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1.
Introduction
The updated SCE WID in RAN 61# includes the following aspects [1]:
· 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.
Furthermore, the agreement on efficient discovery of small cells from RAN1-#74 mentions [2]

“…to expand the possibilities for efficient operations in small cell layer such as load balancing, CoMP/ICIC, efficient small cell on/off, and to enhance mobility robustness in the small cell layer, the enhancement of cell detection could be considered for the timely detection of surrounding small cells.”
In this contribution we present several aspects to be considered for discovery of small cells under on/off switching. 
2.
Discovery Procedures for Small Cell On/Off
2.1 Motivation in Small Cell Deployment

It is observed from the SCE TR that the legacy cell discovery mechanism is sufficient for a UE to detect up to three strongest active cells in dense deployment. However, the discovery mechanisms for small cells in dormant state have not been extensively evaluated except for preliminary results in [3]. This shortcoming needs to be rectified since on/off switching has been identified as a potentially key approach for efficient operation of small cells. Two categories of on/off switching have been considered in the SCE SI: semi-static small cell on/off where the dormancy period is pre-determined, and dynamic small cell on/off where the dormancy period is based on network traffic loads. The introduction of small cell on/off switching is expected to impact the cell detection performance of UEs, and may require enhancements to discovery procedures currently under discussion as described in the sequel. 
Proposal 1: The study and evaluation of small cell discovery procedures under small cell on/off operation should be prioritized.
The candidate solution mentioned in the SCE TR, i.e. burst transmission of DL-SS/RS, is to transmit DL SS/RS with long duty cycle by small cells in OFF state (refer to Section 7.2.2.2 in SCE TR). In this solution, the timing of sending the discovery signal needs to be signalled to the UE to conserve its battery life. For the case of semi-static on/off signalling, once the UE detects a dormant small cell it can wait for it to reactivate itself after some pre-determined interval. In dynamic on/off switching, additional reporting to macros may be required after detection of dormant small cells in order to reactivate them. In both cases, burst transmission of DL-SS/RS can be a low-complexity and energy-efficient solution from the transmitter perspective if existing legacy signals are utilized. However, a trade-off exists between the length of the duty cycle and the required UE measurement period for sufficient detection accuracy.
Proposal 2a: Pros and cons of burst transmission of DL-SS/RS to enable the discovery of dormant small cells should be further studied.
Proposal 2b: The evaluation of existing legacy DL-SS/RS in burst transmission mode should be prioritized over defining new discovery signals.

2.2 UE Impact
Next, we discuss impacts of small cell on/off switching on discovery and the possible need for enhancements under small cell on/off operation. 
It is desirable for UE energy consumption during cell detection under on/off switching to be comparable to existing levels. If the initial detection of small cells is performed ‘blindly’ without macro assistance, then UEs must now consider multiple hypotheses since small cells can either be active, dormant, or out of range. Assume a UE collects X measurement samples and derives a test statistic T(X) from them. Then, instead of a binary test it faces the following ternary hypothesis test:
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which in principle requires more sophisticated detection tests compared to existing autocorrelation-based methods. This in turn implies increased computational complexity at UEs.
Currently, a UE is required to detect an intra-frequency active cell within 800ms with a measurement period of 200ms, for no DRX configuration or DRX cycle length up to 40ms [4]. During UE measurement periods, the transition of small cells from active to dormant mode or vice versa with different discovery signals per state can also disrupt the cell discovery performance, as illustrated in Figure 1. Consider a low-SNR scenario where the UE must utilize most of the 200ms measurement period to accurately detect a dormant small cell with a long duty cycle. If the small cell reactivates prior to the collection of sufficient samples and changes to a different (legacy) discovery signal, then the UE may have to reinitiate the discovery process at the cost of increased energy consumption.
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Figure 1: Impact of on/off state transitions on discovery measurements.
Proposal 3: The impact of multiple possible small cell states on UE computational burden and energy consumption during discovery should be studied further.

2.3 Potential Enhancements and Issues

The size of the target set of detectable cells plays an important role in configuring measurement periods and determining the energy consumed during these measurements. In [2], three strongest active small cells can be detected with high reliability even in dense deployment scenarios. From phase-1 calibration results in [5], in very dense deployments around 40% of SCs may not have any UEs associated with them and are candidates to be switched off. Thus, within a cluster of 10 small cells, under on/off switching it is sufficient to aim for the detection of between 3 to 6 intra-frequency small cells.
Proposal 4: A target detection set size of between 3 to 6 small cells may be sufficient for on/off switching scenarios.

Discovery mechanisms based on assistance from macros or active small cells may be required to mitigate the negative effects of increased computational complexity or energy consumption described in Section 2.2. Macros or active small cells can transmit some information regarding the parameters of dormant small cells within the same cluster using additional fields in SI to UEs at the small cell tier. Examples of such parameters include the number of dormant small cells within the same cluster; the recommended target detection set size, and recommended PSS/SSS IC parameters.

Proposal 5: Macros or active small cells can assist discovery at UEs by transmitting information regarding dormant small cell parameters.
Intra-cluster coordination of discovery signal parameters between small cells has been proposed previously for improving cell detection performance by reducing interference [2]. For example, when CSI-RSs are used for discovery, the configurations used by different small cells may be optimized via intra-cluster coordination to minimize interference [6].

Under on/off switching scenarios, some prior proposals have suggested that dormant small cells should power down backhaul links as well for enhanced energy savings. If dormant small cells do not participate in intra-cluster coordination, this may degrade the detection performance of UEs if coordination parameters are updated during their dormancy period. 

Proposal 6: The participation of dormant small cells in receiving intra-cluster coordination updates should be studied further. Baseline assumption can be that they do not participate.
Whether discovery signals (legacy or new) are synchronized among dormant small cells is an important factor to consider. Synchronized discovery signals will significantly degrade the detection of the second and third strongest cells unless SS/RS interference cancellation methods are adopted. On the other hand, if the discovery signals are not synchronized then UEs may need to configure additional intra- and inter-frequency measurement periods at the cost of increased energy consumption [4].
Proposal 7: The level of synchronization across discovery signals of dormant small cells should be carefully considered. Baseline assumption can be that discovery signals are synchronized.
3

Conclusion
We have the following proposals

Proposal 1: The study and evaluation of small cell discovery procedures under small cell on/off operation should be prioritized. 

Proposal 2a: Pros and cons of burst transmission of DL-SS/RS to enable the discovery of dormant small cells should be further studied.
Proposal 2b: The evaluation of existing legacy DL-SS/RS in burst transmission mode should be prioritized over defining new discovery signals. 
Proposal 3: The impact of multiple possible small cell states on UE computational burden and energy consumption during collection of measurement samples should be studied further.
Proposal 4: A target detection set size of between 3 to 6 small cells may be sufficient for on/off switching scenarios.

Proposal 5: Macros or active small cells can assist discovery at UEs by transmitting information regarding dormant small cell parameters.

Proposal 6: The participation of dormant small cells in receiving intra-cluster coordination updates should be studied further. Baseline assumption can be that they do not participate.
Proposal 7: The level of synchronization across discovery signals of dormant small cells should be carefully considered. Baseline assumption can be that discovery signals are synchronized.
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