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1. Introduction
At the RAN1 #73 meeting, it was agreed to evaluate the performance of legacy cell discovery mechanism (i.e. PSS/SSS/CRS) for small cell scenarios based on assumptions agreed in [1], and further study the technical solutions if inadequacies are identified. In this contribution we evaluate the performance of legacy PSS/SSS based small cell discovery and explore potential enhancements.

2. Discussion

2.1. Evaluation Results
Herein we provide performance evaluation of legacy cell discovery for small cell scenario 2a sparse and dense deployments, in accordance with the agreed simulation assumptions in [1] and [2]. 

The CDF of SINR on PSS/SSS for the top 8 and 10 small cells with a synchronized network in scenario 2a is shown in Figure 1 for dense and sparse deployments respectively. It is observed that the SINR values are low for the small cells due to the collision of PSS/SSS, which brings challenges for legacy cell discovery mechanism. 
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Figure 1: CDF of SINR on PSS/SSS for the top 8/10 small cells in Scenario 2a
We apply the evaluation methodology alternative 1 agreed at the RAN1#72bis meeting to study the performance of cell discovery. System level simulation is performed to get the interference profile, which is then fed into a link level simulation to get the detection probability for the target set of detectable cells, i.e. small cells with signal levels at a UE with RSRP >= -127dBm. All the small cells are synchronized within a range of +/- 3 μs. A realistic detection algorithm is implemented at the UE without any information of surrounding PCIs and a simple PSS/SSS interference cancellation (IC) algorithm is applied in the UE. 

First we show the detection probability for sparse scenario, i.e. 1 cluster per macro cell and 4 picos per cluster. The detection probability for top 3 small cells in the target set of detectable cells is shown in Figure 2. It is observed that the best small cell can be detected with over 99% probability using 4 measurement samples and can be always detected with 8 or more measurement samples. The detection probability for the 2nd and 3rd small cells is around 50% and 10% respectively, which is expected as they are interfered by the strongest cell and experience low SINR as can be seen in Figure 1. Therefore, we have applied UE PSS/SSS IC to remove the impacts of the interferers. It can be seen that the detection probability significantly increases to around 99% and 82% using 6 or more measurement samples for the 2nd and 3rd small cell, respectively. 
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Figure 2: Detection probability of top 3 small cells in Scenario 2a, sparse

Observation:

· For scenario 2a sparse deployment, the detection probability for the best cell can reach 99% by exploiting 4 measurement samples. The probability for detecting the 2nd and 3rd cell is around 99% and 82% when UE IC is applied and 6 measurement samples are accumulated.

Herein we show the detection probability for dense scenario, i.e. 1 cluster per macro cell and 10 picos per cluster with a synchronized network, which is the most challenging scenario for small cell discovery. The densification of small cells in a cluster creates severe interference and thus the cell discovery performance is degraded. Figure 3 shows that the best small cell can be detected with over 99% probability using 8 or more measurement samples. Similarly as for sparse scenario, the 2nd and 3rd cell are detected with lower probability. By utilizing UE PSS/SSS IC, the detection probability significantly increases to around 99% and 90% using 10 or more measurement samples for the 2nd and 3rd small cell, respectively. 
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Figure 3: Detection probability of top 3 small cells in Scenario 2a, dense

Observation:

· For scenario 2a dense deployment, the detection probability for the best cell can reach 99% by exploiting 8 measurement samples. The probability for detecting the 2nd and 3rd cell is around 99% and 90% when UE IC is applied and 10 measurement samples are accumulated.
2.2. Performance discussion and Potential Enhancements
Evaluation results show that the UE can detect the best cell with high probability even in the dense scenario when utilizing 8 or more measurement samples. However, the detection probability for 2nd and 3rd cell may not be satisfying for certain user cases, such as load balancing and cell reselection where UE would need to detect a few neighbouring cells within a short time period. When network is synchronized, the PSS/SSS from multiple small cells collide and cause strong interference. Due to the constancy of the interfering signal, averaging across multiple instances of the desired PSS/SSS does not improve immunity to the interference. As can be seen from Figure 2 and Figure 3, the benefit of accumulating more measurement samples is not remarkable. On the other hand, the detection probability increases significantly by utilizing UE PSS/SSS interference cancellation. The interference cancellation of cell search has been a requirement for FeICIC since Rel-11 and hence there is no additional complexity with PSS/SSS IC over FeICIC UEs. Therefore, UE PSS/SSS interference cancellation should be considered to enhance the detection probability of other small cells without standards impact or increased UE complexity. 

It is also noted that detection probability depends heavily on the false alarm rate. It is likely that allowing a slightly higher false alarm rate than that agreed in the evaluations could increase detection probability with minimal negative impacts in practice since the PSS/SSS detection will be followed by RSRP measurements based on the CRS. A suitable and acceptable setting for the false alarm rate should be further investigated if an increase in detection performance of the PSS/SSS is desired.

Proposal:

· UE interference cancellation should be considered as an enhancement on small cell discovery.
3. Conclusions
In this contribution, we discussed the performance of small cell discovery based on legacy mechanism, (i.e., PSS/SSS/CRS), and made the following observations and proposals:

Observation:

· For scenario 2a sparse deployment, the detection probability for the best cell can reach 99% by exploiting 4 measurement samples. The probability for detecting the 2nd and 3rd cell is around 99% and 82% when UE IC is applied and 6 measurement samples are accumulated.

· For scenario 2a dense deployment, the detection probability for the best cell can reach 99% by exploiting 8 measurement samples. The probability for detecting the 2nd and 3rd cell is around 99% and 90% when UE IC is applied and 10 measurement samples are accumulated.

Proposal:

· UE interference cancellation should be considered as an enhancement on small cell discovery.
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