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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.

In this document, we discuss how to achieve the above goals, the aspects that need to be specified and some design criteria for these aspects. 
2 Discussion

One of the main purposes of small cell on/off is to reduce interference to other cells when data is not being transmitted from the cell. This is achieved when all transmissions from the cell are turned off for some period of time. The basic time period in LTE for which decisions can be made as to whether transmissions are turned off or on is a single subframe, since scheduling decisions are performed on a subframe basis. Therefore, for the purpose of our discussion, a cell can be considered to be off in any subframe in which it doesn’t transmit any signals. The goal of small cell on/off is to reduce interference by turning a cell off for one or more subframes. 
Observation: A cell may be considered to be off in any subframe in which it does not transmit any downlink signals. A cell operating small cell on/off may be off for one or more subframes.
2.1 On/off mechanisms

The methods cited in the WID to facilitate a small cell turning off, i.e., Handover, CA activation/deactivation, dual connectivity and new L1 procedure may all differ in the transition time possible between the on and off states, i.e., the time taken to actually turn off or on a cell after the decision to turn it off or on has been made. Clearly, faster transition times are more desirable. This is reflected by the evaluations done during the study item which state that the gain increases with decreasing transition time. Generally, faster transition times make it possible to turn off the cell for shorter durations, i.e., in a more dynamic manner, thus increasing the opportunity to turn off cells and thereby reducing interference more effectively. Furthermore, faster transition times mitigate the degradation in user throughput due to the excess delays caused by the transition times. Hence, specification work in 3GPP should target the fastest transition times first. 
Generally, the handover based on/off mechanism has the slowest transition times in the order of at least 80-90 ms, followed by the dual connectivity and CA activation/deactivation mechanisms. CA Scell activation/deactivation transition times are in the order of 24/8 ms. For dual connectivity, this discussion can be continued when more details are provided by RAN2. It should be noted that the precise workings of dual connectivity are still being discussed, whereas, both handover and CA SCell activation/deactivation are already well defined. As stated in the WID, a new L1 procedure on an activated SCell can further reduce the transition time. Such a procedure can allow some subframes with no DL data transmissions to be dynamically turned off thus further reducing interference in the network opportunistically.
Observation: Transition times between on and off states are generally the highest for the handover based on/off mechanism, followed by dual connectivity and CA activation/deactivation. The new L1 procedure can be designed to have the lowest transition times.
2.2 Discovery signal/procedures

The WID states that discovery signal/procedures are needed for cells that are off in order to perform the functions of cell identification, time frequency synchronization, RRM measurements and quasi-co-location. The main reason for defining such a discovery signal/procedure is so that these functions may be performed by UEs when the cell is off. This reduces transition times to the on state where UEs can receive data on the cell, by alleviating the need to do these functions after the cell is turned on.
It should be noted that discovery signals and procedures cannot be used by legacy UEs to perform the above cited functions and these are useable only by Release 12 UEs. Thus, if a cell goes from off to on state, faster transition times as enabled by the discovery signal/procedure are only applicable to Release 12 UEs. Legacy UEs can be handed over to a cell that has been turned on, but it will take a longer time for a legacy UE to receive data on the cell after it is turned on that it takes for a Release 12 UE to receive data.
Furthermore, a cell cannot turn off its transmissions even if it is a deactivated SCell for all UEs connected to the cell as long as some of the connected UEs are legacy UEs. A CA capable legacy UE typically has an additional receiver and it may make measurements any time on a deactivated SCell. Turning the cell off can result in the UE making measurements that are invalid. Depending on UE implementation, averaging across measurements may be employed in the UE with some measurements being done in on subframes and some in off subframes. This can create a lot of variability in the reported measurements and will not yield a robust design.
Observation: Legacy UEs cannot use any new discovery signal/procedures that are defined in Release 12. A deactivated SCell that has legacy UEs connected to it cannot be turned off.
2.3 Design targets
The Handover mechanism for on/off may be used when a cell that has legacy UEs connected to it needs to be turned off. As discussed in the previous sections, the Handover mechanism for on/off has the slowest transition times. 

CA activation/deactivation is the fastest mechanism already defined and can generally be used to turn off SCells without having to handover UEs to another cell. However, a cell that has any legacy UEs connected to it cannot be turned off. This restricts any meaningful on/off operation with SCell activation/deactivation to those cells that only have Release 12 UEs connected to it. However, for these cells, the CA activation/deactivation procedure can still be useful to enable turning off the cell for longer periods of time without using handovers. 

The newly defined L1 procedure can provide substantially greater gains than CA activation/deactivation [2] and can operate on an activated SCell thus alleviating the overhead of activating and deactivating the cell for all UEs connected to it. This mechanism is useful in employing on/off for shorter periods of time than the other mechanisms while still being able to provide good throughput to the UEs connected to the cell.

Therefore, the different on/off mechanisms in the WID can complement each other with the main gains coming from the new L1 procedure [2]. Discovery signals/procedures are already required to be defined by the WID and this effort is necessary for all of the small cell on/off mechanisms identified in the WID. For the handover and CA based activation/deactivation mechanisms, no new procedures (other than the operation with the discovery signal) need to be specified. Dual connectivity can be considered once it is more clear how it is supposed to operate and its implications for on/off. Therefore, the new L1 procedure is the main on/off procedure that needs to be specified by RAN1. 
Observation: The only on/off mechanism listed in the WID that needs work in RAN1 is the new L1 procedure to enable subframe level on/off. The discovery signal procedures are necessary for all on/off mechanisms.
3 Conclusion

Based on the discussions, the following was observed:
Observation: A cell may be considered to be off in any subframe in which it does not transmit any downlink signals. A cell operating small cell on/off may be off for one or more subframes.

Observation: Transition times between on and off states are generally the highest for the handover based on/off mechanism, followed by dual connectivity and CA activation/deactivation. A new L1 procedure can be designed to have the lowest transition times.

Observation: Legacy UEs cannot use any new discovery signal/procedures that are defined in Release 12. A deactivated SCell that has legacy UEs connected to it cannot be turned off.

Given the above observations and corresponding discussion, the following was observed regarding the focus of work for the small cell on/off part of the work item.

Observation: The only on/off mechanism listed in the WID that needs work in RAN1 is the new L1 procedure to enable subframe level on/off. The discovery signal procedures are necessary for all on/off mechanisms.
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