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1 Introduction
In RAN1 #74 bis, evaluation results on small cell on/off and small cell discovery were discussed, and the following conclusion and agreements were made [1]:
	Conclusion:

· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off

Agreements:
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:

· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting 


In this contribution, we discuss the small cell discovery related to small cell state transition time reductions.
2 Cell state transition mechanisms 
With introduction of small cell on/off, a small cell can be turned on or off, adapting to the presence or absence of  UE to serve or traffic load variations in the cell [2]. A cell in dormant state is to switch-off in order to lower energy consumption as described in [3], and the dormant mode operation of a cell is described in [4] in energy saving perspective. Although the dormant mode operation is backward-compatible, the throughput performance is limited because the dormant mode operation is optimized for the energy saving but not for the throughput enhancement. Since dormant mode operations involve an OAM decision or inter-cell signaling, the cell state transition time can be large if non-ideal backhaul is used. Following evaluation results captured in [2] and discussions at the RAN1 #74 bis meeting, RAN1 reached the agreement that the reduced cell state transition time increases the throughput. 
In the legacy dormant mode operation, the dormant-to-On transition may include the initiation of PSS/SSS/CRS transmission, the measurement by a UE, and the report from the UE to the cell. In order to increase throughput, the dormant-to-On transition time can be reduced if a UE begins measurements (using a discovery signal) before a small cell transmits PSS/SSS/CRS provided that a small cell transmits the discovery signal even in dormant state. Note that this measurement for the dormant small cell helps to reduce the On-to-dormant state transition time as well because the UE already measures neighboring small cells using CRS (or using the discovery signal) even before the small cell informs the UE of its state transition. 
In [5], it is proposed that the cell state transition should be within 100 ms in order to acquire the meaningful throughput gain, and in [6] that we need to introduce discovery signals to facilitate measurements such as RSRP/RSRQ during the dormant mode. Such 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

With Alt. 1, a small cell is called DTx-cell if the small cell periodically transmits only discovery signal in a low duty cycle, or On-cell if legacy UEs recognize as a normal cell. A UE can acquire time and frequency synchronization, and then perform measurements using an discovery signal.
The serving eNB decides which DTx-cell to become an On-cell using the measurement reports from the UE. The decision is delivered through a (non-ideal) backhaul, and the target cell makes a state transition to the On state if the cell is in the DTx state. Then the system information on the target cell is provided to the UE. The UE can acquire the system information, which is broadcast by the target cell or RRC signaled by the serving cell. The serving cell can also decide to enter the DTx state after handing over RRC_CONNECTED UEs in the cell to other cells or sending deactivation messages before the cell changes from the On state into the DTx state. 
In order to reduce the On-to-DTx transition time, it is highly desirable that UEs can measure the neighbour cells either in the On-state or in the DTx-state. If all the neighbour cells are On-state, then UE can measure CRS following the legacy measurement procedures. On the other hand, if the UE is only allowed to detect but not allowed to measure discovery signals from DTx-cells, then the UE would only detect the presence/absence of DTx-cells and report the detection result to the serving cell. In turn, the serving cell would order the potential target DTx-cells to switch to the On state, and then the UE would begin to measure CRS from the now On-cells. Hence, the time required for the cell state transition increases since the serving cell can be selected only after the UE reports the measurement.   
If a UE performs the RRM measurement (using a discovery signal) from small cells regardless of small cells’ states even before small cells inform UE of small cells’ state changes, then the time required for the small cell state transition would be greatly reduced.
Proposal 1: A discovery signal should serve as a measurement signal to UE.
Proposal 2: If a downlink-based discovery signal is introduced, UE can measure the discovery signal from small cells regardless of the small cell’s state.
In the case where the RRM measurement using the discovery signal is used for cell association or handover, the RRM measurement using the discovery signal must be as reliable as the RRM measurement using CRS. Otherwise, inaccurate measurements can cause association to an irrelevant small cell, and UE may experience handover failure, radio link failure, or throughput loss.
Proposal 3: The RRM measurement using the discovery signal should be as accurate as the RRM measurement using CRS.
The introduction of trigger signal by a UE to initiate the transmission of discovery signals from small cells in the dormant mode can reduce the energy consumption at the expense of the longer cell detection time. However, the optimized duty cycle for discovery transmission can also save energy consumptions without introducing any trigger signals. 
Observation: The trigger signal transmission by a UE saves energy of small cells, but increases the cell detection time.
· Alt. 2: Using uplink transmissions for cell state transition

