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1 Introduction

The RAN1#76 meeting identified a number of open issues related to transition time reduction for small cell on/off and discovery and concluded that, in addition to purposes given by the work item description, UE’s power efficiency and the impact to legacy UEs measurement can be discussed when considering candidate solutions for enhanced cell discovery procedure. To this end, it was further concluded that network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure, such as when to start monitoring, in which time instances (e.g., measurement gaps), for how long, which cells, etc. At the RAN1#76bis meeting it was further agreed that
For enhanced discovery procedure:
· UE can be configured with at least one DRS measurement timing configuration per frequency
· Note: DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS

· Note: UE can detect multiple cells based on a DRS measurement timing configuration on the frequency UE can expect DRS in DRS measurement timing configuration

· DRS measurement timing configuration includes at least period and offset and potentially duration

· The reference timing for the offset is a serving cell timing

· FFS: Which serving cell
In this contribution we discuss different types of timing information for network assistance that can enable energy-efficient small cell detection and RRM measurements based on DRS.
2 Timing information for small cell discovery and measurements 
A DRS measurement timing configuration is signaled to the UE to indicate when the UE may perform cell detection and RRM measurement based on Rel.-12 discovery reference signals. In what follows, we discuss different kinds of timing information that the UE can be provided to improve the energy-efficiency of the small cell discovery and render the monitoring operation of small cell in DTX mode more flexible.
Alternative 1: Starting time and ending time to monitor DRS from a cell operating in DTX mode. 

To reduce the DRS monitoring effort, hence improve the UE’s energy efficiency, the network may assist the UE by triggering and disabling monitoring operation for certain cells as illustrated in Fig. 1. In essence, the DRS measurement timing configuration may be used to indicate when the UE should start and/or stop monitoring DRS transmitted by certain cells. An explicit time indication, though, may not be necessary as the signal itself may be used as a trigger. This type of signal could easily be transmitted by PDCCH or EPDCCH from the serving cell. It could be further left to the UE implementation to determine whether and when to monitor the indicated cells after receiving the DRS measurement timing configuration.

Alternatively, an explicit starting time could be signaled to the UE. For instance, the DRS measurement timing configuration may carry a set 
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 of time-delays to start monitoring small cell nodes operating in DTX mode, while a L1-signaling could be used to dynamically configure one value Di to start monitoring DRS transmitted by one or more small cells as illustrated in Fig. 2. The time delay could be expressed, for instance, in terms of number radio frames with respect to the timing of a serving cell.  
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Fig. 1: Example of network assistance triggering or disabling DRS measurements for different small cells. 
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Fig. 2: Example of network assistance indicating an explicit starting to monitor different small cells. 
Alternative 2: Timing information related to periodic DRS-based cell detection and RRM measurement.
Similar to legacy RRM measurements, the UE may be configured to periodically monitor small cells operating in DTX mode with a measurement gap repetition period P for DRS detection and measurements. As discovery signals transmitted by different small cells operating in DTX mode may have different periodicity and burst duration, it may be beneficial to configure the UE to monitor different cells with different measurement gap repetition period depending on the time characteristics of the associated discovery reference signal. Therefore, the network may assist the UE to monitor different small cells operating in DTX mode with different timing information (e.g., starting time and measurement gap), or with the same timing information for multiple small cell nodes. Similarly to the previous cases, the DRS measurement timing configuration may carry a set 
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 of possible measurement periods to be used for monitoring small cell nodes, while a L1-signaling can be used to dynamically select the most appropriate value Pn for monitoring discovery signals transmitted by a small cell (or group of small cells). 
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Fig. 3: Example of network assistance indicating an estimate of the on-to-off switching time of small cells.
Alternative 3: Timing information related to the duration of the small cell discovery and measurement.
Additionally, a UE may be provided with network assistance related to how long to monitor small cells operating in DTX mode. Similarly to the periodicity of DRS-based small cell detection and RRM measurement, it may be beneficial to configure a UE to monitor small cells operating in DTX mode for a time window W that depends on the time-frequency characteristics of the discovery signals to be monitored. Therefore, the network may assist a UE to monitor different small cell nodes for different amount of time. Similarly to the other cases, the DRS measurement timing configuration may carry a set of 
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 possible DRS-based measurement lengths for monitoring small cells, while a L1-signaling may be used to dynamically select the most appropriate value Wm for monitoring discovery signals transmitted by a particular small cell (or group of small cells).
Alternative 4: Timing information may be determined at the network side associated with the OFF-to-ON switching time of small cells to be monitored.
In some scenarios, it may be beneficial to provide the UE with network assistance related to timing information associated to the OFF-to-ON switching time of a small cell to be monitored. In other words, the network may indicate to the UE roughly when a dormant small cell is expected to transit from “OFF” to “ON” state, or vice versa. Similarly to the case in Fig. 2, the DRS measurement timing configuration may comprise a set 
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 of potential residual duration of a dormant state, while an L1-signaling could be used to dynamically indicate one value Ti of the estimated residual time in dormant state associated to the small cells to be monitored as showed in Fig. 3. With this information, the UE may autonomously and timely detect the small cells, perform the associated discovery signal measurement and report, thereby enabling an energy-efficient small cell discovery. 

