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Discussion and decision 
1 Introduction 
One of the objectives of the small cell enhancement study item is to study [1]:
· Mechanisms for efficient discovery of small cells and their configuration. 

There is a need to first evaluate if the existing cell discovery mechanisms are sufficient to address the new small cell deployment scenarios [2]. To this end, small cell evaluation metrics were agreed during the last RAN1 meeting (RAN1#72bis):

· Metrics for evaluation: 

· UE battery consumption for discovery

· Number of supportable individually identifiable small cells

· Baseline is current number of supported PCIDs

· Identify whether the current number is sufficient

· Number of detectable cells in the chosen scenarios 

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

· Target false alarm probability FFS
· Detectability as defined in 36.133 for initial evaluation

· Probability of detecting a cell as a function of distance

· Detection time (e.g. taking into account ability to support small cell DTX operation / energy consumption)

· Ability to estimate the signal strength of a small cell

· Overhead

· Impact on legacy UEs

During RAN1#72bis initial evaluation results in [3] were presented on the distributions of the number of detected macro and small cells for different deployment scenarios. In this contribution, we present additional evaluation results focusing on small cell discovery and characterize different regions in the network where variation in discovery performance is observed due to different deployment topologies. 
2 Evaluation methodology
2.1 Cell detection metric

The main metric evaluated is the number of detected small cells by the UE for the co-channel scenario (Scenario #1) and the non-co-channel outdoor scenario (Scenario #2a). For simplicity, we assume perfect synchronization among the cells, i.e. no time/frequency offset between the received signals from different cells.
We follow the same modeling approach as in [3]. For cell discovery, the UE begins by scanning for PSS and then SSS to identify a set of candidate cell IDs. Given a candidate cell ID, the UE then attempts to detect and measure the CRS of the candidate cell. In this contribution, we evaluate the number of detected cells by the UE from PSS and SSS detection.
We denote the average SINR received by the UE from the synchronization signals as SINRSCH, which is approximated as
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where S is the average received signal power of the target cell, I is the sum of the average received interference power for all cells excluding the target cell and  r is the average correlation between two synchronization signal sequences. To determine r, we assume random PCI assignment and calculate the average correlation between two PSS+SSS sequences to be approximately 0.1098.
We assume a cell is detectable by the UE if SINRSCH>-6dB [4]. 
2.2 UE selection

General evaluation results for Scenarios #1 and #2a can be found in [3]. In this contribution we focus on small cell discovery performance for UEs inside or near small cell hotzone clusters. This approach is to give insight into the observed small cell discovery characteristics for the subset of UEs who are more likely to benefit from discovering a small cell within a cluster e.g. through handover, dual connectivity, or interference coordination..

In order to select a set of candidate UEs for evaluation, a relative RSRP threshold is applied between the macro and small cell layers. For a given UE the difference between the RSRP of the strongest macro cell and the strongest small cell are compared as a proxy for excluding UEs far away from the small cell cluster, who are not likely to be interested in discovering the small cells. A selection threshold T is applied such that if RSRPmacro – RSRPsmall_cell < T, the UE is selected for evaluation of discovery performance. The value of the threshold T will determine the proportion of the total UEs considered. As T decreases, the total percentage of UEs evaluated is reduced, considering only those with strong small cell RSRP relative to the macro cell. In this contribution, T = 20 dB was chosen since for Scenarios #1 and #2a, it results in roughly 2/3 of the UEs (corresponding to the hotzone UE distribution) being selected for evaluation.

2.3 Per-UE clustering
 Both Scenario #1 and #2a are based on clustered dropping of the small cells within a hotzone radius. Thus the definition of a cluster has a well-defined geographic meaning. However for a given UE, the perceived “cluster size” may vary depending on the location of the UE. For example a UE in the center of a hotzone may observe fairly strong RSRP from all or almost all of the small cells within the hotzone. However a UE just outside the edge of the hotzone may only observe a strong signal from a fraction of the small cells.

Based on this observation we introduce a notion of a per-UE cluster based on the number of small cells with a RSRP value that falls within a “gap” defined by the strongest small cell RSRP observed by the UE and a threshold RSRPgap. 
Figure 1 illustrates the measurements taken for the UE selection and per-UE cluster definition. In summary, a UE is selected for evaluation if RSRPm,1- RSRPsc,1 < T, and a small cell x is included in the per-UE cluster if RSRPsc,1 -RSRPsc,x < RSRPgap.
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 Figure 1: Measurements at the UE for discovery evaluation selection and per-UE cluster definition.
3 Evaluation results
3.1 Scenario #1
Scenario #1 considers outdoor small cell deployments on the same carrier as the macro cells. The primary difference with prior HetNet studies is the clustered deployment of the small cells with one or two clusters with 4 or 10 small cells each deployed within a radius of 50m and within a 70m hotzone radius for the UE dropping. The transmit power of the small cells is selected as 30 dBm in the following results.
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Figure 1: CDF of the number of detected small cells and per-UE cluster size for Scenario #1.
As previously observed in [3], we note that the number of small cells detected increases with increased small cell density. In fact the increase is almost directly proportional to the factor of the density increase. For example in from Figure 1a to Figure 1b, the number of small cells per macro cell area increases from 4 to 10, while the 50th percentile point of the small cell discovery CDF roughly doubles. Also, a significant number of UEs in both cases are able to detect the small cells in the nearby cluster (4 or 10). 
In addition, when considering the size of the per-UE cluster as a function of the RSRPgap threshold, it is observed that 75% of UEs in the 4 small cells/cluster case detect at least as many small cells as the corresponding size of the per-UE cluster, up to a cluster threshold of 15 dB lower RSRP than the strongest small cell. In the case of 10 small cells/cluster, the crossover between the per-UE cluster CDF and the detected small cell CDF takes place at 85%. For RSRPgap threshold of 12 dB, the crossover between the per-UE cluster CDF and the detected small cell CDF improves to 93% and 96% for 4 small cells/cluster and 10 small cells/cluster, respectively.
3.2 Scenario #2a

Scenario #2a considers the same outdoor small cell deployments topologies as Scenario #1, however the small cells are on a different carrier from the macro cells. Transmit power of the small cells is again set at 30 dBm.
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Figure 2: CDF of the number of detected small cells and per-UE cluster size for Scenario #2a.
Comparing the results in Figure 2 with Figure 1, we note that there is a small, but noticeable shift to the right in the distribution of the number of detected cells, quantifying the gain from removing macro interference on the small cell synchronization signals. Again, a significant number of UEs are able to detect the small cells located in more than one cluster. In fact the percentage of UEs who detect more small cells than the comparable per-UE cluster size is increased compared to Scenario #1.   For RSRPgap threshold of 15 dB, the crossover between the per-UE cluster CDF and the detected small cell CDF is 75% and 90% for 4 small cells/cluster and 10 small cells/cluster, respectively. For RSRPgap threshold of 12 dB, the crossover between the per-UE cluster CDF and the detected small cell CDF improves to almost 100% for both 4 small cells/cluster and 10 small cells/cluster.
4 Conclusions
In this contribution, we provided evaluation results on small cell discovery for Scenario #1 and #2a based on the CDF curves of the number of detected cells with respect to the received SINR of the PSS/SSS. Additionally, we considered the characteristics of UE-perceived small cell cluster size and its relation to the discovery distribution. 
From the results we make the following observations:
Observation 1: The number of small cells detected increases (almost directly in proportion) with increased small cell density. 

Observation 2: For hotzone UEs, the number of detected small cells is typically greater than the number of small cells observed by a UE to be within a RSRP range down to 15 dB lower than the RSRP of the strongest small cell.
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