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1. Introduction
We discussion the transmission requirements and transmission conditions for D2DSS and PD2DSCH channels in this contribution. We first summarize the relevant agreements reached in the previous meetings.

RAN1#76bis:

· 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 synchronisation 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 synchronisation source are FFS
RAN1#77:

· 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

RAN1#78: 
· For reception, in-coverage UEs may need D2DSS from another in-coverage UEs for time/freq. synchronization in some inter-cell scenarios

Previous meetings left several important issues unresolved, including details of the transmission of D2DSS and PD2DSCH, and inter-cell synchronization. Below we discuss these issues in details. 
2. Discussion and analysis
2.1. Transmission of D2DSS 
For D2D synchronization, a UE can be (pre-)configured resources for its D2DSS transmission. But it was unclear in the previous meetings that whether a UE needs to transmit in every configured transmission resources or transmit the D2DSS in the configured resource only when necessary. Whether to transmit in every resource or not has a far reaching impact on the network behavior. Periodically transmitted D2DSS serve to maintain frequency and time synchronization for UEs within a local area. As the synchronization signals can further be transmitted or relayed a number of times, UEs within a few hops of each can be synchronized, reducing network timing fragmentation. Such network timing fragmentation leads to waste of resources, because it is impossible to align transmission TTIs from different UEs, or arrange transmission and reception TTIs for the same UE. For given D2D resources, the capacity loss can be up to 50%. Therefore too much network timing fragmentation should be avoided if possible.

Another approach is for a UE to transmit a D2DSS signal only when it wants to transmit discovery or communication messages. In this case, D2DSS basically serves as a preamble to establish or fine-tune the frequency and time synchronization between the transmitter and the receiver on a per-transmission basis. Although the latter approach cannot establish a synchronization area based on a common independent synchronization source, it reduces the number of D2DSS transmissions and reduces the collision. The UE behavior will not be clear until the issue of D2DSS transmission is clarified. 
A compromise combining both approaches is to configure (or allow) some UEs to transmit D2DSS periodically, and to configure (or allow) the other UEs, having listened to D2DSS from other UEs and established time and frequency synchronization, to transmit D2DSS, but only preceding its own D2D discovery or SA/data transmission. The D2DSS transmitted on an on-demand basis serves to fine tune the time and frequency synchronization between the transmitter and the receivers. Therefore we make the following proposal: 
Proposal 1: To clarify the transmission condition for D2DSS, and agree whether D2DSS is transmitted only periodically, only preceding discovery or communication message, or a combination of both.

It has been agreed in RAN1#76 meeting that for out of network coverage, a UE can become a synchronization source, if the received signal strength is below X dBm. When value of X is configured for all the UEs as infinite, every UE can become an independent synchronization source, leading to network timing fragmentation. One approach to avoid network timing fragmentation is to configure different X values for different UEs. For a UE configured with an infinite X value, it will transmit synchronization signals as an independent synchronization source. A UE configured with a finite value will synchronize to another synchronization source when it receives a D2DSS signal with sufficient power. A necessary condition to achieve this desired effect is to allow configuration of different X values. Therefore we make the following proposal:
Proposal 2: The set of values for D2D reception threshold X should include at least one value other than infinite. 
2.2. Transmission of PD2DSCH
PD2DSS and SD2DSS are designed to provide time and frequency synchronization to the receiving UEs while providing additional, although very limited information through the PD2DSS/SD2DSS sequences. The PD2DSCH may provide other information such as synchronization source types, hop counts, signal strength and resource pool usage information. Our companion contribution [5] provides more details of the PD2DSCH itself. From previous meetings, it is not clear whether PD2DSCH is always transmitted with D2DSS, or transmitted only when necessary. These two options can be compared as such.

· Alt 1: PD2DSCH transmitted with every D2DSS

This provides a simple design at the receiving UE. The information obtained from PD2DSCH is always up to date and leaves no ambiguity.  However, because the information carried in PD2DSCH does not change rapidly, it can be a waste of resources.

· Alt 2: PD2DSCH not transmitted with every D2DSS

This can be further classified into the following cases.

· Alt 2a: PD2DSCH can be transmitted periodically with a longer period than D2DSS transmission. The period of D2DSS transmission needs to guarantee sufficient time and frequency synchronization. The period of PD2DSCH needs to match with the rate of change of the information carried by PD2DSCH.

· Alt 2b: PD2DSCH is transmitted only if necessary, i.e. when the information field of PD2DSCH needs updating.

In order for Alt 2a to provide always up-to-date synchronization, the PD2DSCH update frequency needs to be high enough to reflect possible changes. Because the synchronization source does not know when a UE may roam into its transmission range, Alt 2b cannot always provide synchronization promptly to such UEs. The drawbacks of Alt 2a and Alt 2b prompt us to combine them as Alt 2c:

· Alt 2c: PD2DSCH is transmitted when necessary (prompted by change of the PD2DSCH information fields), but with a frequency higher than a pre-defined minimum PD2DSCH transmission frequency.

Both Alt 1 and Alt 2c warrant further consideration. Therefore we propose to further study down-selection between the two.

Proposal 3: Further study the transmission condition for PD2DSCH by down-selection between periodic transmission and transmission on an on-demand basis subject to a maximum transmission interval.
2.3. Inter-cell transmission of synchronization signals 
In order to support inter-cell D2D discovery/communication, in network UEs need to receive D2DSS transmitted from other cells. Because inter-eNB coordination through X2 interface has been rule out of scope for Rel.12, the only way for UE to detect D2DSS transmitted from neighbor cells in some pre-determined location is through OAM-based means. Otherwise the UE will have to resort to blind detection of D2DSS, consuming much more processing power and battery. Unlimited searching of D2DSS also interferes with the regular UL transmission scheduled by the eNB. Therefore there is a clear advantage to use OAM-based configuration to allow in network UEs to search for D2DS signals only in limited resources. Hence we propose that in network UEs can be configured withD2D synchronization signals receiving resource pools for synchronization signals transmitted from neighbor cells through OAM.  

Proposal 4: In network UEs are configured with receiving resource pools for synchronization signals transmitted from neighbor cells through OAM.  
3. Conclusion
We have considered transmission requirement and transmission conditions for D2DSS and PD2DSCH respectively, and for inter-cell discovery. We make the following proposal:

Proposal 1: To clarify the transmission condition for D2DSS, and agree whether D2DSS is transmitted only periodically, only preceding discovery or communication message, or a combination of both.

Proposal 2: The set of values for D2D reception threshold X include at least one value other than infinite. 

Proposal 3: Further study the transmission condition for PD2DSCH by down selection between periodic transmission and transmission on the on-demand basis subject to a maximum transmission interval.
Proposal 4: In network UEs are configured with receiving resource pools for synchronization signals transmitted from neighbor cells through OAM.  
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