With Alt. 2,  UE transmits a discovery signal and small cells detects it, and hence a small cell in Off state transmits nothing but should be able to receive signals from UE. The serving cell decides on which small cell(s) in Off state to become On state, using measurement reports from small cells. The selected small cell makes a state transition from Off state to On state following the decision through a (non-ideal) backhaul. 
Since Alt. 2 does not require RRM measurement at UE, the cell state transition time for On-to-Off or Off-to-On can be reduced significantly and higher throughput is expected compared to the RAN3 dormant mode operation [4]. However, in Alt. 2 where the UE association to a small cell is determined by the uplink transmission, the selected small cell may not be optimal in terms of downlink transmission especially when the uplink spectrum and the downlink spectrum lies far apart.
Proposal 4: The downlink-based discovery signal transmission has higher priority than the uplink-based discovery signal transmission.
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Figure 1  (a) DTx-to-On transition mechanisms using the downlink discovery signal, (b) Off-to-On transition mechanisms using the uplink discovery signal.
3 Discovery signal design
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. 
The baseline discovery signal such as PSS/SSS/CRS may provide autonomous discovery by UE without requiring network-assistance, but the detection performance can be degraded if small cells are densely placed. Since a UE can reliably detect only a few small cells in the small cluster with a high density due to the severe inter-cell interference, as captured in [2], the PSS/SSS interference cancellation is one of solutions to increase the detection probability. However, the implementation complexity and the corresponding battery consumption might be problematic to a UE if the UE is located in the middle of a small cell cluster area. Moreover, if UE is unable to cancel a sufficient number of PSS/SSS, then the discovery performance can be highly degraded.
In order to avoid high interference between PSS/SSS, only some of small cells in the small cell cluster may transmit the PSS/SSS with the assumption of the network assistance. 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. This approach causes much less PSS/SSS interference, and thus can increase the number of detected small cells.
Proposal 5: PSS/SSS sharing by neighboring small cells should be considered to increase the detection probability in high density small cell deployments if the downlink-based discovery signal is introduced. 
After a UE acquires the detection timing, the discovery signal for measurements (e.g., CSI-RS) should be transmitted. The measurement on CSI-RS for small cell discovery 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. However, the measurement accuracy using CSI-RS may not be sufficient compared to the measurement accuracy using CRS. The further enhancement of CSI-RS for small cell discovery needs more discussions in the work item phase.
Proposal 6: For cell discovery purpose, CSI-RS can be considered as a candidate for the discovery signal.

4 Conclusions

In this contribution, we have discussed cell-state transition and small cell discovery mechanisms with/without the network assistance either using downlink/uplink discovery signal. 
Proposal 1: A discovery signal should serve as a measurement signal to UE.

Proposal 2: If a downlink-based discovery signal is introduced, UE can measure the discovery signal from small cells regardless of the small cell’s state.

Proposal 3: The RRM measurement using the discovery signal should be as accurate as the RRM measurement using CRS.
Observation: The trigger signal transmission by a UE saves energy of small cells, but increases the cell detection time.
Proposal 4: The downlink-based discovery signal transmission has higher priority than the uplink-based discovery signal transmission.
Proposal 5: PSS/SSS sharing by neighboring small cells should be considered to increase the detection probability in high density small cell deployments if the downlink-based discovery signal is introduced. 
Proposal 6: For cell discovery purpose, CSI-RS can be considered as a candidate for the discovery signal.
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