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1 Introduction
In RAN WG1 Meeting #73, several aspects of small cell on/off adaptation were discussed, including the on/off adaptation performance evaluations, feasible time scales, and supporting mechanisms. In this contribution, further discussions are provided regarding the concept and schemes of small cell on/off and the related time scales, impact on network performance, and potential standards impacts to support enhancements. 
2 Small cell on/off definitions

Small cell on/off means the adaptive turning on and off of a small cell. Note that a cell here may refer to a component carrier (CC). 
· When a small cell is on, it transmits signals necessary for a UE to receive data from the cell, such as reference signals used for measurements and demodulation.
· When a small cell is off, it does not transmit signals necessary for a UE to receive data from the cell. Therefore, for a legacy UE, the cell is not perceivable when turned off. However, enhancements to assist turning on a turned-off cell may be introduced for new UEs, for example, signals to detect and/or measure the turned-off small cell.
Note that small cell on/off can also apply to new carrier types (NCTs) after they are introduced.

Proposal 1: Capture the following small cell on/off definition in the TR: “Small cell on/off refers to the adaptive turning on and off of a small cell. When a small cell is on, it transmits signals necessary for a UE to receive data from the cell. The small cell is off otherwise.”

3 Main schemes relevant to small cell on/off study
The following schemes are relevant to small cell on/off study:
1) Baseline schemes without any on/off

In these schemes, the small cell is always on.

2) Long-term on/off schemes for energy saving

In these schemes, the small cells may be turned on/off in large time scales, at most a few times in a day. These schemes are studied in RAN3 Energy Saving SI/WI.
3) Semi-static on/off schemes
In these schemes, the small cells may be turned on/off semi-statically. With legacy procedures, the feasible time scales of semi-static on/off schemes are generally of second to hundreds of millisecond level; and with possible enhancements, the transitions may reduce to tens of milliseconds. See Sec. 4 for the feasible time scale discussions. The criteria used for semi-static on/off are mainly the traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. Examples of semi-static on/off schemes include:
a) Semi-static on/off scheme based on traffic load

In this case, a turned-off small cell may be turned on if the traffic load in a neighbourhood of the cell (including the cell itself) increases to a certain level. Conversely, a turned-on small cell may be turned off if the traffic load in a neighbourhood of the cell decreases to a certain level.
b) Semi-static on/off scheme based on UE-cell association

In this case, a turned-on small cell may be turned off if there is no UE associated to it, and a turned-off small cell may be turned on if the network decides a UE to be associated to it. The UE-cell association may be decided by the network taking into account of UE measurements (e.g. discovery measurements) and load balancing/shifting considerations.
c) Semi-static on/off scheme based on packet call arrival/completion

In this case, a turned-off small cell may be turned on if a packet call arrives and needs to be transmitted, and the cell may be turned off after the packet call is completed. 

4) Ideal, dynamic on/off schemes
In these schemes, the small cells may be turned on/off in subframe level, following criteria such as packet arrival/completion and the need for interference coordination/avoidance in subframe time scales. In other words, at the moment of a packet arrival, the small cell can be turned on immediately and transmit the packet to a UE, and it can be turned off at the moment of the completion of the packet. Likewise the small cell can be turned on/off immediately based on the need for interference coordination/avoidance. Clearly, these schemes cannot be supported at least according to current standards, and they are studied in SCE SI to provide performance gain upper bounds for on/off adaptation. The support of dynamic on/off (if any) may be FFS and may not be addressed in SCE SI.
5) NCT with reduced-CRS
NCT with reduced CRS is studied in NCT WI. Small cell on/off developed in SCE is expected to apply to NCT after they are introduced.
From the above descriptions, we conclude that the focus for SCE should be semi-static on/off and enhancements to improve its feasible time scale (to be further analyzed in later sections).
Proposal 2: Summarize in the TR the on/off schemes, with focuses on semi-static on/off schemes.

