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1 Introduction
Within the small cell on/off discussions, two different types of operations have emerged. The first being a dynamic small cell on/off behavior wherein for each individual DL subframe, the eNB could make a judgment whether to transmit DL signals or not. The second being a more long term mode wherein the small cell is deactivated for a certain time period, much longer than a subframe, and then activated again if additional capacity is needed in the network. In this contribution we discuss the long term based small cell on/off mechanism. 
2 Discussion
When operating long term based small cell on/off, a cell can be deactivated if it is not serving any UE. Such an operation could be used to save energy in the network and in addition reduce the interference in the network. From the UE perspective a deactivated eNB does not transmit any signal over the air. If the operator is operating multiple carriers, then the small cell on/off could be applied to a specific carrier frequency only. This specific carrier frequency would then act as a capacity enhancement layer in the network wherein cells are turned on or off based on the capacity needs of the total network. In that sense, there would not be a need to have any IDLE mode UE support on that particular carrier. Cells can be activated if there is a need to increase the network capacity in a specific area. IDLE mode operation is then instead ensured by another carrier frequency.

If a long term small cell on/off operation is to support IDLE mode operation, then it is observed that the design will not be backwards compatible and a new IDLE mode behavior needs to be introduced. There is currently an ongoing design in 3GPP of an NCT, wherein in the major question discussed currently is whether standalone behavior should be supported by the NCT. Since a non-backward compatible design is a very large evolutionary step, introducing multiple different designs that each contain a non-backward compatible element is not preferred. Hence we observe that if long term small cell on/off operation of eNB should support IDLE mode UEs, then the design for such operations should only be performed for the NCT. 

Supporting IDLE mode UE with a long term based small cell on/off can be performed by letting the deactivated NCT cell become activated for short time periods to transmit a limited set of signals and channels. Such signals would include some form of discovery signal similar to the function of the PSS/SSS and some form of system information indicating when and how the UE can attach to the sleeping (off-state) cell.
Furthermore, if small cell on/off on a long term basis is operated to support RRC_CONNECTED mode UEs there is a support for this which is already specified in 3GPP with the introduction of dormancy in the RAN3 specification. In this contribution we describe the dormant mode behavior in section 2.1. 
Observation
· Supporting IDLE mode UEs with long term based small cell on/off would be non-backward compatible.
2.1 Similarities between dormant mode operation and small cell on/off

We note that there has been previous specification work within 3GPP to specify dormant mode behaviour for cells. The target of such specification work was mainly to save energy in the network by being able to turn cells off if they are not utilised by any UE. The specification of dormant mode was made in the RAN3 specification. The functionality was first specified in Rel-10 and was further enhanced in Rel-11 and is now continuing to evolve. 

In Rel-10, specification support was introduced for a cell to indicate to its neighbour cells that it has gone into dormant mode. The dormant mode was further defined with respect to network assumptions in different network nodes. Further, a message indicating cell activation request was specified. This is intended for neighbour cells to request the activation of a dormant eNB. The dormant eNB going to active state can further indicate to neighbour cells that it has become active [4]. 

In Rel-11, further enhancements were specified for dormant eNB behaviour, by specifying activation and indication of dormant/active state to RATs other than LTE, e.g., GERAN [4]. Furthermore, the functionality for probing was specified for inter-RAT eNB handling [5]. With probing, a dormant eNB temporarily wakes up for a limited time period to give an opportunity for UEs to either measure and/or access the eNB. After the probing period is finished the eNB can go back into dormant mode. 

In Rel-12, work is continuing with enhancing dormant mode operation in RAN3, wherein there are contributions proposing that an inter-RAT probing solution from Rel-12 also be applicable within the same RAT [6].

Observation

· There is a large overlap between dormant mode operation and long term small cell on/off.
· The signalling specified for dormant mode operation between eNBs allows sufficient support for long-term small cell on/off and no need for any additional specification of signalling between eNBs is observed.
We further observe that there are many proposals within the small cell on/off topic whose functionality is similar to the probing mechanism specified in RAN3 already and being studied within the Rel-12 SI [4]. The main aspect considered here is whether the UE transmits some kind of detection or probing signal in the UL or whether it receives some kind of probing signal in the DL. Hence we observe that it would be needed to focus on studying if there are any differences between small cell on/off and the dormant mode behaviour specified and studied in RAN3. One such difference we can observe is the time scale the small cell on/off may be operated on compared to dormant mode behaviour in defined in RAN3. 

