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1 Introduction 
In RAN1 #74, evaluation results on small cell on/off and small cell discovery were discussed [1], and captured in TR [2]. According to [3], the following issues are still open and need further discussion.
	· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.


In this contribution, we discuss small cell discovery procedures to support cell state transitions and discovery signal design based on existing signals.
2 Cell state transition mechanisms 
With introduction of small cell on/off, a small cell now can be turned on or off, adapting to the presence or absence of  UE to serve or traffic load variations in the cell. After a small cell is turned off, the small cell may be completely off transmitting nothing (called dormant state), or transmit discovery signals with a low duty cycle (called DTX state). The turned-off small cells may listen to signals from UEs or other cells. A small cell in an ACTIVE state is completely on, operating as a normal cell as seen by legacy UEs. 
In this contribution, we focus on the small cell transition from off to on state, which  is closely related with small cell discovery. Small cell discovery methods can be classified into two alternatives, depending on whether the discovery signal is transmitted in downlink or in uplink.

· Alt. 1: Using downlink transmissions for cell state transition
Figure 1 (a) shows the overall discovery procedure for Alt. 1.

In Alt. 1, small cells periodically transmit discovery signals and UE detects discovery signals. The UE can acquire time and frequency synchronization from a detected discovery signal, and then perform measurements (such as RSRP and RSRQ) on an additional discovery signal. If the UE is in RRC_CONNECTED state, the serving cell can decide which small cell serves the UE based on the measurement results reported by the UE.

From the measurement reports provided by the UE, the serving cell decides on a dormant small cell(s) to turn on . The decision is delivered through a (non-ideal) backhaul, and the target dormant small cells make a state transition from DTX to ACTIVE. Then, the system information on the active target small cells is provided to the UE. The UE can acquire the system information, which is broadcast by the now active target cell or RRC signalled by the serving cell. 
If all the dormant small cells participate in discovery signal transmission, it can create a large inter-cell interference especially in a densely deployed small cell network. To reduce such interference, it is desirable that only the cells near the UE participate in the cell-state transition procedure. This can be possible if the UE transmits a trigger signal and small cells can estimate the radio distance (e.g., path-loss) from the UE from the detected signal, as illustrated in Figure 1 (a). This way, only small cells in proximity can transmit discovery signals. In addition to the reduced inter-cell interference, the use of trigger signal reduces energy consumption at small cells while at the expense of larger energy consumption at the UE. By eliminating unnecessary discovery signal transmissions by small cells, the overall energy saving can be obtained especially when there are far more dormant small cells than connected UEs. However, the use of trigger signal implies slower cell discovery, and in turn, may result in lower UPT.  Considering inter-cell interference reduction and the trade-off between energy saving and discovery time, the introduction of trigger signal needs more discussion.
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Figure 1 Cell state transition mechanisms (a) using the downlink discovery signal, (b) using the uplink discovery signal.
· Alt. 2: Using uplink transmissions for cell state transition
If small cells are densely populated, interference mitigation technique may not be enough for reliable detection of downlink discovery signals. Such high interference condition can be avoided if the UE transmits a discovery signal instead and small cells detect the discovery signal. Since only UE transmits discovery signals, the downlink discovery signal transmission can be omitted, which saves time for cell state transition procedure and consumes less energy at small cells at the expense of UE energy consumption. Figure 1 (b) shows the discovery procedure for Alt. 2.
In Alt. 2, the UE transmits discovery signals.  Unlink Alt. 1, the UE should be in RRC_CONNECTED to participate in the cell state transition procedure. Small cells can first acquire synchronization from the detected discovery signal, and perform measurements on the discovery signal. 
3 Discovery signal design
3.1 Timing reference for discovery signal detection
In case of discovery signal transmission in downlink, the UE can use the timing of the serving cell as a timing reference for discovery signal detection or small cells may provide their own timing reference by transmitting synchronization signals. If the UE’s serving cell timing is used for discovery signal detection, small cells may transmit discovery signals for measurements only without transmitting synchronization signals. 
In case of discovery signal transmission in uplink, small cells can use a timing reference provided by the UE’s serving cell for discovery signal detection and UE may transmit discovery signals for measurements only, or the UE may provide its own timing reference by transmitting a PRACH preamble. In the latter case, the UE may transmit additional discovery signals for measurements.
· Discovery signal transmission in downlink

 According to [2], the baseline discovery signal is PSS/SSS/CRS. A small cell may transmit PSS/SSS to provide synchronization and CRS for measurements. Although PSS/SSS/CRS transmission by each small cell may enables autonomous discovery by UE without requiring network-assistance, the detection performance can be degraded if small cells are densely placed as illustrated in Fig. 2(a). According to [2], a UE can reliably detect only a few small cells in the small cluster with a high density due to severe inter-cell interference. Such poor detection performance can be improved by using the following two alternatives. 