4 Feasible time scales for on/off transitions
4.1 Feasible time scales based on legacy procedures 

Various assumptions on small cell and UE capabilities, status, protocols, etc., can affect the feasible time scales for on/off adaptation. The following legacy procedures may be used to connect/disconnect a legacy UE to a cell:
· Utilizing handover procedure: The network may hand over a connected UE into or out of a small cell when it is on. The transitions generally take hundreds of milliseconds. RRC reconfiguration is generally needed.

· Utilizing SCell procedures: The network may activate/deactivate a configured SCell. The transitions generally take tens of milliseconds, and RRC reconfiguration is generally not needed. On the other hand, to configure/release a SCell may take hundreds of milliseconds, and RRC reconfiguration is generally needed; however the configuring/releasing a SCell are needed only once in a while.

· Utilizing DRX procedure (not preferred): The cell may coordinate its UEs DRX parameters so that the cell may be turned off when its UEs are in DRX. Handover or RRC reconfiguration is generally not required. However, this may not be a preferred scheme as a UE may still perform measurements in DRX, possibly causing measurement issues if it cannot see the cell. The time scales are at least tens of milliseconds.

The feasible time scales based on legacy procedures are analyzed in details in Appendix and are summarized as follows. Note: Only the order of magnitude of the feasible time scale (the unit being millisecond, or ms) is concerned here: 1's: several ms; 10's: tens of ms; 100's: hundreds of ms; 1000's: thousands of ms. 
Table 1 Summary of small cell on/off time scales based on legacy procedures
	Time scale (ms)
	Cases

	1000's
	UE uses a just turned on inter-freq cell

	100's ~ 1000's
	UE uses a just turned on intra-freq cell

	10's ~ 100's
	CA capable UE in DRX uses a configured SCell

	10's
	CA capable UE in continuous Rx uses a configured SCell

	100's
	all other cases 


To summarize, the relevant procedures/protocols/configurations/assumptions are much diversified and they significantly affect the feasible time scales. 
Proposal 3: Capture in the TR that “The order of magnitude of feasible time scales using legacy procedures for small cell on/off mainly depend on UE capability (CA capable or not), UE status (idle, DRX, or continuous RX), and the frequency (inter-frequency or intra-frequency) of the cell. Small cell on/off is feasible at least at the seconds level if legacy mechanisms are used.”
4.2 Feasible time scales enhancements 

Network adaptation based on existing mechanisms may involve multiple procedures (e.g. PSS/SSS based cell detection, RSRP measurements, configuration signaling, handover, etc.) usually taking hundreds of milliseconds to complete a transition. Faster transitions may be desirable in some cases. Some or all of the involved procedures may be simplified, modified, or even eliminated, to shorten the transition. 
· Utilizing discovery signals. Discovery signals may be sent from a turned-off small cell and UE can perform necessary measurements. The measurements may be utilized so that additional measurement duration after the cell is turned on can be significantly reduced (to, e.g. tens of milliseconds or even shorter).  
· Utilizing dual connectivity / MSA. Legacy handover procedures may be streamlined under the assumptions such as dual connectivity / MSA. Dual connectivity / MSA may allow a faster transition by reducing/eliminating the needs for handover to and from a small cell performing on/off. Once dual connectivity / MSA between a UE and a small cell is configured, the activation/deactivation of the cell based on a procedure similar to carrier aggregation may be used, and the time scale may be in the tens of milliseconds level or even less. 
Proposal 4: Capture in the TR that, with enhanced procedures based on discovery signals during small cell off and dual connectivity / MSA operations, small cell on/off feasible time scales may be reduced to tens of milliseconds.
5 Potential impacts on system performance
5.1 Throughput performance evaluation summary
Throughput performance evaluations of small cell on/off have been carried out by a few companies and some main observations are summarized in RAN1 #73 Chairman Notes, recapped below for convenience:
· Significant UPT benefits are observed relative to a baseline without CRS interference mitigation or MBSFN subframes, with FTP models 1 and 3 at least when idealised dynamic (i.e., subframe-level) small cell on/off is assumed and with low/medium load 

· Lower gains are also observed with FTP model 3 when semi-static adaptation is assumed
· Gains are due to reduced interference from CRS and common control channels

· FFS performance benefits with feasible time scale

Additional results have been provided in [6] to further conclude the semi-static adaptation gains and performance benefits with feasible time scale enhancements: 
· Semi-static on/off scheme based on traffic load. The gains are moderate over baseline with low/medium load.