The difference being that the long term small cell on/off could be defined so that the cell when it is in dormant mode is off for 0.2—1s and then wakes up shortly to go into a discovery phase. After the discovery phase the cell goes down again into dormant mode. The discovery phase could be defined as certain number of radio frames or subframes containing a synchronization signal and a signal to measure RSRP/RSRQ on. The UEs connected to another cell in the network would then be informed when to find discovery phase of a cell that is in dormant mode and can then measure on it during the discovery phase. The alternative would be that UEs transmit a signal in the UL and the eNB in dormant mode tries to detect the signal. Based on the reception quality the cell is taken into active state or not. We observe that the UL based method does not require any specification change and can be performed with the UE sending a preamble. Hence such a solution would be backwards compatible. We note however that basing the wake up on DL based signal detection would be a non-backwards compatible change as legacy UEs cannot use this method for operating and can therefore not wake up the cell by these means. As the design is currently ongoing for a new carrier type in LTE it would therefore be suitable to integrate the concept of long term small cell on/off in the design of the NCT, if there are sufficient gains with the method. 
Proposal

· The performance of long term small cell on/off schemes should be compared to dormant mode and what is studied in RP-122035.
· If long term small cell on/off is found beneficial, it is only specified for the NCT.
2.2 Carrier type switching
The concept of small cell on/off could also be extended to contain an element of switching on as either NCT or BCT. Because of the affinity of the Rel-12 TM and Rel-11 TM10, it is possible to consider long term carrier operation mode switching to enable more flexible load balancing when NCT is deployed. Consider the example shown on the left hand side of Figure 1 where all cells on the F1 carrier operate in BCT mode and all cells on the F2 carrier operate in NCT mode. In this operation mode setup, legacy UEs can access F1 and the NCT UEs can access both F1 and F2. When one of the cells on F1 becomes loaded, the network can initiate an operation mode switch on this cell on F2. More specifically, the network can configure the EPDCCH starting symbol of the Rel-12 UEs to be nonzero. The network can then start to transmit legacy CRS in the cell and prepare legacy UEs to perform a handover from F1 to F2 or to perform carrier configuration/activation of the F2 carrier. Idle mode UEs can remain on F1. The operation of the NCT UEs will not be interrupted during and after this operation mode switch since the additional presence of the legacy CRS and control region can be signaled via the DCI message scheduling PDSCH. After the mode switch, the system can be seen as operating in the mode combinations illustrated on the right hand side of Figure 1. When the load from legacy UEs reduces, it is of course possible to perform the carrier mode switching in reverse to enable this cell to operate in the high-performance NCT mode.
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Figure 1 Long term carrier operation mode switching for load balancing
.
Observation

· Carrier type switching between BCT and NCT makes the NCT deployment less non backward compatible

Proposal
· Integrate carrier type switching between the BCT and NCT in the specification of small cell on/off

3 Conclusions

In this contribution we discuss the functionality of long term based small cell on/off and how it relates to other features being specified. In the contribution we make the following observations that should be taken into consideration when finalising the work on the TR for [8] small cell enhancements.

· Supporting IDLE mode UEs with long term based small cell on/off would be non-backward compatible.
· There is a large overlap between dormant mode operation and long term small cell on/off.
· The signalling specified for dormant mode operation between eNBs allows sufficient support for long-term small cell on/off and no need for any additional specification of signalling between eNBs is observed.
· Carrier type switching between BCT and NCT makes the NCT deployment less non backward compatible

We further make the following proposals

· If long term small cell on/off is found beneficial it is only specified for the NCT.
· The performance of long term small cell on/off schemes should be compared to dormant mode and what is studied in RP-122035.
· Integrate carrier type switching between the BCT and NCT in the specification of small cell on/off
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