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1
Introduction
Synchronization is an essential topic for efficient D2D operation and synchronization design has been discussed over several RAN1 meetings. From the most recent RAN1#75 meeting, the following working assumption was agreed [1]:
· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.

· Details of under what circumstances a UE transmits D2DSS are FFS
· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s) 

· Detailed rules FFS
As noted above still there are open/FFS issues for example the priority of synchronization sources in case of partial coverage, synchronization source selection etc. In this contribution, we further discuss these open issues focusing on the two application scenarios: partial NW coverage and out of NW coverage.
2
Further discussion on D2D synchronization 
2.1
Synchronization source priority

As noted in the RAN1#75 agreements, before starting to transmit D2DSS the UE scans for the presence of available synchronization sources. One of the open issues/FFS is whether synchronization sources, which are UEs within network coverage, have a higher priority than synchronization sources which are UEs outside network coverage. 
As we have already discussing and proposed in [2] for the case of partial coverage, it is better for a UE within NW coverage to take the role of synchronization source and hence have higher priority over the UEs outside NW coverage. The main reason for such approach is the possible interference between the D2D link and cellular operation. This is particularly relevant but not limited to UE-to-NW relay, which is a high priority topic from RAN plenary discussion [3] and one of the major use cases for partial NW coverage. For this particular case, it should be noted that a relaying UE needs to maintain active communications simultaneously over both cellular and D2D links, and hence it is important that a consistent timing relationship is maintained between cellular and D2D communications. Given that any UE under network coverage is expected to maintain the capability to communicate with the eNB, similar requirements apply to any UE within network coverage supporting D2D communications, and more strictly so for those that have active communication sessions in both cellular and D2D links. As agreed in TR36.863 [4], considering multiplexing of a D2D signal and cellular signal from an individual UE perspective on a given carrier, time division multiplexing (TDM) should be used. If the transmission time of the D2D UE (i.e. following D2D timing) is not aligned cellular timing, as shown in Figure 1, two subframes cannot be used for UL transmission because of just one subframe is used for D2D transmission for the same UE. And furthermore based on the agreement of “from individual UE perspective, on a given carrier D2D signal reception and cellular uplink transmission do not use full duplex.”[4], therefore when one subframe is used for D2D reception, two subframes cannot be used for regular UL transmission. Similarly if one UL subframe is used for cellular transmission, two potential D2D subframes cannot be used for D2D transmission and/or reception for that UE. 
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Figure 1 Impacts on cellular UL subframe due to misalignment between D2D and cellular transmission timing
From Figure 1 and the discussion above, it is clear that due to asynchronous transmission timing between D2D and cellular communication, two UL subframes cannot be utilized due to the D2D transmission or reception and vice versa. In case a UE under NW coverage would be the priority synchronization source compared to out of coverage UEs, this waste of scarce resources is prevented. Moreover, such prioritization enables the eNB to coordinate the suitable resources for D2D transmission and thereby minimize the interference from D2D transmission to regular cellular communication, which would not be possible with some arbitrary time-synchronization not corresponding to the network timing.
One additional benefits to have UE with NW coverage as the synchronization source is the reduced latency when an out of NW coverage UE moves back into the cellular coverage and establishes cellular link. 
Based on these discussions, it is proposed that:
Proposal 1: In case of partial NW coverage, synchronization sources which are UEs within network coverage should have a higher priority than synchronization sources which are UEs outside of network coverage. 
2.2
Example operation of synchronization source prioritization
As noted in the RAN1#75 working assumption cited above [1], certain ways should be specified to differentiate D2DSS transmitted by a UE in coverage and a D2D SS transmitted by a UE out of NW coverage to enable the prioritization. As discussed in [2], a very simple and straightforward way to achieve this goal is to define different D2DSS for the usage of with and without NW coverage. For example, if the synchronization source UE is within NW coverage, it will transmit D2DSSnet (D2DSS with NW coverage) and otherwise the synchronization source UE will transmit D2DSSoon (D2DSS out of network).  
We have also discussed in [2] that it is not efficient to request every UE at coverage border to transmit D2DSS, and the presence of D2DSS sent from out of coverage UE can be used as the trigger for the selected synchronization source UE (within NW coverage) to start D2DSS signaling transmission. In this way, the unnecessary transmission of D2DSS from UE with NW coverage can be avoided. 

