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1. Introduction
At the RAN1 #77 meeting, the working assumption on timing was made as follows [1]:
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery

· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS
For different scenarios, some agreements were reached [2].
· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source are FFS

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source are FFS

In this contribution, we mainly discuss the remaining issues of conditions for D2DSS transmission.
2. In Coverage or Partial Network Coverage
2.1 Condition for D2DSS Transmission by UEs 

At RAN1 #77 meeting, it was agreed that the first subframe of a transmission pool within a discovery period can be used for transmitting D2DSS. But it is FFS whether all discovery UEs can transmit D2DSS. For in-coverage UEs in asynchronous deployments, it is beneficial for D2D UEs to get receive timing of inter-cell D2D signals via D2DSS sent by UEs from neighboring cells. 
In partial network coverage scenario, when out-of-coverage UEs cannot synchronize to the network, they may interfere with in-coverage UEs’ communication. Hence it is beneficial for in-coverage UEs to forward the synchronization reference of eNB to out-of-coverage UEs.
Assuming there is only one timing reference for D2D transmission in a cell, if all D2D UEs in a cell transmit D2DSS, SNR gain is possible as the received signal can be combined. It allows wider coverage of D2DSS. On the other hand, if some of D2D UEs transmit D2DSS, the interference to WAN or D2D signals can be reduced.
A decision has to be made on the condition for a UE to transmit D2DSS. In our view, UEs at the edge of cell are suitable for D2DSS transmission, considering the less impact on WAN or D2D signals.
With the above consideration, the indication of D2DSS transmission can be configured using SIB for all UEs participating D2D transmission. In the case that certain percentage of UEs can transmit D2DSS, each UE can decide on its own whether to relay D2DSS, based on a certain criterion, e.g., RSRP. In this way, eNodeB can signal all UEs an RSRP threshold via SIB. Those UEs whose RSRPs are below the threshold would transmit D2DSS. As shown in Fig.1, UE1, UE2, and UE3 transmit D2DSS, while UE4 and UE5 do not transmit D2DSS.
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 Figure 1 An illustration of RSRP based criterion. 
From the descriptions above, it is reasonable to assume that all D2D UEs should have the capability of transmitting D2DSS.Whether a UE would indeed send D2DSS should depend on whether this UE’s RSRP meets the threshold signaled by eNB.
Proposal 1: UEs can decide whether to transmit D2DSS based on RSRP in coverage or partial coverage.
2.2 Discussion on Transmission Period 
D2D UEs transmit D2DSS in D2D resource pool. So it is a natural choice for D2D UEs to transmit D2DSS with D2D resource period, as shown in Fig. 2.
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Figure 2 An illustration for D2DSS transmission period
Considering the low power consumption and to reduce the interference of D2DSS, it may be un-necessary for all UEs to transmit D2DSS in every discovery period. With different configurations and processing, different UEs may transmit D2DSS in different D2D resource period. While in partial coverage scenario, a shorter period than D2D resource period may be needed for D2DSS transmission for out-of-coverage UEs to quickly synchronized to the timing of the network. 
From the perspective of RRC parameter, values of resource pool period for discovery and SA/data can be different [3]. . 
Proposal 2: Different D2DSS transmission periods should be supported for discovery and communication.
3. Out of Network Coverage
3.1 Discussion

In case of out of network coverage, which and how UE should transmit the synchronization signal would depend on synchronization procedure. In the following, we discuss three synchronization schemes.

· Scheme 1: Only edge UEs transmit D2DSS
Some UEs in the group would transmit synchronization signal periodically. A very simple rule would be that a UE would only transmit/forward D2DSS when the SINR of its received D2DSS is below certain dB. That means only UEs at the edge of a group would transmit D2DSS. Here two RSRP thresholds can be defined. The lower threshold is to decide whether this UE can elect itself to be an independent synchronization source. The higher threshold is the limit beyond which this UE should not forward D2DSS.
· Scheme 2: UE that has data to send would transmit D2DSS
When the UE has data to broadcast, it would transmit D2DSS/PD2DSCH before data transmission and continue D2DSS/PD2DSCH transmission periodically during the data transmission session and terminate D2DSS/PD2DSCH transmission some time after D2D communication is finished. This scheme can ensure that: 1) at any time there is at least one UE in the group transmitting the synchronization reference; 2) to prevent too many UEs in the group from transmitting D2DSS, thus saving the transmitting power of UEs.

· Scheme 3: Both edge UE and UE has data to send will transmit D2DSS
This scheme is the combination of the two schemes above. 
3.2 Simulation results
The above three schemes are simulated with the results shown in Figs. 3 and 4. Simulation parameters are listed in the Appendix. In Scheme 1, there are two RSRP thresholds in the simulation: -85 dBm is the threshold for UEs to transmit/forward D2DSS and -107 dBm is the threshold for UE to decide whether to become an independent synchronization source. In the uniform scenario, it is observed that for Scheme 2 and Scheme 3, as the maximum number of hops increases, the performance starts to saturate. However, for Scheme 1, as the maximum number of hops increases, the performance becomes worse. This may be due to the excessive propagation delay accumulated up to 4-hop D2DSSS relaying under the favorable propagation condition in uniform scenario. In hot-spot scenario, it is observed that as the maximum number of hops increases, the performance remains the same. 

In addition, by comparing the above three scheme in both scenarios, it is seen that Scheme 3 can increase the percentage of synchronized UEs.

Proposal 3: In out of network coverage scenario, both edge UE and data bearing UE should transmit D2DSS.
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Figure3 Percentage of UEs that can be synchronized, uniform scenario, 3 Tracked Timing
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Figure 4 Percentage of UEs that can be synchronized, hot-spot scenario, 3 Tracked Timing
4. Conclusion
As discussion on D2DSS transmission above, we have following proposals.
Proposal 1: UEs can decide whether to transmit D2DSS based on RSRP in Coverage or Partial Network Coverage.
Proposal 2: Different D2DSS transmission period should be supported for discovery and communication.
Proposal 3: In out of network coverage scenario, both edge UE and data bearing UE should transmit D2DSS.
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Appendix
Table A1 Simulation assumptions for synchronization 
	Parameter
	Assumption

	Layout
	Option 5 Uniform，Indoor Hotspot Drop 

Hexagonal grid, 7cell sites, 3 sectors per site, wrap around

	Channel model
	According to TR 36.843 v0.2.0

	Carrier frequency
	700M Hz

	System bandwidth
	10 MHz

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	32 UEs/Sector

	Period
	20ms

	UE noise figure
	9 dB

	UE association threshold
	-107dBm
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