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1. Introduction
In RAN 1 #76bis [1], the following agreements were made regarding the triggering condition of becoming a D2D synchronization source.
Agreements:
· For out of coverage
· A UE can become 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
In RAN 1 #77 [2], the following observations were made regarding which information can be indicated by D2DSS and/or PD2DSCH for synchronization.
Observations:
· PD2DSCH is specified for indication of D2D configuration
· Different root index for PD2DSS from PSS is used
· Following information is indicated by D2DSS
· Source type
· FFS: other information
· Following information is indicated by D2DSS or PD2DSCH if specified
· Synchronization ID
· Current stratum level
· FFS: other information
In this contribution, we discuss some of the FFS issues on the synchronization procedure for out-of-coverage, particularly on the method of timing adjustment to prevent possible interference and/or collision due to timing misalignment.

2. Synchronization procedure for out-of-coverage scenario
In-coverage UEs synchronizes to a common timing reference which is provided by the eNB by means of PSS/SSS. However, due to a lack of a common timing reference (i.e. eNB) for out-of-coverage UEs, synchronization procedures to provide timing reference to out-of-coverage UEs have been discussed in RAN1 and can be categorized into followings:
· Hierarchical synchronization scheme: A multi-hop synchronization scheme which relays timing reference derived from an independent synchronization source
· Flat synchronization scheme: The synchronization scheme where all the D2D UEs becomes a synchronization source. 
In this section, we focus on the hierarchical synchronization procedure and some possible problems of the timing misalignment among synchronized D2D UEs due to the delay propagation.
2.1. Basic procedure of hierarchical synchronization scheme
In the hierarchical synchronization procedure, a D2D UE can become a D2D synchronization source which can be classified into two types:
· Independent Synchronization Source (I-SS): a D2D UE (for out-of-coverage) transmitting D2DSS and/or PD2DSCH with its own timing reference which becomes an origin of timing reference for D2D UEs. Stratum level of an I-SS is set to 0.
· Relaying Synchronization Source (R-SS): a D2D UE transmitting D2DSS and/or PD2DSCH with timing reference derived from I-SS and/or other R-SS. Stratum level of an R-SS is set to n+1 when the stratum level of the D2D synchronization source, which provides the timing reference, is set to n.
Hierarchical synchronization procedure
If a D2D UE cannot detect any D2DSS from I-SS or R-SS, it may become a new I-SS with stratum level 0. If a UE detects D2DSS from I-SS and/or R-SS, it synchronizes its timing reference with following priorities:
· Source type: A D2DSS with timing reference derived from eNB has higher priority.
· Stratum level: A D2DSS with lower stratum level has higher priority under same source type.
· Received signal strength: A D2DSS with higher received signal strength has higher priority when the stratum level is the same.
When a D2D UE, which has synchronized its timing reference to a D2D synchronization source whose stratum level is n, satisfies a certain triggering condition (e.g. received signal strength of the received D2DSS is below X dBm), it may become an R-SS with stratum level n+1 and relays the timing of the selected D2DSS as illustrated in Figure 1.
[image: ]
Figure 1. Hierarchical synchronization procedure
For partial-coverage UEs, the above hierarchical synchronization procedure can be applied with a condition that eNBs perform the role of I-SS.
2.2. Timing misalignment issue in hierarchical synchronization
In the hierarchical synchronization scheme, each D2D UE (except for I-SS) synchronizes its timing reference based on the received D2DSS transmitted from the D2D synchronization source, which provides the timing reference, i.e. transmitted or originated from I-SS. However, timing misalignment among D2D UEs which are synchronized to the same I-SS may occur due to delay propagation since propagation and multi-path delay is accumulated as hop increases. Such timing misalignment among D2D UEs may result in interference and/or collision in D2D data transmission.
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Figure 2. Interference/collision due to timing misalignment
As illustrated in Figure 2, the data transmissions may not be received correctly due to severe interference and/or collision especially when the overall propagation delay is bigger than the CP length which is applied to D2D UEs for the data transmissions, i.e. the CP length < .
Next, we provide possible solutions for the described problem caused by timing misalignment in hierarchical synchronization scheme.
Observation 1: Timing misalignment among timing references of D2D UEs, which are transmitted or originated from the same I-SS, may occur due to delay propagation.
Observation 2: The data transmissions may not be received correctly due to severe interference or collision especially when the overall propagation delay is bigger than the CP length.

