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1. Introduction
Synchronization is an important procedure for D2D discovery. Time synchronization is ensured by the matching of transmit timing and receive timing. In RAN1#73 meeting, transmit timing of discovery signal was discussed with the following agreements:
In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:
· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.

· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage

Further study is required for the transmission timing in cases when a synchronization reference does not exist.
During the discussion, numerous options for transmit timing were listed for information. In this contribution, we will further discuss the time-frequency synchronization between D2D UEs during D2D discovery.
2. Time synchronization for discovery
In this section, we will analyze the time synchronization error during D2D discovery and its impact.
2.1. Synchronization error analysis
A typical D2D discovery process is shown in Figure 1. UE1 sends discover signal, and UE2receives discovery signal of UE1. We simply assume that each UE transmits or receives the discovery signal according to the DL timing (transmit timing of the synchronization reference) from a cell (Option1), and the synchronization reference eNB can be different for UE1 and UE2. Then the synchronization error for UE2 to receive the discovery signal from UE1 is:
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where 
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is the synchronization tracking error for UEi to get the DL timing from eNB, 
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is the time difference of synchronization signal reception in UE1 and UE2 from reference eNB, and 
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is the propagation delay of discovery signal. 
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Figure 1: Illustration of D2D discovery in network coverage
The synchronization error in different D2D scenarios is analyzed below. Here we assume the maximal value of 
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 (the case in common discovery scenarios).
· Case1: UE1 and UE2 are synchronized with different eNBs with non-ideal synchronization assumption. The typical case is for TDD where the maximal inter-eNB synchronization error is 
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according to formula (1). For RRC-Connected UE, the eNB can indicate a timing offset according to their UL TA to reduce the synchronization error caused by the propagation delay between eNB and UE. Then the synchronization error would be reduced to be 
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· Case2: UE1 and UE2 are served and synchronized by the same eNB (
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according to formula (1). Also, for RRC-Connected UEs, the range can be reduced to 
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via additional offset indication from eNB.
· Case3: UE1 and UE2 are served by different eNBs but synchronized with the same eNB (
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) but TA offset is unavailable even for RRC-connected UEs.
· Case4: UE1 and UE2 are synchronized with unsynchronized eNBs. The typical case is for FDD with unsynchronized eNBs. In this case the D2D UE pair cannot acquire any UE-UE synchronization information from DL timing. Additional synchronization mechanism is needed for UE-UE synchronization.
2.2. Performance impact

Based on the above analysis, we provide simple performance evaluation to study the impact of time synchronization error to D2D discovery. The format of discovery signal in [1] is reused, where each discovery signal is PUSCH of one RB and two slots. 128bits discovery message is carried by each signal. Other parameters are listed in the Appendix. The discovery probability with different time synchronization error is shown in Figure 2.
According to the results, for QPSK modulated discovery signal, the detection performance degrades significantly when the synchronization error exceeds [-4us, 5us]. Hence, time synchronization requirement should be considered for discovery design. 
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Figure 2: Performance of PUSCH discovery with timing error
Proposal 1: Time synchronization requirement should be taken into count during discovery design. 
2.3. Potential solutions for time synchronization

According to the synchronization performance analysis, the time synchronization will be a problem in many D2D scenarios, especially for non-ideally synchronized or unsynchronized scenarios. Additional design should be considered for these scenarios to limit the synchronization error. Two basic schemes are analyzed here.
· Single-point-synchronization mechanism. With this scheme, discovering UE and discovered UE are synchronized with the same point. Typically, discovering UE will also receive the DL timing from the synchronization reference of the discovered UE, and then discover the discovered UE according to this DL timing. Within network coverage, the reference point can be an eNB. Without network coverage, the reference point can be a cluster head which at least provides the synchronization signal like an eNB. Generally, the synchronization signals from neighboring cells can be received by the discovering UE. Then the UE can discover D2D UEs belonging to different cells according to different receive timing derived from the corresponding cell’s DL timing. Based on single-point-synchronization assumption, the synchronization error can be limited to a small range (
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). With additional optimization on receive timing, the value can be further limited to the required range. For example, with receive timing offset of 2us, the synchronization error will be
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, which can ensure the performance at least for the assumed discovery signal design.
· UE-specific synchronization mechanism. The UE-UE synchronization is realized by dedicated synchronization signal for each discovered UE. Before discovering one UE, the discovering UE should first detect the synchronization signal from the target UE to determine the receive timing. The total synchronization error involves the propagation delay and the synchronization error from the detection of synchronization signal. This means that the design of UE-specific synchronization signal should be good enough to limit the synchronization error in the required range.
Though the synchronization requirement can both be met via the two mechanisms, the corresponding detection complexity is significantly different. For single-point-synchronization mechanism, the discovering UE needs to separately detect D2D UEs from unsynchronized cells/clusters using corresponding receive timing. In addition, if inter-eNB synchronization is available, only single receive timing with appropriate offset is needed for this mechanism. For UE-specific synchronization mechanism, the discovering UE needs to separately detect each unsynchronized discovered UE using different receive timing. Obviously, this mechanism will introduce very high complexity to detect the synchronization signal and discovery signal from each discovered UE. 
Proposal 2: The single-point-synchronization mechanism and UE-specific synchronization mechanism can be further studied as potential solutions for time synchronization.
3. Frequency synchronization for discovery
In this section, we will analyze the frequency synchronization error of D2D discovery and its impact. 

The frequency error between D2D UE pair involves three parts: the frequency error of transmit signal in discovered UE, the receive frequency error in discovering UE, and the Doppler shift due to UE mobility. The frequency error of transmit signal compared to the carrier frequency received from the eNB shall be limited to within ±0.1PPM according to [3]. Similarly, the receive frequency error can also be assumed to be no more than ±0.1PPM.  Based on the simulation assumption of D2D evaluation, the Doppler shift would not larger than 200Hz (relative speed of 120km). Therefore, it can be assumed that the frequency error between D2D UEs will not larger than ±600Hz for discovery study in frequency of 2.0 GHz.
In Figure 3, the initial link performance of D2D discovery is evaluated with different frequency error. The simulation assumptions are the same as those of time synchronization evaluation. From the result, we can find that frequency error of ±600Hz would not lead to significant degradation in discovery probability. Hence, frequency error will not be a problem  at least for the assumed discovery signal design.
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Figure 3: Performance of PUSCH discovery with frequency synchronization error
Proposal 3: It should be further evaluated whether frequency synchronization error is not a problem for different discovery designs.
4. Conclusion 

In this contribution, the synchronization error between D2D UEs is analyzed and evaluated. To ensure successful discovery, the time synchronization error should be limited to a reasonable range. With this target, two solutions are discussed for discovery design. On the other hand, the impact of frequency error is also evaluated in this contribution. Our proposals are listed as follows:
Proposal 1: Time synchronization requirement should be taken into count during discovery design. 
Proposal 2: The single-point-synchronization mechanism and UE-specific synchronization mechanism can be further studied as potential solutions for time synchronization.
Proposal 3: It should be further evaluated whether frequency synchronization error is not a problem for different discovery designs.
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6. Appendix
Table 1: Simulation assumptions
	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Discovery signal format
	1RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Message size
	128bits

	UE mobile speed
	3km/h

	CP type
	Normal CP
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