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1 Introduction
In RAN WG1 Meeting #74, several text proposals of small cell enhancements were approved, including the on/off adaptation of small cells. In RAN Meeting #61, several detailed small cell on/off design points were discussed. In this contribution, discussions are provided regarding Rel-12 supports for semi-static small cell on/off schemes, including clarifications of the detailed on/off design points. 
2 Small cell on/off operations
A typical small cell on/off procedure may involve the following stages: 

1) The network operates at operation point 1

2) A triggering event occurs
3) An on/off decision is made

4) The network undergoes an on/off transition
5) Network is operating at operation point 2

An example of the typical procedure is illustrated in Figure 1.
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Figure 1 Illustration of a typical on/off procedure
The stages involved in the on/off procedure will be further discussed. In a typical on/off procedure, the following is assumed to be valid:

· Coverage can be provided by a coverage layer (e.g. the macro layer). All UEs may receive signals from the coverage layer. 
2.1 On/off triggering events
The events that may trigger a transition include one or more of the following:

· The change of traffic loads. For example, the network may consider turning on an off small cell if the traffic load in a neighbourhood of the cell (including the cell itself) increases to a certain level. Conversely, the network may consider turning off an on small cell if the traffic load in a neighbourhood of the cell decreases to a certain level. 
· The arrival/completion of packet calls. The network may consider turning on an off small cell if a packet call (either UL or DL) arrives, and turning off an on small cell if a packet call is completed. Similarly, the network may consider turning off an on small cell if its UEs no longer connect it (e.g. handed over out of the cell) and hence no packet calls need to be transmitted.
· New/updated measurements. Conditions such as UE mobility, UE waking up, channel variations, interference variations, need for load balancing/shifting, etc. may lead to new/updated measurements. These conditions may be detected by the network in the following ways:
· The network receives new/updated measurement reports from UEs based on DL RS, generally including CRS-based RRM measurements and DRS-based RRM measurements. CRS can be transmitted only from an on small cell, whereas DRS can be transmitted from an off small cell [3].
· The network obtains new/updated measurements based on UL signals, such as enhanced RACH/SRS. The UL signals are sent by UEs aperiodically upon the request from the network or periodically. 
As a side note for the relationship between the UL signal and the DRS, generally the UL signal needs to be followed by the DRS based measurements, since the DL signal can provide more accurate measurements. On the other hand, for better efficiency/flexibility, in some cases it may be desirable for the network to activate DRS transmission based on measurements of UL signals. Therefore, a preferred way of operation is that the UL signal may be triggered by the network on demand and it may further activate the DL signal transmission. 

Observation 1: An on/off adaptation can be triggered by events such as the change of traffic loads, the arrival/completion of packet calls, and new/updated measurements based on UL signals or DRS/CRS.
2.2 Decision making

After one or more triggering event occurs, the network (usually the macro eNB covering the small cell cluster) will make a decision on the on/off of small cell as well as related reactions, e.g. UE HO, activation/deactivation, etc.
The decision may be based on information of the triggering events and other network-side information (such as existing UE-cell associations, existing load information, etc.). The network may also request further actions/information from eNBs/UEs to assist the decision making. How the network makes a decision is largely an implementation issue.
To facilitate the decision making, however, a few elements may be considered to be standardized, mainly including 1) new measurements, such as DRS/IMR based RRM measurements; 2) backhaul information exchange of measurements/coordination/loading; and 3) the supporting procedures/signaling for 1) and 2).  Most of these elements were captured in TR36.872 Sec. 7.1.1.5, 7.1.4. 
Observation 2: New measurements, backhaul information exchange of measurements /coordination /loading, and their supporting procedures/signaling, may be standardized to facilitate the decision making.
2.3 Transition

The transition stage involves one or more of the following possible procedures (not necessarily in the listed order):
· eNB procedure: Small cell eNB may be turned on or off. This usually takes at most a few milliseconds.
· eNB signalling of resource activation/deactivation to UEs: An eNB may activate/deactivate a component carrier for a UE, or a dual-connectivity cell for a UE. This usually takes at most a few milliseconds.
· UE procedure: UE performs CSI measurements (based on CRS/CSI-RS) and measurement reporting. This usually takes at most a few tens of milliseconds. Normal data transmission may start immediately following the measurement reporting.

UE may perform additional procedures in some cases during the transition stage, such as fine synchronization and RACH, if needed. This usually takes at most a few tens of milliseconds.

