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1 Introduction
In RAN plenary meeting #62, the agreed WID [1] for Small cell enhancement – Physical layer aspects reads:

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions

· Discovery procedure/signal(s) are needed

· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

Based on the description in WID, we discuss in the following sections the procedures needed to realize meaningful benefits with small cell on/off for the above operational modes together with the DL discovery signal.
2 Discussion
The work during the study item has shown that when the performance loss due to the delay caused by the on/off procedure can be compensated for by the performance enhancement resulting from the interference mitigation mechanism of on/off, the overall system performance is boosted. Therefore it is important during the work item to analyze the major sources of delay and interference and to find solutions within the scope of WID for the on/off procedure to minimize the corresponding delay and interference in the most efficient manner. 
2.1 General procedures for all small cell on/off operational modes
In this section, we consider aspects that apply generally to all the on/off operational modes or mechanisms. In our view [4] small cell on/off only targets cells that only serve CONNECTED mode UEs. Additionally, in order to analyze the on/off schemes, one should jointly consider the effect of eNB and UE behaviours on performance. We start with defining a minimal time unit over which to characterize eNB transmissions as being on/off, which we believe should be one subframe [4]. The reason is that scheduling decisions are on a subframe basis and that is the fastest transition time that small cell on/off can offer. Hence, we define that if there is a transmission from an eNB in a subframe, the eNB is considered “on” on that subframe and “off” otherwise. Moreover we assume that a discovery burst containing discovery signals is transmitted from all cells in order to perform the functions of cell identification, time frequency synchronization, RRM measurements and potentially quasi-co-location. The UE is then configured to rely only on the discovery signal to perform these functionalities. The discovery signal may be configurable in its characteristics including periodicity [5]. Based on this discussion we propose the following:
Proposals:
· Small cell on/off is applicable only to cells that only serve CONNECTED mode UEs.
· A UE can be configured to receive the discovery signal 

· When the UE is configured with a discovery signal from the serving cell it can rely only on the discovery signal for cell identification, measuring and deriving RRM and coarse time/frequency synchronization.
The impact of the above proposals on the resultant delay and interference due to on/off is explained below. One source of delay that was discussed during the study item was that in case there is a need to turn on a cell to schedule a UE, the UE needs time to perform coarse time and frequency synchronization, RRM measurements, and such prior to being scheduled.  Based on the above proposals, no additional delay for this purpose is imposed by the on/off procedure for any of the on/off operational modes since the UE is regularly provided with the discovery signal to obtain the required properties regardless of the cell being “on” or “off”.
Observations:
· The periodicity of the discovery signal transmission should be configured such that the discovery signal can be efficiently used for RRM measurement, etc. while causing an acceptable degree of interference.
· With UEs configured to receive the discovery signal, the existing handover and Scell activation/deactivation procedures can be used without introducing additional delay due to the RRM measurements. 
We believe that small cell on/off becomes beneficial when the on/off can be achieved on an even faster time scale than that allowed by the legacy handover and activation/deactivation procedures. The on/off mechanism should preferably be able to operate at the subframe level (see e.g. [2], [3]) and this goal can be achieved only in the scope of the new L1 procedure for the activated Scell.
It follows from the proposals above that if a cell ends up having no CONNECTED mode UEs scheduled for DL transmission and no legacy UEs served by the cell, it can limit its transmission to transmitting only the discovery signal to the UEs that are currently connected to it or measuring on the discovery signal. In this way, the eNB effectively turns off any subframes without any data scheduled except the subframes with the discovery signal.  However in order to reduce the resulting interference due to the discovery signal, it is preferred to transmit the discovery signal as sparsely as possible without sacrificing its required quality. 
2.2 eNB and UE behaviour for small cell on/off operation
Operation of a feature is most easily characterized by the behaviour of various nodes in the system. In this section, we describe via eNB and UE behaviour how various modes of on/off work in different situations. Table 1 gives an overview of different cell states and the corresponding UE and eNB behavior in these states in a cell that is capable of operating on/off according to all the specified on/off mechanisms. The table indicates how certain states may be entered using different on/off mechanisms. The dual connectivity case is not included here and will be treated when more details from RAN2 are available.
From an interference reduction point of view, we observe here that the cell may be turned off using certain on/off mechanisms only in some circumstances. For instance, the Scell activation/deactivation and new L1 procedure on/off modes can only be operated when the cell only serves Rel-12 UEs. 
From a transition time point of view, we observe that when the Scell is in a deactivated state with only R12 UEs connected to it (state 6 in the table), it is not possible to schedule the UE on any subframe when needed since the Scell has to be activated first which takes at least 24ms and then the CSI feedback and possibly the QCL properties have to be provided. However in cell state 7 where the Scell is activated and only serving R12 UEs and can operate the new L1 procedure, the UE can be scheduled in any subframe. Thus, the new L1 procedure can turn the cell off and on with much lower transition times. 
Table 1: Summary of UE and eNB behaviours in the on/off context for different operational modes and the corresponding capability for data scheduling

	Cell State
	UE behavior
	eNB behavior
	Data scheduled?

