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1 Introduction

Small cell discovery has been discussed in RAN1#72bis. Following has been agreed:

· Begin by evaluating performance of legacy mechanism (i.e. PSS/SSS/CRS)

· If inadequacies are identified with the legacy mechanism, evaluate:

· first, approaches based on modified SS/RS

· second, approaches based on new discovery signal

In RAN1#73, further evaluation metrics were agreed for evaluation:

· Target false alarm probability: 0.01 is used for initial evaluation purpose 

· Target set of detectable cells: 

· Alt.1: Small cells within RSRP gap = Y, Y=15 dB is baseline 

· Alt.2: Top N small cells of a UE with RSRP >= X, N >= 3 and X=-127 dBm are baseline 

· Evaluation metrics: Detection probabilities and RSRP measurement accuracies for at least top 3 small cells (target set of detectable cells) 

In this contribution, we would like to provide some link level simulation results on the performance of legacy PSS/SSS and PRS. We also provide the comparison between PRS versus PSS/SSS as candidate discovery signal.
2 Evaluation Results
Evaluation assumptions
In this contribution, only link level simulation results were provided. We simulated one cell case, so we assume there is no collision of PSS/SSS and PRS. It is assumed that PRS is distributed over 50PRBs and PSS/SSS is averaged over two subframes. The target false alarm probability is 0.1%. The detailed parameters are shown in the following table: 
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Table 1: Simulation assumptions
LLS results of PSS/SSS (2 samples) and PRS 
Link Level Simulation results of PSS/SSS and PRS are shown in Figure 1. Channel AWGN and EPA were simulated.
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Figure 1: Link Level Simulation results of PSS/SSS and PRS
From the simulation results, we can see that there is 10dB gain with PRS compared with PSS/SSS. The gain may come from two aspects:
· PRS is transmitted on more REs than PSS/SSS. 

Both PSS and SSS are transmitted on 62REs per subframe. Since we take 2 samples for PSS/SSS, the total number of REs for PSS/SSS in the evaluation is 62*2*2 = 248 REs. If we assume normal cyclic prefix and one/two PBCH antenna, according to [1], the number of REs for PRS is 50*16 = 800 REs. Here 50 means that PRS is transmitted on 50 PRBs. Comparing those 2 values for used REs for detection, 800/248 = 3.2, which means roughly 5dB gain coming from more REs usage. 
· PRS has more frequency diversity than PSS/SSS.

PRS is transmitted across the whole bandwidth in the evaluation, while PSS/SSS is only transmitted on the central 6RBs.
PRS can be sent orthogonally among multiple PRS. Above simulation of interference is white. If coordinated transmission of PRS is considered, the performance could be further improved.
Observation:
-
Link level simulation shows that PRS has roughly 10dB gain over PSS/SSS.
3 Comparison of PSS/SSS and PRS
PSS/SSS and PRS have following Pros and Cons:

PSS/SSS:

· Pros: 

· PSS/SSS specification can be reused, no specification impact.
· If legacy UEs are supported, PSS/SSS will anyway be transmitted, so no extra resources are needed to transmit discovery signal.
· Cons:
· In case macro cell and small cells are synchronized, overlapping of multiple PSS/SSS could happen. If larger number of PSS/SSS overlaps with each other, the detection performance could be the issue as only 3 sequences are defined for PSS.

· The cell ID based on PSS/SSS/CRS is restricted to up to 504 currently. Then if a large number of small cells are deployed within macro coverage, physical cell ID confusion, where the network cannot uniquely identify the target cell, could happen. This requires very elaborated cell planning or SIB reading of the target cell by the UE, which makes the procedure slow.
· The lowest geometry that PSS/SSS can reach is around -4dB or -6dB. It is not sufficient for cell range extension or flexible cell range (FCR) in [2]. In those cases, the best geometry cell is not the serving cell in order to improve the throughput or to reduce the network power consumption. In this case, deep penetration of the discovery signal (i.e. to detect cell in bad geometry condition) is useful.
PRS:

· Pros:
· From the simulation results, we can see that PRS has roughly 10dB better performance than PSS/SSS. Therefore, PRS can support deeper penetration than PSS/SSS.
· Sequence of PRS can be modified to support larger physical cell ID.

· PRS is frequency shifted, depending on physical cell ID. Therefore, it reduced the collision among PRS. The subframes, where PRS is transmitted, are also configured by higher signalling, so coordination of PRS among cells to avoid collision is possible.
· Multiple cells transmitting PRS as discovery signal in the same subframe allows to shorten the measurement gap. This is useful because UE can identify target small cell without large overhead. It is especially useful when the number of small cell frequency increases.
· Cons
· PRS is only transmitted when it is configured. If PRS is used for small cell discovery, it has to be configured, which means extra REs are used for small cell discovery. It causes interference to neighbouring cells and wastes the resources, although the target is very infrequent transmission like once every 200ms.
· Modification of PRS sequence is necessary to support larger physical cell ID. It takes specification effort.
4 Summary

Based on the discussions above, we have following observations and proposals:
Observation:

· Link level simulation shows that PRS has roughly 10dB gain over PSS/SSS.
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