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1. Introduction
At the RAN1#74 meeting, the following way forward regarding inter-cell D2D discovery was agreed [1]. 
· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied
In D2D discovery signal design, synchronization is certainly an important issue. This contribution analyzes the synchronization problem in both synchronous and asynchronous deployments and presents our initial PHY layer performance evaluation results on the impact of frequency error. The simulation results presented in this contribution focus on the evaluation of D2D discovery in a general scenario.
2. Synchronization for intra-cell and inter-cell discovery
For intra-cell discovery, assuming that a UE transmits a discovery signal at the DL receiving timing, the maximum timing offset would be 2D/c, where D is the distance between the transmitter and receiver. Since the maximum frequency error for a UE modulated carrier frequency is ±0.1 ppm [2], the maximum frequency offset between 2 UEs would be 0.2 ppm.  
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Figure 1 Timing for intra-cell discovery
For inter-cell discovery, it has been agreed that the following two options for inter-cell discovery are considered [3].
· Option 1: By directly or indirectly achieving information about the other cell synchronization reference timing 
· Option 2: By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

For inter-cell discovery with synchronous cell deployment (as shown in Fig. 2), the device would obtain the timing of neighboring cells from its own cell synchronization reference. Assuming that a UE transmits a discovery signal at the DL receiving timing, as shown in Fig. 2, the maximum timing offset would be (∆R + D)/c, where ∆R = |R1-R2| and R1 and R2 are the distances from the UEs to their camping eNB. Since the frequency accuracy requirement for different eNBs is ±0.05 ppm for a Wide Area eNB and ±0.1 ppm for a Medium Range eNB [4], the maximum frequency offset between two UEs would be 0.3 ppm and 0.4 ppm, respectively.
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Figure 2 Timing for inter-cell discovery with synchronous deployment
Figure 3 illustrates the timing options for inter-cell discovery with asynchronous cell deployment, where two alternatives are shown for Option 1.
· In Alt. 1, a UE directly obtains the timing from the neighboring cell eNB.
· In Alt. 2, a UE indirectly obtains the timing of the neighboring cell eNB from a UE anchor.
The advantages and disadvantages among these options are analyzed in Table I.
Table I: Analysis on Options for Inter-cell Discovery with Asynchronous Deployment
	Options
	Cons.
	Pros.

	Option 1- Alt. 1
	· Available only when UE can detect neighbor cell synchronization reference, i.e. PSS/SSS/CRS.
	· Least complexity

	Option 1- Alt. 2
	· Anchor UEs need to transmit a synchronization reference signal, which increases complexity due to selecting/electing anchor UE and scheduling the sync. signal from anchor UEs.
· Inter-cell discovery is only available when UE can detect synchronization signal sent from the cell edge UE.
	· Inter-cell discovery would be more available compared with option 1 -Alt 1
· Less complexity level & resource consumption compared to Option 2

	Option 2
	· Each D2D UE needs to transmit a synchronization reference signal that may or may not be a D2D discovery signal itself, which may occupy more radio resources
· May incur high complexity level due to receiving many asynchronous discovery signals from different devices simultaneously.
	· Inter-cell discovery would be most available


For Alt. 1 in Option 1, the maximum frequency error and the maximum timing offset will be the same as those for intra-cell discovery. For Alt. 2 in Option 1, the maximum frequency error would be (0.2+x) ppm, where x is the Carrier Frequency Offset (CFO) introduced by UEs receiving a synchronization reference signal from an anchor UE. The maximum timing offset would be 2D/c. 

For option 2, the maximum frequency error would be 0.3 ppm or 0.4 ppm, while the timing offset depends on the details of the transmission/reception of the discovery signal. 
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Figure 3 Timing for inter-cell discovery with asynchronous deployment
To summarize, the maximum frequency offset and the maximum timing offset for different cases are given in Table II.

