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1. Introduction

At RAN1#74 meeting, the potential schemes for small cell on/off and the relevant simulation results were summarized in [1], and some conclusions and proposals on small cell on/off were given as the guidance for the following WI, since RAN1#74 meeting is the planned final meeting for SCE physical layer SI [2]. Then at RAN#61 plenary meeting, some companies proposed that some conclusions for SCE were ambiguous and needed to be spent more time to clarify, therefore, additional TUs in next two RAN1 meetings will be spent on SCE physical layer SI to reach clear consensus on some open issues, such as:
•
Clarifying the detailed definition of the small cell on/off framework
•
Further study the small cell enhanced discovery mechanism
In this contribution, firstly we propose the concept of small cell on/off and discuss the relevant mechanisms and the corresponding time scales. Then we give our view on the transition criteria of small cell on/off and the discovery signal.
2. Small cell on and off state discussion
From our point of view, the small cell shall not transmit any signal under the state of small cell off (or at most transmit the discovery signal in a burst manner), otherwise it is called the state of small cell on.
2.1. Mechanism of small cell on/off

In DL based mechanism of small cell activation, the discovery signal is introduced in the state of small cell off, then the Rel-12 UE can take some measurements based on the discovery signal and feedback these results to assist macro to active the small cell in an efficient manner. In this scheme, UE within small cells can pre-synchronize with small cell which it will associate with, therefore the UE association time to a small cell is reduced. As the DL measurement based cell association is more accurate than the uplink based, DL based mechanism may be more effective than UL based scheme from cell association perspective. The potential signaling procedure of this mechanism is illustrated as shown in Figure 1.
However, two issues of DL based scheme shall also be taken into account. One is that how UE can achieve the stable and accurate measurement result, e.g., RSRQ, of dormant small cell channel because DL inter-cell interferences may vary dramatically due to the frequent switching between small cell on/off. The other is that legacy UE cannot be supported, and therefore the legacy UE cannot exploit the benefit of DL based scheme since the legacy UE near the dormancy small cell cannot be conscious of discovery signal existence. For these two issues, the first one is the technical issue and can be partly solved by the enhanced discovery signal design and advanced measurement algorithm utilization, but the second one may have significantly negative impacts to the operation of LTE networks since the legacy UEs cannot enjoy the benefit of Rel-12 small cells. 
In contrast to DL based scheme, the UL based scheme is the implementation related with good backward compatibility, however it may need some high layer signaling to assist necessary information exchange between macro and small cells. The potential signaling procedure of UL based scheme is illustrated in Figure 2.
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Figure 1 : DL based event/signalling procedure for dormant small cell activation
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Figure 2 : UL based event/signalling procedure for dormant small cell activation
As in the procedure of UL based scheme, UEs need to synchronize with the small cell and take some necessary measurements after the small cell is on, so the handover latency will be about hundreds of milliseconds longer than that in DL based scheme. 
The comparison between them is listed in Table I.
Table I. Comparison between UL and DL based scheme
	
	Synchronization
	Measurement
	Handover latency
	Backward compatibility

	DL based scheme
	(partly) Synchronize before activating small cell
	Measurements before activating small cell
	T (hundreds of ms)
	Not support


	UL based scheme
	Synchronize after activating small cell
	Measurements after activating small cell
	T+ hundreds of ms
	Support


Observation 1: Compared to DL based scheme, UL based scheme has better backward compatibility, but increased handover latency.
2.2. Criteria of small cell on/off transition
There are three criteria proposed for small cell on/off transition, which are the cell association based scheme, the packet call arrival/completion based scheme and the traffic load based scheme. For cell association based scheme, a small cell will be turned off if there is no active UE associated with it. For packet call arrival/completion based scheme, a small cell will be turned off if there is no packet to be transmitted. And for the traffic load scheme, a dormant small cell may be turned on if the traffic load in a neighborhood of the cell (including the cell itself) increases to a threshold, conversely, an active small cell may be turned off if the traffic load in itself or a neighborhood of the cell decreases to a threshold [3]. 

All three criteria which affect the frequency of the small cell on/off were summarized in [3] and their relevant simulation results were summarized in [1]. Based on these simulation results, the performance gain of small cell on/off can be observed and this gain will be decreased with the time scale increased. Therefore, the time scale for different criteria shall be limited in a suitable range in which the acceptable performance gain can be expected. The range of time scale based on simulation results is about from tens of milliseconds to hundreds of milliseconds. 
As all three schemes are implemented related, therefore they have the limited impact on specification. As long as fulfilling the expected range of the time scale, eNB can choose the most suitable scheme in the implementation.
Observation 2：All criteria of small cell on/off transition are implemented related, and have limited impact to specification.
3. Discovery signal discussion
The motivation of introduction of small cell discovery signal comes from two aspects: one is making the small cell on/off transition more efficiently, which has been discussed in DL based scheme in the previous section, and the other is to improve the performance of UE detection and measurement of small cell, furthermore to be beneficial to various techniques/applications, such as load balancing, multi-carrier, location service and so on, in small cell dense environment since many simulation results have shown the inadequacy of the legacy mechanism for cell detection and measurement in dense small cell deployment at last RAN1 meetings.
For discovery signal design aspects, the discovery signal shall be with long duty cycle to fulfill the requirement of inter-cell interference reduction and small cell network energy saving. Since UEs associated with small cell shall have low mobility characteristics, the discovery signal pattern shall be a sparse pattern in time and frequency domain, some legacy signal pattern, such as CSI-RS pattern can be as a reference for discovery signal design. Furthermore, as UE will proceed to the detection and measurement of multiple small cells through discovery signal, the discovery signal shall have the good orthogonal characteristic. The modification of legacy signal could be considered for discovery signal design in order to reduce the standardization efforts. 
In small cell dormant state, as discovery signal is the only transmitted signal, its function which is used for UE to proceed to cell detection and measurement is clear. However in small cell active mode, the discovery signal maybe coexist with legacy signals such as PSS/SSS/CRS, in that case, which signal is used for UE synchronization and measurement in small cell active state, discovery signal or legacy signal, shall be clarified.
Observation 3: In small cell active mode, if the discovery signal coexists with legacy signals, its function shall be clarified.

4. Conclusion
In this contribution, we discussed the mechanisms for small cell on/off and made observations as follows,
Observation 1: Compared to DL based scheme, UL based scheme has better backward compatibility, but increased handover latency.
Observation 2：All criteria of small cell on/off transition are implemented related, and have limited impact to specification.
Observation 3: In small cell active mode, if the discovery signal coexists with legacy signals, its function shall be clarified.
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