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1. Introduction

In RAN1#74bis, the backwards compatibility of semi-static small cell on/off schemes was discussed [1]. In this contribution, we argue that semi-static small cell on/off is backwards compatible. The backwards compatibility of small cell on/off was also discussed in for example [2][3].
The starting point in the discussion is the legacy on/off mechanism, which is already supported in LTE since Rel-9 through the RAN3 mechanism for energy saving [4]. Backwards compatible enhancements were already studied in [5]. 
We assume that a cell that performs on/off is not required for providing coverage. Furthermore, we assume that there are no RRC_IDLE UEs camping on the cell when it is turned on, which can be achieved by diverting RRC_IDLE UEs to the coverage cell [6]. When on, the cell transmits the signals of a legacy cell.
2. On/Off Triggering
In the legacy on/off mechanism, the decision to switch a cell on or off is made by the eNB that owns the cell. The algorithm that decides when to switch a cell on or off is implementation specific. The information used as input to the switching algorithm can also be completely different in different implementations, for example [5]:
· Inter-site signalling using X2 or S1 (e.g. a request to switch a cell on)
· An OAM policy

· UL IoT measurements

· UE positioning information

· UE RRM measurements (e.g. from probing as described below)
An eNB or a central coordination unit that operates multiple cells may use even more detailed information from all its cells, such as packet arrivals. 
Observation 1: In the legacy small cell on/off mechanism, a multitude of different information can be used to trigger on/off switching. This includes UE-specific information such as UE position, UE RRM measurements and UE packet arrivals.
Note that in one implementation, different information may be available for different UEs. For instance, positioning information may be available for one UE but not for another UE.
Observation 2: In the legacy small cell on/off mechanism, different information may be available for different UEs.
In general, the more information that is available to the on/off switching algorithm, the better. If a new UE would provide additional input information to the on/off switching algorithm, such as discovery and RRM measurements on dormant cells, this would have no impact on the backwards compatibility of the cell that operates legacy small cell on/off. The legacy UEs could still function in the cell, based on the multitude of different information in the legacy mechanism.
Observation 3: Enhanced capabilities of Rel-12 UEs, such as discovery and RRM measurements on dormant cells, have no impact on the backwards compatibility of the cell.

However, enhanced capabilities of Rel-12 UEs could help the switching mechanism to make better decisions.
3. Cell On Duration
In the legacy on/off mechanism, the time duration during which a cell is kept on or off is implementation specific. A cell may even be turned on during a short time-interval, called a probing interval, which may be shorter than what is required to hand over and serve a legacy UE. During the probing, the cell transmits legacy signals so that legacy UEs may discover and perform measurements on the cell. In [5], it was concluded that probing is a backwards compatible enhancement.
Different legacy UEs may require different cell on durations to identify and measure a cell, depending on factors like DRX configuration and the number of inter-frequency carriers the UE monitors. The probing interval may be shorter than what is required for some UEs to identify and measure a cell, while the probing interval may be sufficient for cell identification and measurements for other UEs. 

Observation 4: Short on durations, e.g. probing intervals, are backwards compatible [5]. The on duration may be shorter than what some legacy UEs require for cell identification and measurements. 

To allow a legacy UE to be served by a cell, it needs to be turned on during a longer time. The decision to keep a cell turned on long enough can take a multitude of information into account, including such that is already available for the legacy on/off mechanism, as outlined in section 2.
4. Transition Time
Transition times between the small cell on/off states have been intensively discussed in the SI [7]. With transition time, we mean the time between the time instant a turned-off cell is triggered to turn on and the time instant a UE can be served by the cell.
If new functionality is introduced in R12 so that this transition time is reduced, this in itself should have no impact on the accessibility of the turned on cell to legacy UEs. Legacy UEs would just require a longer transition time than R12 UEs before they can be served by a just turned on cell.
Observation 5: Reduced transition time for R12 UEs has no impact on backwards compatibility.
5. Backwards Compatibility of Enhanced Small Cell On/off
The studied enhanced small cell on/off mainly refers to the following two components:

· Enhanced discovery of small cells, including cells that are turned off. This could enable enhanced discovery and RRM measurements of turned off cells by Rel-12 UEs (see section 2).

· Reduced transition times for Rel-12 UEs (see section 4).

As observed above (observation 3 and 5), these two enhancements for Rel-12 UEs do not impact the backwards compatibility of the cell itself. 

A cell using semi-static on/off may sometimes be turned on during short durations and sometimes during longer durations. From observation 4, we conclude that the short on durations do not impact the backwards compatibility of the cell. In fact, short time intervals during which a cell serves a Rel-12 UE can be seen as probing intervals in the legacy on/off mechanism. Such short on durations can be combined with longer on periods in which legacy UEs can be served. However, the on/off switching itself is a matter of implementation, just like in the legacy on/off mechanism.
Conclusion: Semi-static on/off with reduced transition times and an enhanced discovery mechanism is backwards compatible.
6. Summary

Observation 1: In the legacy small cell on/off mechanism, a multitude of different information can be used to trigger on/off switching. This includes UE-specific information such as UE position, UE RRM measurements and UE packet arrivals.
Observation 2: In the legacy small cell on/off mechanism, different information may be available for different UEs.
Observation 3: Enhanced capabilities of Rel-12 UEs, such as discovery and RRM measurements on dormant cells, have no impact on the backwards compatibility of the cell.

Observation 4: Short on durations, e.g. probing intervals, are backwards compatible [5]. The on duration may be shorter than what some legacy UEs require for cell identification and measurements. 

Observation 5: Reduced transition time for R12 UEs has no impact on backwards compatibility.
Conclusion: Semi-static on/off with reduced transition times and an enhanced discovery mechanism is backwards compatible.
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