	
	RRM measurement?
	CSI & QCL?
	Subframe DTX?
	#DTXed subframes?
	

	1) Dormant
	No
	No
	Yes
	Indefinite
	No

	2) Activated Pcell with only connected mode UEs
	Yes
	Yes
	No
	NA
	Yes

	3) Activated Scell with legacy connected mode UEs
	Yes
	Yes
	No
	NA
	Yes

	4) Deactivated Scell with legacy connected mode UEs
	Yes
	No
	No
	NA
	No

	5) Cell with no connected or idle mode UEs (Cell turned off by Handover)
	Yes
	No
	Yes
	<discovery burst periodicity
	No

	6) Deactivated Scell with only R12 connected mode UEs (Cell deactivated by Scell activation/deactivation)
	Yes
	No
	Yes
	<discovery burst periodicity
	No

	7) Activated Scell with only R12 UEs (Cell can go on/off on a subframe basis via new L1 procedure)
	Yes
	Yes
	Yes
	<min( discovery burst periodicity, CSI-RS periodicity)
	Yes


Observations:
· New L1 procedure on an activated SCell can provide means for small cell on/off on a subframe basis.
2.3 Fast on/off by means of new L1 procedure on activated Scell 
In order to achieve fast on/off, meaning that to be able to turn off transmissions in any subframe in which DL data transmissions are not scheduled, the UE needs, in addition to the RRM measurements and coarse time and frequency synchronization, to perform fine time and frequency synchronization for demodulation purposes, as well as to derive the channel estimation filters for the DM-RS based or CRS based transmission modes and use QCL properties where applicable. Moreover the UE should provide CSI feedback to facilitate link adaptation and scheduling. However, in order to have on/off on a subframe basis, UE should not depend on any subframes other than the one in which the DL transmission is received, when demodulating transmissions using the demodulation reference symbols. 
Observation:
· In order to be able to schedule the UE in any subframe despite the cell being off, the CSI feedback and QCL properties need to be obtained from signals that occur in the discovery burst or from signals in other subframes if configured.
Therefore we make the following proposals to be considered in the new L1 procedure for the activated Scell to enable small cell on/off on the subframe level:
Proposals:
· A UE can be configured to receive reference signals to derive QCL properties for demodulation purposes.

· The UE shall not rely on the presence of any other reference signal(s) for deriving QCL properties in any other subframes.
· The reference signals may be transmitted in a subframe containing discovery signals or on another subframe.

· For demodulation, the UE cannot rely on any reference signal(s) in any other subframe than the subframe in which it receives the corresponding physical channel.
However the details on the reference signal for QCL properties should be further investigated [5], such as what elements constitute the discovery signal and how to align the periodicity of the new discovery signal and the CSI-RS and CSI-IM, etc.
It should be noted that the periodicity of the discovery burst is configurable. When the new L1 procedure is being used on an activated SCell, the network may choose to configure the discovery burst with higher periodicity, e.g., once every 40 ms, in order to allow for the CSI feedback and QCL properties derived from this burst to be better able to support higher data rate transmissions in any subframe without having to rely on any signals in other subframes. Also, the UE may be configured with CSI-RS with a higher periodicity than that of the discovery signal, e.g., every 10 ms. For instance, an activated Scell may be configured with a discovery burst that occurs only once every 40 ms and some UEs connected to the cell may be configured with CSI-RS that occur once every 10 ms and are aligned with the discovery burst so that they appear in the discovery burst. The discovery burst is then used for time and frequency tracking and for RRM measurements (by UEs on other cells) and for CSI feedback when the CSI-RS are received in the discovery burst. In addition, UEs may use CSI-RS in other subframes that occur every 10 ms for CSI feedback as well. Data may be scheduled for these UEs in any subframe and the UE receives data based only on reference signals (CRS or DM-RS) that occur within the subframe.
As a final note we would like to add that if a UE operating with small cell on/off is configured with DRX to save power consumption, depending on the DRX configuration, an additional delay can be potentially introduced. However the periodicity of the discovery signal and DRX configuration can be optimized to minimize such delays and still benefit from reduced power consumption. 
3 Conclusion

We discussed the design parameters that impact the performance of small cell on/off. Based on the discussion we propose the following aspects to be considered in the small cell on/off schemes: 
Proposals:
· Small cell on/off is applicable only to cells that only serve CONNECTED mode UEs.
· A UE can be configured to receive the discovery signal 

· When the UE is configured with a discovery signal from the serving cell it can rely only on the discovery signal for cell identification, measuring and deriving RRM and coarse time/frequency synchronization.

Moreover, the new L1 procedure on an activated Scell can provide the means to achieve the subframe level on/off which is the on/off operational mode with the highest gain. We make the following proposals corresponding to this mode:

Proposals:
· A UE can be configured to receive reference signals to derive QCL properties for demodulation purposes.

· The UE shall not rely on the presence of any other reference signal(s) for deriving QCL properties in any other subframes.

· The reference signals may be transmitted in a subframe containing discovery signals or on another subframe.

· For demodulation, the UE cannot rely on any reference signal(s) in any other subframe than the subframe in which it receives the corresponding physical channel.
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