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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. To this end, small cell evaluation assumptions were agreed after the last RAN1 meeting (RAN1#72) [2].
In this contribution, we present initial evaluation results for small cell discovery based on the agreed evaluation assumptions [2]. The performance metric used is the CDF of the number of detected (small) cells. 
2 Evaluation methodology
We evaluate 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.
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. 
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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(a) 1 cluster, 4 small cells/cluster







(b) 1 cluster, 10 small cells/cluster
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(c) 2 clusters, 4 small cells/cluster







(d) 2 clusters, 10 small cells/cluster
Figure 1: CDF of the number of detected cells (macro and small cells) for Scenario #1.
From Figure 1, it is observed 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 by a factor of two, while the 50th and 90th percentile points of the small cell discovery CDF roughly double. Also, a significant number of UEs are able to detect the small cells located in more than one cluster.  
In addition, although the existence of the co-channel small cells reduce the detectability of the macro cells due to the co-channel interference from the small cells (see Figure 2 for comparison), the macro cell detection capability of the UE does not seem to be impacted too significantly with increased density of the co-channel small cells.
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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(a) 1 cluster, 4 small cells/cluster







(b) 1 cluster, 10 small cells/cluster
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(c) 2 clusters, 4 small cells/cluster







(d) 2 clusters, 10 small cells/cluster

Figure 2: CDF of the number of detected cells (macro and small cells) for Scenario #2a.
From Figure 2, similar to the first observation made for Scenario #1, the number of small cells detected increases (almost directly in proportion) with increased small cell density. Again, a significant number of UEs are able to detect the small cells located in more than one cluster. It should also be noted, that even for an equivalent number of detected small cells, the requirements may not be exactly the same between scenarios due to the need for inter-frequency measurement procedures. 
As expected, due to reduction of co-channel interference on both the small cell and macro layers, the total number of cells (including macro and small cells) detected increases for all density cases. However, the number of small cells detected increases only slightly compared to that of Scenario #1. This implies that the inter-small cell interference is the dominant interference contributor for small cell discovery. 
4 Conclusions
In this contribution, we provide initial evaluation of 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. Although further detailed analysis of the discovery procedures are to be conducted, we can make the following preliminary observations:
· The number of small cells detected increases (almost directly in proportion) with increased small cell density. 

· A significant number of UEs are able to detect the small cells located in more than one cluster. 

· Although the existence of the co-channel small cells reduce the detectability of the macro cells, the macro cell detection capability of the UE does not seem to be impacted too significantly with increased density of the co-channel small cells.

· Inter-small cell interference is the dominant interference contributor for small cell discovery.
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