Therefore, to improve the energy-efficiency of the small cell discovery and the corresponding RRM measurements for the UE, network assistance related to different types of timing information for small cell discovery can be provided to the UE.

Proposal 1: Timing information related to small cell detection and RRM measurement may include:

· Starting time and ending time to monitor DRS from a cell operating in ON/OFF;
· Periodicity of DRS-based small cell detection and RRM measurement;
· Duration of DRS-based small cell detection and RRM measurement;
· Timing information may be determined at the network side associated with the OFF-to-ON switching time of small cell to be monitored.
3 Other forms of energy-efficient small cell discovery 
To further enhance the energy-efficiency of the Rel-12 small cell discovery mechanism and the associated RRM measurement of discovery signals, it would be beneficial to account for the UE’s energy status or the UE preference for energy-savings over performance when configuring the UE for small cell discovery. For instance, as the Rel-12 discovery procedure shall be configured only for RRC-CONNECTED UEs [1], a UE with medium-low battery may benefit from more sporadic or shorter measurements of discovery signals when the serving cell already provides a sufficiently good service. 
To this end, existing Rel.-11 procedures already allow to configure the UE to provide UE assistance information [3] to inform the network of the UE’s power saving preference. With this information, the UE could be configured with the most appropriate set of parameters for small cell discovery that assures a good compromise between the performance of the small cell discovery (e.g., sufficiently high detection probability) and the power savings at the UE.

Alternatively, the UE itself may be enabled to select and report to the network a preferred set of parameters for small cell discovery based on its energy level. For instance, if the UE is semi-statically configured with a set of potential measurement periodicity 
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 and a set of potential measurement window 
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, the UE may indicate a preferred combination (P, W) based on its energy level. The network may then acknowledge the UE’s preferred parameter selection or propose a different one. 

Proposal 2: To improve the energy-efficiency of the small cell discovery and the corresponding RRM measurements for the UE, it would be beneficial to configure the UE to monitor small cell operating in DTX mode based on its energy status.
4 Conclusions

In this contribution we have discussed different type of timing information associated to discovery measurement that can be used for energy-efficient small cell discovery based on network assistance.

Proposal 1: information related to small cell detection and RRM measurement may include:
· Starting time and ending time to monitor DRS from a cell operating in ON/OFF;
· Periodicity of DRS-based small cell detection and RRM measurement; 

· Duration of DRS-based small cell detection and RRM measurement;
· Timing information may be determined at the network side associated with the OFF-to-ON switching time of small cell to be monitored.
Proposal 2: To improve the energy-efficiency of the small cell discovery and the corresponding RRM measurements for the UE, it would be beneficial to configure the UE to monitor small cell operating in DTX mode based on its energy status.
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