· Alt. 1a: PSS/SSS interference cancellation [4]
UE can cancel undesired PSS/SSS if it is equipped with interference cancellation receiver. According to [4], a noticeable gain on the number of detected cells is observed with PSS/SSS cancellation.  Alt. 1a requires no network assistance and can enhance discovery performance.
· Alt. 1b: PSS/SSS sharing 
 In order to avoid high interference between PSS/SSS, only some of small cells in the small cell cluster may transmit the PSS/SSS, which is illustrated in Figure 2 (b). The rationale is that in such dense deployment of small cells the propagation delays to the UE from small cells neighbouring to each other are almost the same. According to [2], it can be assumed that transmissions of PSS/SSS from small cells in the same cluster are synchronized. Thus, a synchronization signal from a representative small cell can be reused as a timing reference for the other small cells in the same cluster.  This approach causes much less PSS/SSS interference, and thus can increase the number of detected small cells, while in contrast to Alt. 1a, it requires  network assistance; the network should inform UE of the correspondence between the PSS/SSS and measurement signals from small cells that share the PSS/SSS as a timing reference.   
· Discovery signal transmission in uplink 

A discovery signal for synchronization can be transmitted to provide a timing reference for additional discovery signals for measurement. A PRACH preamble can be used as for both timing acquisition and measurement. If a preamble is used only for synchronization, then additional discovery signal for measurement such as periodic SRS should be transmitted.
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Figure 2 Synchronization signal transmissions: (a) PSS/SSS interference cancellation (b) PSS/SSS sharing
3.2 Deign of discovery signals based on legacy signals
Discovery signals can be designed using legacy signals for UE complexity and the backward compatibility. Among existing signals, CSI-RS can be good candidates for the discovery signal provided that the network assists the cell discovery.
· Using  CRS as discovery signal

Using CRS as the discovery signal does not need any network assistance in the cell discovery procedure. However, if UE is unable to cancel a sufficient number of PSS/SSS and even CRS, then the discovery performance can be highly degraded. 
· Using CSI-RS as discovery signal 
The measurement on CSI-RS for small cell proximity determination is similar to the measurement for transmission point selection in CoMP. The serving cell needs to configure the UE with a set of CSI-RSs transmitted by small cells and the UE can report the measurement results for the configured CSI-RS set.  

If necessary, in order to enhance the accuracy of the measurement, the RE density of the measurement signal along the frequency axis can be increased, e.g. resources corresponding to the 4 CSI-RS antenna ports can be allocated for the discovery signal transmission. The use of CSI-RS resources for discovery signal has the least impact on legacy UEs because the discovery signals can be covered by ZP CSI-RS resources and be rate-matched around in PDSCH RE mapping. 

· Using PRACH preamble and/or SRS as trigger signals

Small cells can acquire synchronization and also can perform measurement on the detected PRACH preamble. However, for better measurement accuracy, periodic SRS transmission after transmitting a PRACH preamble needs to be considered. 

If UE transmits a PRACH preamble to trigger cell discovery mechanism, small cells need not perform random access response but follow the discovery procedure. Thus, small cells should be able to distinguish the purposes of PRACH preamble transmissions. A few preamble indices can be reserved for the purpose of triggering. 
The transmission powers of the preamble and SRS can be fixed or be made known to small cells so that small cells can estimate the path loss, i.e., the radio distance to the UE. 

4 Conclusions

In this contribution, we have discussed cell-state transition and small cell discovery mechanisms with/without the network assistance either using downlink discovery signal and/or using uplink trigger signal. 
Proposal 1: Trigger signal transmission by UE should be considered for less energy consumption at small cells and less inter-cell interference.

Proposal 2: PSS/SSS sharing by neighboring small cells should be considered to increase the detection probability in high density small cell deployments. 
Proposal 3: For cell discovery purpose, CSI-RS/PRACH preamble/SRS can be considered as candidates for discovery signals.
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