· Semi-static on/off scheme based on UE-cell association. The gains are moderate over baseline with low/medium load, and the gains are higher in cases with sparse UE distributions.

· Semi-static on/off scheme based on packet call arrival/completion. The gains are significant over baseline with low/medium load if the on/off transition is shortened to less than 100ms levels. The shorter the transitions, the higher the gains.
Thus, it may be concluded that moderate to significant gains are observed when semi-static adaptation is assumed and with low/medium load, and enhancements to reduce feasible time scales of transitions are beneficial to throughput performance.
Proposal 5: Conclude small cell on/off throughput benefits in the TR based on the throughput gain summary in RAN1 #73 Chairman Notes, with further conclusion that semi-static on/off schemes provides moderate to significant throughput gains with low/medium load. Enhancements to reduce feasible time scales of transitions are beneficial to throughput performance.
5.2 Potential impacts on other network performance

Other potential network impacts may include network coverage, legacy UE support, mobility, and energy consumption.  
· Network coverage: If there exists a coverage layer, such as a macro layer, network coverage can be ensured by relying on the coverage layer. Furthermore, idle UEs can also be supported if they are camped on the coverage layer, which is allowed by the current cell selection mechanism. Generally the network should be configured such that idle legacy UEs will not camp under a small cell with on/off operations.
· Legacy UE support: Legacy connected UE operations can be supported by small cells with on/off, if the necessary network-side coordination and operation restrictions are applied. A PCell may be turned off only after all legacy connected UEs are handed over out of it, and a SCell may be turned off only after its legacy connected UEs are released or deactivated from the cell. 
· Mobility: no mobility issue has been identified related to small cell on/off (related to RAN2 Het-Net mobility study and RAN2 small cell study).
· Energy consumption: reduction of energy consumption is expected (as concluded during RAN1#73).
Proposal 6: Conclude in the TR the following potential impacts on other system performance:
· Network coverage and idle UE support can be ensured if a coverage layer (e.g. macro layer) exists.

· Legacy connected UEs can be supported on cells operating on/off if the necessary network-side coordination and operation restrictions are applied.  
· Mobility: no mobility issue has been identified related to small cell on/off (related to RAN2 Het-Net mobility study and RAN2 small cell study).
· Energy consumption: reduction of energy consumption is expected.
6 Potential standards impacts for enhancements

In this section, we discuss a small number of potential standards impacts for several enhancements of mechanisms and procedures for on/off adaptation. They mainly include physical signals to assist adaptation (e.g. DL/UL discovery signals), enhanced network load/utilization metrics and exchange, procedures for coordinated network decision making and stabilization, and enhanced procedures for reducing transition feasible time scales (such as simplifying/eliminating handover procedures by utilizing, e.g. dual connectivity / MSA; see Sec. 4.2 for the discussions).

