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1 Introduction
Up to now, 3GPP RAN1 has spent a lot of efforts on evaluating the performance of different candidates for small cell discovery with certain assumptions related to the time/frequency synchronization [1]:
· Synchronized transmission of PSS/SSS/CRS with timing/frequency offsets is assumed 

· +/- 3 μs timing offset and +/- 0.1 ppm frequency offset among small cells are used 
This contribution provides the discussions on the potential time synchronization mechanisms for small cell discovery in practical situations, especially in the case of inter-frequency small cell discovery.
2 Timing acquisition for small cell discovery 
In order to be able to perform small cell detection based on the small cell discovery signal, a UE needs to either assume or acquire timing from the small cells to be discovered. This could be particularly difficult in the non-co-channel small cell deployment scenario #2a shown in Figure 1. 
As pointed out in [2], even assuming perfectly synchronous operation between macro and small cell layer, the maximum received timing difference between macro and small cell could be 31.37µs comprising propagation delay (30µs), initial transmission timing error (24Ts), uncertainty of the reception time in the UE downlink (10Ts), and eNB time alignment error (260ns). 
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Figure 1. Inter-frequency small cell discovery
If network assisted synchronization is defined [1], e.g., an eNB can inform an RRC_CONNECTED UE the rough timing of the small cell cluster, the UE could minimize the search window and reduce the effort on cell detection. But the network assistance could not completely relax the UE requirement for timing synchronization. 

This implies that in any case a certain timing acquisition is necessary during small cell discovery process. 
Observation 1: Timing acquisition should be considered as part of small cell discovery mechanism.

3 Discussions on potential mechanisms

The candidate mechanisms listed in [1] for small cell discovery can be categorized into two groups: 

· small cell discovery signal includes PSS/SSS: e.g., legacy PSS/SSS, PSS/SSS IC, PSS/SS muting, CDS etc.

· small cell discovery signal does not include PSS/SSS: e.g., PRS, CSI-RS etc.

PSS/SSS-based timing acquisition 

For the first group, it is natural that the UE can perform cell detection and at the same time acquire timing for the detected cell.
For the second group, if there is  additional PSS/SSS transmitted at the same time, then PSS/SSS can be used for assisting the timing acquisition. In order to capture PSS/SSS and PRS or CSI-RS in the case of inter frequency small cell discovery, the fact that both PRS and CSI-RS could not collide with the transmissions of PSS/SSS [3] might require much complexities and configurations for the UE.
Observation 2: In order to capture PSS/SSS and PRS or CSI-RS in the case of inter frequency small cell discovery, the fact that both PRS and CSI-RS could not collide with the transmissions of PSS/SSS might require much complexities and configurations for the UE.
DS based timing acquisition without PSS/SSS 

The non PSS/SSS based discovery signals would need to acquire the timing by performing acquisition on the discovery signal itself, without any assistance of PSS/SSS. For CSI-RS, however, Intel showed in [2] that there is a peak ambiguity issue as long as the timing difference is more than 5.56us.  Hereby we also confirm this issue as shown in Figure 2.
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Figure 2. Auto-correlation Function of a CSI-RS signal
As discussed in Section 2, the minimum UE search window size would be at least ±31.37 µs, i.e. 62.74 µs. Considering that the distance between two peaks is 5.56µs, the search window would contain at least (2 ∙ 31.37µs / 5.56µs) ≈ 11 peaks. If the UE selects wrong peak as the timing reference, severe ISI (inter-symbol interference) might be introduced and deteriorate the cell detection performance [2].
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Figure 3. Auto-correlation Function of a PRS signal
PRS has the similar property as illustrated in Figure 3. There are some differences from that of CSI-RS:

· the true peaks is more than 6dB above the other peaks.

· the peaks are not spread over the whole range, but located around the true position.

· the distance between two adjacent peaks is around 11.1µs: this comes from the repetition of the mapping REs of PRS once every 6 REs instead of 12 REs.
Still, PRS could not reliably be used alone for timing acquisition if considering a search window size of 62.74 µs. 
Observation 3: PRS and CSI-RS are not suitable for timing acquisition due to the peak ambiguity issue.
4 Conclusion 

In this contribution, we discuss the timing acquisition issue for small cell discovery, and have the following observations:
Observation 1: Timing acquisition should be considered as part of small cell discovery mechanism.
Observation 2: In order to capture PSS/SSS and PRS or CSI-RS in the case of inter frequency small cell discovery, the fact that both PRS and CSI-RS could not collide with the transmissions of PSS/SSS might require much complexities and configurations for the UE.
Observation 3: PRS and CSI-RS are not suitable for timing acquisition due to the peak ambiguity issue.
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