Table II: Maximum Frequency Offset and Timing Offset Between Transmitter and Receiver
	
	Maximum frequency offset
	Maximum timing offset

	Intra-cell
	0.2ppm
	2D/c

	Inter-cell synchronous
	0.3 or 0.4ppm
	(∆R + D)/c

	Inter-cell asynchronous Option 1 Alt 1
	0.2ppm
	2D/c

	Inter-cell asynchronous Option 1 Alt 2
	0.2+x ppm
	2D/c

	Inter-cell asynchronous Option 2
	0.3 or 0.4ppm
	N.A.


3. Impact of Timing offset

Assuming that the delay spread is τd, we define To as the timing offset between the transmitter and receiver. ISI in the received signal can be avoided if the length of CP Lcp satisfies Lcp ≥To+τd.
4. Impact of frequency offset
In an OFDM system, frequency offset will introduce phase rotation, amplitude distortion, and ICI to the received signal, which may lead to performance degradation. Considering a cellular coverage case, even though UEs may be synchronized to the camping eNBs, residual frequency error may still exist. As analyzed in Section 2, the maximum frequency offset between the transmitter and receiver may be up to 0.4 ppm in inter-cell discovery cases. In the following, we evaluate the impact of the frequency offset on the BLER performance of the D2D discovery signal through link-level simulations. Perfect timing is assumed for evaluation purposes.

Simulation assumptions are given in Table III. The existing PUSCH format is used for the discovery signal structure. One discovery signal occupies 12 subcarriers and 2 slots with 14 SC-FDMA symbols, except the last symbol is not used.

Table III. Simulation Assumptions
	Parameter
	Value

	Carrier Frequency
	2.0GHz

	System bandwidth
	10MHz (FDD UL)

	Signal structure
	PUSCH, wherein the last symbol is not used

	Subcarrier spacing
	15kHz

	FFT size
	1024

	Number of subcarriers for discovery signal
	12

	Modulation
	QPSK, SC-FDMA

	CP length
	Normal CP

	Coding
	Tail-biting BCC, 1/3 code rate

	CRC generator
	gCRC24A

	Number of information bits
	64

	Antenna configuration
	1T2R

	Channel estimator
	(Averaged) LS

	Equalizer
	ZF


In the following simulations, the number of information bits in the discovery signal is set to 64. Similar to the PDCCH, tail-biting BCC is used in channel coding, and the coding rate is 1/3. 

In Fig. 4 and Fig. 5, the BLER performance levels with and without CFO compensation at the receiver are compared in an AWGN channel and EPA channel, respectively. Figures 4(a) and 5(a) show the performance with no CFO compensation. Figures 4(b) and 5(b) show the performance with CFO compensation. The two DM-RSs are used to estimate the residual CFO and channel response.

Typically, time domain CFO compensation is a more effective solution. However in a multi-user system, time domain CFO compensation would be complex. Here, we consider frequency domain CFO compensation since it is simple to implement for QPSK coherent demodulation. 
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(a) Performance without CFO compensation                  (b) Performance with CFO compensation
Figure 4 - BLER performance versus SNR in AWGN channel
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(a) Performance without CFO compensation                  (b) Performance with CFO compensation

Figure 5 - BLER performance versus SNR in EPA channel
We observe that without CFO compensation, the performance degrades significantly when the CFO increases, while CFO compensation can greatly reduce the performance loss. Compared to the performance with the frequency offset of 0 ppm, the performance loss with the frequency offset of 0.4 ppm is approximately 0.5 dB, as the ICI will increase when the CFO increases. 

We observe the following from the simulation results.
Observation 1: The frequency offset may degrade the performance significantly if it is not dealt with properly.
Observation 2: Frequency domain compensation at the receiver can effectively reduce the performance degradation caused by frequency offset.
5. Conclusion

In this contribution, we analyzed the time and frequency synchronization aspects and presented our link-level evaluation results on the CFO impact on the discovery signal. Based on the simulation results, we observed the following.

Observation 1: The frequency offset may degrade the performance significantly if it is not dealt with properly.
Observation 2: Frequency domain compensation at the receiver can effectively reduce the performance degradation caused by frequency offset.
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