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1. Introduction
In RAN1 #88bis, the following agreements [1] was made with regard to the synchronization aspect for further enhancement to LTE D2D (FeD2D):
	Agreement:
· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UE


In this contribution, we discuss several issues for synchronization enhancement for FeD2D.
2. Discussion
SLSS transmission of remote UE
In FeD2D scenario, the remote UE can receive synchronization signal and data from its linked relay UE (or eNB). Here, the UEs can be configured to transmit the sidelink synchronization signal (SLSS) for discovery and communication. 
However, it can be a burden for some UEs and not all the UEs should transmit the SLSS. For example, for the UEs (e.g., remote UEs) using narrow bandwidth (e.g. 1 or 6 RBs) or without the capability of transmitting the high rate data, the physical resource is very scarce and even small amount of resources for transmitting the SLSS may become a burden. In general, the battery power of the UE (especially for small wearable devices) in mobile environment is limited and it is necessary to reduce the unnecessary signal transmission and power consumption as much as possible. When the UE returns from SLSS transmission mode to sidelink data reception mode, a guard interval may be required and it can be also treated as additional overhead for the UE.

In addition, assuming the remote UE is a wearable device and the relay UE is its control device (e.g. smart phone or tablet PC etc.), the UEs may be very close together and it is not so effective for both relay UE and remote UE to transmit the SLSS together. Assuming one relay UE-to-many remote UEs case, it is unnecessary to exchange SLSS between remote UEs because remote UEs can sufficiently communicate through relay UE rather than directly between remote UEs.

Thus, in relaying mode, the relay UEs should be configured (e.g. using SIB or dedicated signalling) to transmit the SLSS for communication with remote UEs. The remote UEs do not need to transmit the SLSS for communication for the power efficiency. 

However, in discovery case, the period of transmission of discovery signal is sufficiently longer than that of communication and SLSS transmission for discovery, which happens once in every discovery period, may not be a big burden for remote UE. Actually, there can be some cases where other UEs need to discover a certain remote UE, e.g., when the relay UE and remote UE belong to different cells before the association or UEs other than the relay UE try to discover the remote UE for the potential change of the associated relay. Considering these, it is not precluded to transmit the SLSS for discovery in the situation where the remote UE does not transmit the SLSS for communication. 
As a method to define this behavior, it is expected that signaling for the synchronization resource for remote UE will be separated from SIB for the other UEs including relay UEs due to the difference in the supported system bandwidth. Thus, if a bandwidth-limited remote UE is not supposed to transmit any SLSS, then the network can simply provide the remote UE with no SLSS resources and no specification impact is expected. If a bandwidth-limited remote UE is supposed to transmit SLSS only for discovery, the corresponding UE behavior needs to be specified as the current specification does not support such a behavior.
Proposal 1: It needs to be supported that remote UE does not transmit SLSS for communication but does transmit SLSS for discovery.
Condition of prioritizing SLSS of relay UE with highest priority
In relaying mode, the relay UE needs to receive the eNB synchronization signal with the highest priority. There are at least two options of synchronization signals that the remote UE can receive, one is the eNB synchronization signal and the other is the SLSS. Unlike the relay UE, the remote UE does not have to receive the eNB synchronization signal with the highest priority.

Assuming that the remote UE prioritizes the eNB synchronization signal, it can be happened that the relay UE and the remote UE will be placed in different eNBs, i.e. the relay UE is in eNB 1 and the remote UE is in eNB 2, and the remote UE will follow the timing reference of the eNB 2. In this case, the remote UE tries to decode sidelink signals from multiple resource pools with different timing because the remote UE may not know whether the relay UE is located at the same cell or not. This will increase battery consumption of remote UE. Thus, it is better for the remote UE to prioritize the SLSS of the linked relay UE. If the SLSS of the relay UE is prioritized, the remote UE only need to decode sidelink signals at the resource pool associated to the relay UE even when both of the relay UE and remote UE moves to adjacent cell as in the case of the group handover.

Especially, when all the signal and data needed or exchanged during the relaying operation can be relayed by the relay UE, it is better for the remote UE to be configured to receive the SLSS from the relay UE with the highest priority. When the SLSS of relay UE is not detected, it is natural for the remote UE to receive the eNB synchronization signal as the next priority and the remote UE can change to direct communication with eNB instead of relaying scheme. 
It can be further discussed whether the SLSS of relay UE should be prioritized in all situations and it is necessary to specify when the remote UE should prioritize the SLSS of the relay UE. For example, when the remote UE should communicate (or exchange signal and data) with eNB during the relaying operation or before the remote UE is linked with the relay UE, it is possible for the remote UE to be configured to receive the eNB synchronization signal with the highest priority like the existing ProSe and/or V2X SLSS prioritization rule.
It can be configured to follow the different prioritization rule than ProSe and/or V2X according to the (pre)configuration by network after the remote UE is linked with the relay UE. It means that the remote UE is configured to receive the SLSS from the linked relay UE with the highest priority which can be interpreted that the SLSS ID of the linked relay UE takes priority over the SLSS ID of the other UEs as well as that of the eNB. In this case, for example, the information of SLSS ID of the relay UE can be indicated to the remote UE via PSDCH (or PSSCH).
Proposal 2: The remote UE can be configured that after linking with the relay UE, it prioritizes the SLSS of relay UE with the highest priority order.
SLSS differentiation between ProSe and FeD2D
When the contents and physical channel format of PSBCH are the same between ProSe and FeD2D, they can be combined in a SFN manner and it can also improve the reception performance. Thus, it is not desirable to differentiate the PSBCH of ProSe and FeD2D.
However, for FeD2D case, it can be necessary that the additional information regarding the relay operation is conveyed to the PSBCH. If this information on FeD2D is indicated by the reserved bits of the PSBCH, the SFN effect as mentioned above will not occur and the PSBCH of ProSe and FeD2D will appear as interference to each other. In order to avoid this, the network can configure that the reserved bits of ProSe PSBCH are the same as those of FeD2D PSBCH (used for indicating additional information).
Generally, the resource of the SLSS is associated with the resource of the PSBCH. For V2X case, SLSS of V2X was differentiated because the PSBCH format is different and it can save UE battery if ProSe UEs can avoid attempt to decode PSBCH for V2X. For FeD2D case, it is expected that the same PSBCH format is used as ProSe, so it is actually better to allow the SLSSs of the same ID to be combined together as SFN.

Proposal 3: No need to differentiate SLSS of ProSe and FeD2D
3. Conclusion
In this contribution, it was discussed on several issues for FeD2D synchronization. The discussion can be summarized as follows:
Proposal 1: It needs to be supported that remote UE does not transmit SLSS for communication but does transmit SLSS for discovery.
Proposal 2: The remote UE can be configured that after linking with the relay UE, it prioritizes the SLSS of relay UE with the highest priority order.
Proposal 3: No need to differentiate SLSS of ProSe and FeD2D 
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[1] Chairman’s note, 3GPP RAN1 #88bis.
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