3. Timing reference adjustment
The timing misalignment among D2D synchronization sources, whose timing references are originated from the same I-SS, is inevitable for the hierarchical synchronization scheme. To reduce the impact of the timing misalignment, a D2D synchronization source should adjust its own timing reference taking the amount of delay propagation into consideration to reduce the impact of the timing misalignment. Therefore, we provide three options as possible solutions to mitigate the impact of the overall delay in hierarchical synchronization scheme.
Observation 3: For hierarchical synchronization scheme, some possible solutions to mitigate the impact of the overall delay should be provided.
Option 1: Handshake-based method
In this approach, a D2D synchronization source, i.e. an I-SS or R-SS, calculates the round-trip delay (RTD) exploiting the difference between its own timing reference and the achieved timing reference(s) of its next-hop synchronization source(s), which is derived by D2DSS(s) of the next-hop synchronization source(s). Then, the D2D synchronization source provides the timing advanced value carried by PD2DSCH considering the RTD information to its next-hop synchronization sources. Therefore, the next-hop synchronization source(s), i.e. R-SS, synchronizes the timing reference to the received D2DSS and adjusts its timing reference applying the timing advanced value carried by the received PD2DSCH
Option 2: (Pre-)configured method
In this approach, the timing advanced value considering the propagation delay information is carried by PD2DSCH, which is pre-configured in D2D UEs or configured by the network, e.g. using SIB message. For example, an average RTD when the received signal strength of received D2DSS is below X dBm, i.e. the triggering condition for a D2D UE to become a D2D synchronization source, can be calculated and (pre-)configured to D2D UEs. Therefore, an R-SS synchronizes the timing reference to the received D2DSS and adjusts its timing reference applying the timing advanced value carried by the received PD2DSCH.
Option 3: Measurement-based method
In this approach, an R-SS synchronizes its timing to the received D2DSS transmitted by an I-SS and/or R-SS and estimates the propagation delay based on the received signal strength of the D2DSS. Therefore, an R-SS synchronizes the timing reference to the received D2DSS and adjusts its timing by applying the estimated propagation delay based on the received signal strength of the D2DSS.
Proposal 1: To reduce the impact of the timing misalignment for hierarchical synchronization procedure, a D2D synchronization source should adjust its own timing reference by taking the amount of propagation delay into consideration. Therefore, at least one of the following information about propagation delay should be provided to a D2D synchronization source:
· Timing advanced value carried by the received PD2DSCH
· Estimated propagation delay based on the received signal strength of D2DSS.

4. Conclusions
In this contribution, we focused on the synchronization procedure for out-of-coverage scenario and the timing misalignment problems which can cause interference and collision in D2D data transmissions in the case of the hierarchical synchronization scheme. In summary, we have following proposals and observations:
Observation 1: Timing misalignment among timing references of D2D UEs, which are transmitted or originated from the same I-SS, may occur due to delay propagation.
Observation 2: The data transmissions may not be received correctly due to severe interference or collision especially when the overall propagation delay is bigger than the CP length.
Observation 3: For hierarchical synchronization scheme, some possible solutions to mitigate the impact of the overall delay should be provided.
Proposal 1: To reduce the impact of the timing misalignment for hierarchical synchronization procedure, a D2D synchronization source should adjust its own timing reference by taking the amount of propagation delay into consideration. Therefore, at least one of the following information about propagation delay should be provided to a D2D synchronization source:
· [bookmark: _GoBack]Timing advanced value carried by the received PD2DSCH
· Estimated propagation delay based on the received signal strength of D2DSS.
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