one way to balance the performance and power consumption is to consider some scalable management, which could work in a clustered manner [1]. Within each device cluster, DS resource could be shared or coordinated. Another way to prevent certain devices from being inundated by interference is to introduce some DS triggering scheme to make DS transmission sparser but more efficient. As we can see in Table.1, the high active ratio would lead to quite low efficiency. Certainly, new power control scheme for D2D is another solution to go, which could potentially balance the discovery performance and the interference.
Based on the above observations, we have the following proposals:

Proposal 3: It should be further studied to obtain a tradeoff between the performance in terms of absolute discovered UE number and the efficiency, including power consumption.
Proposal 4: Device clustering structure and management could be further studied 

Proposal 5: Discovery signal transmission configuration and triggering could be further studied considering system interference level.

Proposal 6: Power control schemes could be further studied.
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 proposals are summarized as:
Proposal 1: Together with discovery signal and communication transmission timing, the potential impact on the D2D receiver should be further studied.

Proposal 2: Discovery signal should be able to serve the synchronization function as well.

Proposal 3: It should be further studied to obtain a tradeoff between the performance in terms of absolute discovered UE number and the efficiency, including power consumption.

Proposal 4: Device clustering structure and management could be further studied 

Proposal 5: Discovery signal transmission configuration and triggering could be further studied considering system interference level.

Proposal 6: Power control schemes could be further studied.
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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
	Option 1: 19 cell-sites × 3 sectors per cell-site + 1 RRH/Indoor Hotzone per cell with wrap around.

	Channel model
	O2O: Winner+ B1 pathloss with refinement of BS and UE height, and also free space boundary 
O2I: LOS:PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in

        NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS
I2I: InH(36.814)

	Total number of dropped UEs per cell area
	150

	UE dropping
	150 UEs randomly and uniformly dropped throughout each macro cell geographical area.

	Discover signal
	PSS/SSS located in UL 6 PRBs

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