Note that the UE may also start to perform RSRP/RSRQ measurements based on CRS during the transition stage. However, since the UE already has DRS-based RRM measurements available, the CRS-based measurement process does not have to be completed within the transition stage and may generally take an even longer time to complete than the transition does.
· (Occasional) eNB reconfiguration of UEs: A few cases may be possible:

· An eNB (which may not be the small cell eNB performing on/off) sends RRC signalling to reconfigure a Scell or dual-connectivity cell of a CA-capable UE or a Rel-12 UE. This is needed occasionally and much less often than activation/deactivation signalling to UEs.
· An eNB (which may not be the small cell eNB performing on/off) may send RRC signalling to reconfigure UE’s Pcell and the UE/eNB need to complete the handover procedure. This is generally needed only if a legacy UE without CA capability is involved in the on/off adaptation.
The reconfiguration procedure usually takes tens of milliseconds to a couple of hundred milliseconds.
Observation 3: To support efficient operations during the transition stage, DRS-based measurements and dual-connectivity based activation/deactivation need to be standardized.
2.4 New behaviors at an operation point 

The behaviors of eNBs and UEs at an operation point when the small cell is on are generally the same as normal/legacy operations, which normal data transmissions can be supported. When the small cell is turned off, however, behaviors different from legacy operations may be expected.
2.4.1 Off state behavior (related to DRS)

Generally speaking, during the time when a small cell is turned off, only DRS is transmitted, and UEs monitor only DRS from the cell.
· Small cell behavior in off state:

· When a small cell is turned off, it transmits DRS only. DRS is defined in 7.2.2 of TR36.872. The time/frequency resources need to be known by UEs to detect DRS. The details will be further discussed.
· Connected UE behavior in small cell off state: 

· If a serving small cell is off

· Legacy UE:

· If the small cell is a Pcell: This does not happen since legacy UE will be handed over out of the small cell before the cell is possibly turned off.
· If the small cell is a Scell: The UE is deactivated (or released) for the small cell before the cell is possibly turned off. Whether to turn off a small cell during deactivation is a network decision. 
· Rel-12 UE: In one likely design, the UE is deactivated (or released) for the small cell before the cell is possibly turned off. The UE relies on DRS for RRM measurement of the small cell. Whether to turn off a small cell during deactivation is a network decision. 
· If a neighboring small cell is off

· Legacy UE: A legacy UE is barred from monitoring a neighboring small cell performing on/off, until it is otherwise instructed by the network (for example, to prepare to be handed over to the cell. In such a case, the cell will be turned on at a time instructed by the network so that the UE can perform the measurements). 
· Rel-12 UE: A Rel-12 UE can be configured to monitor only the DRS of a neighboring small cell’s and report RRM measurements based on DRS to the network. The UE is configured by the network not to monitor the cell’s CRS, and whether to turn off a small cell whose CRS is monitored by no UE is a network decision. 
The UE does not need to know the DRS transmission power to generate RRM measurements and reporting (however the network knows the DRS transmission power). If at a later stage, pathloss estimate based on DRS is to be used for, e.g., RACH, the DRS transmission power or its offset with respect to the CRS power needs to be known by the UE.

Observation 4: The off state behaviors mainly include Rel-12 UE performing DRS-based measurements and Scell (of dual connectivity or CA) deactivation for supported UEs.
2.4.2 Idle UE handling

· Legacy idle UE
· Legacy idle UE is camped on the coverage layer (e.g. macro layer)

· Legacy idle UE is barred from monitoring a small cell operating on/off.
· Rel-12 idle UE

· Additional idle UE behavior may need to be defined if a Rel-12 idle UE may camp on an on/off small cell and monitor DRS. Or a Rel-12 idle UE can follow legacy idle UE handling if no new behavior is to be introduced in Rel-12. Further study in 3GPP may be done after the support for connected UEs is provided.
Observation 5: Idle UE handling can be done based on existing legacy procedures and additional support may be FFS.

2.5 Enhancements

From the above descriptions, it can be seen that the enhancements needed to support small cell on/off are mainly the DRS-based RRM measurements and dual connectivity configuration, activation, and deactivation. The dual connectivity based operations are similar to CA based operations introduced in Rel-10/11 and can shorten on/off transitions. Below we focus on DRS-based measurements.
The DRS-based measurements may be performed by Rel-12 UEs regardless of the on/off of a small cell. Therefore, the UE and network can function without the UE being aware of the on/off status of the cell. The measurements may be used by the network to make decision for on/off, load balancing/shifting, handover, or activation/deactivation, etc. Most importantly, as the DRS-based measurements are available even when the cell is off, network adaptation decision making and on/off transitions do not need to rely on CRS-based measurements which are available only during the small cell on stage. This can significantly shorten the transition durations since the CRS-based measurements dominate the transition times in most cases. Further details regarding DRS can be found in [3], and further details on measurements and procedure enhancements for transition time reduction can be found in [4].
Observation 6: DRS-based RRM measurements can significantly shorten the transition time.

To summarize from all above observations, the following are concluded:
Conclusion 1: Enhancements for semi-static small cell on/off include enhanced discovery and measurement, dual connectivity, and procedure optimization.
Conclusion 2: With these enhancements, small cell on/off may be performed at the tens of millisecond level.
3 Conclusions

In this contribution, discussions were provided regarding Rel-12 supports for semi-static small cell on/off schemes, including clarifications to addressed the detailed on/off design points.
Conclusion 1: Enhancements for semi-static small cell on/off include enhanced discovery and measurement, dual connectivity, and procedure optimization.
Conclusion 2: With these enhancements, small cell on/off may be performed at the tens of millisecond level.
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