In case of UE out of NW coverage, at the initial state, the UE tries to detect whether there is any D2DSS or not. Depending on the detected results, UE will:

· Transmit D2DSSoon in case no D2DSS detected. The UE needs to continuously monitor the presence of D2DSSnet and synchronize to D2DSSnet if detected.
· Synchronize to D2DSSnet or D2DSSoon, in case of a D2DSS is detected. In case both D2Dnet and D2DSoon can be detected, UE will transmit according to the detected timing derived from D2Dnet.
For the UE within NW coverage, at the initial state, it will try to detect the presence of D2DSSoon. The UE starts to transmit D2DSSnet only when D2DSSoon which is asynchronous to cellular is detected. With this trigger unnecessary D2DSSnet transmission can be avoided. UE synchronization state diagram for UEs with and without NW coverage is shown in Figure 2. 
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Figure 2: Example of UE synchronization state diagram for within and outside network coverage
2.3
Additional need for D2DSS differentiation
The prioritization of a synchronization source being synchronized to the network or not being synchronized discussed so far, requires a differentiation of D2DSS for this purpose. But of course there might be additional need to be able to differentiate between different synchronization sources. 

In this respect, there is another open issue from last RAN1 meeting “whether D2DSS carries the identity and/or type of the D2D synchronization source(s) information or not”, considering the accuracy of synchronization signal, stability of the synchronization source etc., it makes sense if D2DSS can carry the type information of synchronization source. 
As discussed in Section 2, clearly the most relevant case is to differentiate between the original synchronization source being an eNB or an out of coverage UE. Assuming that D2DSS are relayed further, an indication of how many levels of relaying have been performed can also provide indirect information on the expected accuracy of the detected synchronization sources, similarly to the concept of synchronization strata considered for small cell synchronization. However, given the characteristics of D2D communication scenarios, it is not always guaranteed that a synchronization source with small stratum independent of the original synchronization source (network or UE) is the most reliable one, or the most desirable one to be used as synchronization reference.

For example, let us consider the following situations where a D2D UE detects two D2DSS of different strata:

1) The lower stratum source is relaying synchronization information from the network (i.e. using D2DSSnet), and the higher stratum source is relaying synchronization information from an out of coverage UE (i.e. using D2DSSoon). In this case an algorithm that prioritizes the low stratum source will lead the UE to synchronize to the best synchronization source.

2) Both synchronization sources are relaying synchronization information from an eNB (through D2DSSnet). Also in this case an algorithm that prioritizes the low stratum source will lead the UE to synchronize to the best synchronization source.

3) The higher stratum source is relaying synchronization information from the network (i.e. using D2DSSnet), and the lower stratum source is relaying synchronization information from an out of coverage UE (i.e. D2DSSoon). In this case, even though the accuracy of the lower stratum source is probably better than the higher stratum source, from the discussion in Section 2.1 it is clearly beneficial to align D2D transmissions as close as possible to cellular network timing. Here a synchronization algorithm that considers only the stratum information would fail to select the most relevant source for synchronization.

Hence, from the description above it is clear that it is not enough to have information regarding the source transmitting D2DSS itself and potentially the number of relaying hops, but it is also important to have information that allows the UE to determine the characteristics of the original source of synchronization information (i.e. related to network synchronization D2DSSnet or from an independent UE using D2DSSoon). 

The most important characterization of synchronization source is clearly that between an eNB and another UE, but other aspects may be considered if the use cases are found to be relevant, in particular considering the nature of public safety applications. To be more specific, the synchronization source can be further classified into different types according to some criteria, for example, the accuracy of the synchronization reference, the battery limitation (or lack of limitation), and so on. 
Proposal 2: D2DSS carries information related to the synchronization source, in particular the type of original synchronization source (network or UE) and the stratum number of the current D2DSS transmission. Detailed ways to classify synchronization source are FFS. 
When evaluating the potential benefits of the introduction of other synchronization source ID indications one should consider as reference the case where the type of synchronization source is identified. Public safety use cases and requirements supporting this type of operation need to be identified as well, for example in case it can be assumed that public safety UEs are configured with IDs of preferred synchronization sources. However, such use cases and the benefit of carrying the ID of the synchronization source on top of the information on the type of synchronization source need to be clearly motivated and analyzed before introducing the corresponding signaling.

