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1. Introduction
At the RAN1#72bis meeting, performance metrics, the evaluation methodology, and scenarios for evaluating small cell discovery were agreed, upon [1]. Although there were some parts FFS as indicated below, they are to be resolved at the RAN1#73 meeting.

Agreement for next steps for RAN1#73:

· Metrics for evaluation: 

· ...

· Number of detectable cells in the chosen scenarios 

· Target FFS for each scenario (or for a given SINR)

· Target false alarm probability FFS
· ...

· ...

· …
· Synchronisation cases (in order of decreasing priority):

· 1: Synchronized transmission of discovery signal both within and between clusters in the same or different macro cells

· 2: Synchronized transmission of discovery signal within clusters; unsynchronized between clusters

· 3: Unsynchronized

· FFS: Level of synchronization (including timing offset between cells)
Resolve FFSs at RAN1#73.
In this contribution, we describe our views on the target number of detectable cells, target false alarm probability and level of synchronization.
2. Target Number of Detectable Cells
At the RAN1#72bis meeting, many contributions argued that not only the best RSRP small cell but also neighboring small cells should be detected for the following usage cases.
· Load balancing and interference coordination (including on/off operation) [2-7]

· Autonomous configuration of a new small cell [8,9]

· Support for closed subscriber group (CSG) operation [7]
· Mobility robustness [10]

In addition to the above usage cases, we also found some other usage cases in which the UE must detect multiple nearby small cells as shown in Figure 1.
For example, future minimization of drive tests (MDTs) for dense small cell deployments would seem to fit the usage case for detecting multiple small cells. An MDT would also be very useful for future small cell deployment because operation cost should be significantly reduced. The MDT UE needs to detect many surrounding small cells in a dense deployment for fine location information even if GPS is not available. To obtain the location information based on downlink signals, at least three cells need to be detected in general.
In addition, if we consider the 3D beam forming in each small cell, the load balancing among small cells would be achieved more efficiently. In such a scenario, the UE must detect multiple small cells for flexible offloading operation.
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Figure 1 – Additional usage cases for detecting multiple nearby small cells
Multiple carrier operation should also be taken into account in future small cell deployments. If small cells transmit the discovery reference signal (RS) at a certain component carrier (CC) (called “measurement carrier” hereinafter) as shown in Figure 2 (a), the UE needs to detect at least three or more cells at the carrier to achieve the offloading potential and various use cases for not only the measurement carrier, but also the other carriers. It is noted that the second or third best cell in the measurement carrier can be the first best cell in the other carriers in ICIC/load balancing scenarios. On the other hand, if small cells transmit the discovery RS at every CC as shown in Figure 2 (b), the UE needs to detect only one best cell at each carrier because the total number of detected cells would be sufficient. However in such a case, since UE needs to perform the cell identification at multiple carriers, the UE effort for cell identification for multiple carriers should be minimized. Of course, it would be desirable that the design criteria for small cell discovery should cover both cases, i.e., detecting multiple small cells at a certain carrier and minimizing the UE effort for cell identification for multiple carriers.
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Figure 2 – Two possible cases of the cell identification in multiple carrier operation
To summarize the above points, we propose the following.
Observation 1: There are the following usage cases in which the UE must detect multiple nearby small cells.

· Load balancing and interference coordination (including on/off operation)

· Autonomous configuration of a new small cell

· Support for CSG operation

· Mobility robustness

· Future MDT for dense small cell deployment

· Load balancing based on 3D beam forming

Proposal 1: The target number of detectable small cells should be at least three or more.
3. Target False Alarm Probability
The false alarm probability is defined as the probability of making the wrong decision, i.e., the detector decides a signal exists when the signal does not exist in fact. So, in a small cell discovery study, the false alarm probability is the probability of detection for any cell in the case of only noise input. Although there is another case in which error occurs, i.e., the detector decides cell-A is detected when the signal from cell-B is received in fact, and such a “misconception” should be treated separately from the target false alarm probability. This is because generally the false alarm probability for cell-A in the above case is lower than that for the noise only input case.
Considering the actual UE procedure, a false alarm leads to the carrying out of unnecessary processes after discovery. Hence, many false alarms consume UE battery and such cases should be avoided.
On the other hand, generally there is a trade-off between minimizing the false alarm probability and maximizing the detection probability. If the target false alarm probability is too low, the signal cannot be detected even in a high SINR situation due to the high detection threshold. We feel that 0.001 would be a reasonable target value of the false alarm probability for the initial evaluation purpose.
Proposal 2: The target false alarm probability should be sufficiently low, e.g. 0.001.
4. Level of Synchronization
In order to reduce the UE battery consumption for discovery, i.e., minimizing the duration of the observation time window, synchronized transmission of discovery signals among small cells is preferred [5-7].
Even in the case of assuming a synchronous network, a certain level of timing offset and frequency offset among discovery signals at the receiver should be considered in the evaluation of small cell discovery. This is because the time and frequency offsets affect the discovery performance and hence the discovery signal design.

Based on the current RAN4 specifications of the frequency offset [11], the minimum requirement for the frequency error of a local area BS, i.e., +/- 0.1 ppm, can be referred to as the frequency offset between small cells. In addition, the initial frequency offset between a UE and small cell seems to be +/- 3 ppm as well as conventional cell search studies.

Regarding the timing offset, we can refer to the synchronization requirement for a TDD network [12]. In addition to a +/- 3µs timing offset, we need to consider the timing difference between small cells due to the propagation delay. Since the signal from small cells very far away can be ignored, the timing offset among small cells can be set to +/- 4 µs.

Proposal 3: Even when assuming a synchronous network, the following timing and frequency offsets should be considered in the discovery evaluation.
· +/- 0.1 ppm frequency offset between small cells

· +/- 3 ppm initial frequency offset between a UE and small cell

· +/- 4 µs timing offset between small cells

5. Conclusion

In this contribution, we presented our views on the target number of detectable cells, target false alarm probability and level of synchronization. 
Observation 1: There are the following usage cases in which the UE must detect multiple nearby small cells.

· Load balancing and interference coordination (including on/off operation)

· Autonomous configuration of a new small cell

· Support for CSG operation

· Mobility robustness

· Future MDT for dense small cell deployment

· Load balancing based on 3D beam forming

Proposal 1: The target number of detectable small cells should be at least three or more.

Proposal 2: The target false alarm probability should be sufficiently low, e.g. 0.001.
Proposal 3: Even when assuming a synchronous network, the following timing and frequency offsets should be considered in the discovery evaluation.
· +/- 0.1 ppm frequency offset between small cells

· +/- 3 ppm initial frequency offset between a UE and small cell

· +/- 4 µs timing offset between small cells
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