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1. Introduction


Small cell on/off was discussed from RAN1 #72bis to RAN1 #74. Large number of contributions noted that the effectiveness of small cell on/off depends on how dynamically the small cells can be turned on or off. Note that there will be fundamental limits of how fast this can be done due to implications to legacy devices. This is typically tied to how long the small cell needs to be turned on in order to minimize impact on legacy UEs. In this contribution, we discuss discovery signals that may be sent during the small cell off period.
2. Discovery Signals

Discovery signals are sent periodically during cell off state (e.g. dormant cell state). The purpose of discovery signals for small cell on/off is two-fold. One is to aid the network in determining whether or not a particular dormant cell needs to be turned on. The other is to help reduce the transition time for UE handover when a new small cell becomes available (i.e. on).
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Figure 1. Broadcast of discovery signals to UEs in the vicinity

We have seen from evaluations that under certain conditions small cell on/off may result in network performance loss [1]. Although some aspects of this is contributed by conditions in which cell is turned on or off and how fast the on/off is performed, some of the loss is due to the fact that small cell on/off is done based on traffic load information or UE association only, without assessing the possible change in network capacity when a cell becomes on or off. For example, turning a cell on provides a cell splitting gain but also introduces additional interference to the surrounding area. The network must accurately assess whether or not turning a cell on is actually beneficial to the UEs in the network.

In order to help the network make better decisions, the UEs in the network can measure signal strengths of the discovery signals and report them to its serving cell, as depicted in figure 1. The network can collect this information to determine whether or not making a dormant cell active is beneficial from the network throughput perspective. With measurements it is possible for the network to accurately assess the gain from cell splitting and the loss from increased interference and make better judgment.
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Figure 2. Example of reduction in transition time for a UE with help of fast acquisition information 

Another benefit of discovery signals is that it can help UEs acquire synchronization with the dormant cell, so that when the cell becomes active, the start of reception of PDSCH and transmission of PUSCH can be as quick as possible. For example, if the network decides to make a cell active, it can send necessary information for fast cell acquisition (such as system information of the dormant cell) to the UEs that have reported strong signal strengths of the discovery signals, even before cell becomes active. As depicted in figure 2, this can significantly shorten the time required for a UE to perform cell search, synchronization, and handover.
3. Impacts on Different Releases

The benefits of discovery signals are only available to Release-12 UEs who are able to detect and measure the signals. To legacy devices, discovery signals will simply be some noise. Because of this, we should also make sure that the discovery signals are not sent too frequently as any increased interference to neighboring cells would defeat the purpose of why we have small cell on/off in the first place. In addition, reusing PSS/SSS (or even CRS) as discovery signals should be avoided as it may result in un-wanted legacy UE behaviors, i.e.,  legacy UEs may detect the discovery signals (e.g., PSS/SSS of dormant cells) as signals from an active cell and try to perform measurements (such as RSRP measurements). As the discovery signal does not replicate the entire LTE subframe, this may lead to inconsistent behaviors among legacy UEs. 

Additionally, to improve detection and measurement performances, it should not be required that the total number of identifiable discovery signals to be equal to total of number physical cell identities (PCIs). As long as the UEs can sufficiently identify the discovery signals among the dormant cells, the network can identify which cell is sending which discovery signal. Having a smaller set of discovery signals for Release 12 UEs to monitor will significantly help with implementation complexity.
4. Conclusion


In this contribution, we discussed some aspects of the discovery signal and its benefits in aiding small cell on/off. Based on our observations we propose the following:
· Proposal 1: Small cell on/off with discovery signal measurement done by the UE and fast acquisition information to be forwarded to the UE reporting the measurement should be considered.

· Proposal 2: The discovery signal should be designed so that it does not cause confusion to legacy UEs (i.e. Release-8,9,10,11).
· Proposal 3: Consider having a smaller set of identifiable discovery signals (compared to total number of PCIs) to help with Release 12 UE implementation.
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