Observation 1: Whether D2DSS carrying synchronization source ID information or not is depended on the ProSe requirements and the identified benefits on top of the case where only the type of synchronization source is identified.
2.4
D2DSS Design

D2D UEs should be able to derive time/frequency information based on the detected D2DSS from which D2D UEs can identify the frame/subframe/symbol boundaries and also decoding the necessary information if any. Regarding the synchronization signal design, the current working assumption is [4]:

Working Assumption: D2D Synchronization Sources transmits a D2DSS that

· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS) 

· PD2DSS is a Zadoff Chu sequence

· Length FFS
· May also comprise of a Secondary D2D Synchronization Signal (SD2DSS)

· SD2DSS is a M sequence

· Length FFS
In order to achieve maximal reuse the already specified LTE cell search procedure, D2D synchronization signal can be designed in such a way that D2DSS is composed of PD2DSS and SD2DSS. PD2DSS and SD2DSS can provide similar functionalities as normal PSS/SSS. Based on the agreed working assumption, PD2DSS is a Zadoff-Chu sequence and if present, SD2DSS is an M sequence, which are similar to the LTE PSS and SSS respectively. Therefore, it is advantageous to reuse the LTE PSS and SSS format for the D2DSS as much as possible in order to reuse the existing timing acquisition circuit to the maximum extent. 

Proposal 3: D2DSS should include both PD2DSS and SD2DSS equivalent to PSS & SSS to maximize the reuse of the existing LTE cell search procedures. 

The full reuse of PSS/SSS as D2DSS can result in confusion at the receiving UEs in such a way that how a UE can identify whether the detected PSS/SSS is coming from a D2D synchronization source UE or from eNB? This issue is not present in case the cellular network is operated as FDD, since the PSS/SSS from eNB will be transmitted on DL carrier frequency while the D2DSS from D2D UE will be transmitted with UL carrier frequency. Therefore based on the frequency where the synchronization signal is detected, the UE will learn whether the PSS/SSS is for D2D synchronization or for cellular synchronization. However, the issue is present when the cellular network is operated in TDD spectrum. In order to remove the confusion of D2D UEs and avoid the potential impacts on legacy UEs, D2DSS should be different from cellular PSS/SSS in one way or another. 

The most straightforward way is to specify different sequences for D2D usage. Following the same design principle as current specified PSS/SSS, for example, if one PD2DSS is used, one choice of the sequence can be (the PD2DSS in the frequency domain):
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 is the frequency index. The value of M for PD2DSS should be different from the ones specified in current LTE (29, 34, 25) in order to differentiate PD2DSS and PSS clearly. 
Other mechanisms which have been proposed in the context of New Carrier Type work in 3GPP, for example defining different relative positions for PSS and SSS in D2DSS, either changing the gap between those signals in time domain or swapping their locations could be applied to D2D case. However, it is not clear if such modifications are necessary for D2D synchronization, as it depends, for example, on the number of different sequences required for PD2DSS.
In the previous sections, we discussed a lot about the need to include information about the synchronization sources and its operations in the D2DSS transmission. As an example, different seeds can be used for the SD2DSS to give these type of indications similarly as the SSS is indicating the PCI.

Observation 2: D2DSS should be different from PSS/SSS used in TDD frame structure, in order to avoid bringing negative performance impacts on legacy UEs. The detailed way to differentiate D2DSS from cellular PSS/SSS in TDD frame structure is FFS.

3
Conclusion

In this contribution, firstly we addressed the synchronization source priority and related issues. And based on the analysis we have the following proposals and observation:
Proposal 1: In case of partial NW coverage, synchronization sources which are UEs within network coverage should have a higher priority than synchronization sources which are UEs outside of network coverage. 

Proposal 2: D2DSS carries information related to the synchronization source, in particular the type of original synchronization source (network or UE) and the stratum number of the current D2DSS transmission. Detailed ways to classify synchronization source are FFS. 

Observation1: Whether D2DSS carrying synchronization source ID information or not is depended on the ProSe requirements and the identified benefits on top of the case where only the type of synchronization source is identified.

Considering the details of the D2DSS design, the following proposals and observations are achieved:

Proposal 3: D2DSS should include both PD2DSS and SD2DSS equivalent to PSS & SSS to maximize the reuse of the existing LTE cell search procedures. 

Observation 2: D2DSS should be different from PSS/SSS used in TDD frame structure, in order to avoid bringing negative performance impacts on legacy UEs. The detailed way to differentiate D2DSS from cellular PSS/SSS in TDD frame structure is FFS.
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