6.1 Physical signal enhancements to support adaptation
These physical signals may be used for a small cell, possibly turned off, to identify the potential presence of UEs in its vicinity. They may also be used for a UE to identify the potential presence of small cells, possibly turned off, in its vicinity. The measurements based on these physical signals can then be used to determine if turning on a small cell is sufficiently beneficial to the network or not. The physical signals mainly include the DL/UL discovery signals.
A turned-off small cell may monitor the uplink, such as RACH, SRS, or modified existing uplink signals, to decide if it needs to be turned on. As also acknowledged in [3], further enhancements of existing uplink signals are needed. The aspects that may be enhanced include power control, triggering signals to UEs, and resource allocation and sequences; see [2] for details.
Proposal 7: Existing RACH/SRS may be enhanced for supporting on/off adaptation.
On the other hand, DL measurements at the UEs may be needed for the network to make better adaptation decisions. Discovery signals (DRS) may be a good candidate [1]. Note that DRS may be transmitted from a set of antennas associated with a small cell that is turned off (see [2]) and hence the measurement feedback based on DRS can help the network determine whether it is needed for the small cell to be turned on. As discussed in several contributions, DRS may be a special CSI-RS with appropriate modifications. Details may be found in a companion contribution [7].
Proposal 8: Discovery signals may be used for supporting on/off adaptation.
As for the relationship between the UL physical signal and the DL physical signal, generally the UL signal needs to be followed by the DL signal, since the DL signal can provide more accurate measurements. On the other hand, for better efficiency/flexibility, it may be desirable to activate the DL signal transmission on the selected cells at the selected times, where the selections are 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. 
6.2 Enhanced network load/utilization metrics and exchange
The load/utilization metrics may be used by the network to decide if adaptation is beneficial and if load balancing/shifting is needed. Some enhancements may be useful to help the network make adaptation and load balancing/shifting decisions. Details may be found in a companion contribution [5].
6.3 Procedures for coordinated network decision making and stabilization

The decision of the on/off status of a small cell may affect multiple cells and UEs. It may occur that a decision is beneficial to some UEs but negatively impacts other UEs. Ping-pong behavior (e.g. ping-pong of UE-cell associations, network oscillations with frequent small cell on/off) may also occur as a result of network adaptation. Therefore, it is desirable to evaluate the potential impact of an adaptation decision on the network before it is implemented. One way to support this is based on the multiple CSI processes introduced in Rel-11 CoMP, that is, a CSI process may be used to pre-evaluate a network adaptation hypothesis. The associated resources may be a set of CSI-RS/CSI-IM resources introduced in Rel-11, and the network coordinates the network adaptation transmissions on these resources, followed by UE measurement reports for the CSI process. Very limited standards supports are needed for the configuration, transmissions, measurements, and reporting during this procedure, but some timed-coordination at the network side (mainly RAN2/3 impacts, such as which cell is to be turned on at what time and for how long) and signaling to the UE (physical layer measurement related) may be needed. 

Network adaptation, especially on/off of a small cell, may lead to sudden interference (and hence measurement) jumps in the network. If the measurement filtering has a large time constant, it may take a long time for the measurement to track a new interference condition. Mechanisms may be introduced to cope with the sudden measurement jumps due to network adaptation. A simple way is to send a measurement reset signal to a UE, which may be the same signal used in the above procedure, to help the UE adjust its measurements appropriately.
Proposal 9: Mechanisms based on multiple CSI processes to allow the network to assess network adaptation decisions with timed-coordination at the network side and signaling to the UE may be introduced for supporting on/off adaptation.
7 Conclusion
In this contribution, small cell on/off and relevant concepts were discussed, including on/off schemes, time scales, network impacts, and potential standards impacts. The following are proposed:
Proposal 1: Capture the following small cell on/off definition in the TR: “Small cell on/off refers to the adaptive turning on and off of a small cell. When a small cell is on, it transmits signals necessary for a UE to receive data from the cell. The small cell is off otherwise.”

Proposal 2: Summarize in the TR the on/off schemes, with focuses on semi-static on/off schemes.

Proposal 3: Capture in the TR that “The order of magnitude of feasible time scales using legacy procedures for small cell on/off mainly depend on UE capability (CA capable or not), UE status (idle, DRX, or continuous RX), and the frequency (inter-frequency or intra-frequency) of the cell. Small cell on/off is feasible at least at the seconds level if legacy mechanisms are used.”
Proposal 4: Capture in the TR that, with enhanced procedures based on discovery signals during small cell off and dual connectivity / MSA operations, small cell on/off feasible time scales may be reduced to tens of milliseconds.
Proposal 5: Conclude small cell on/off throughput benefits in the TR based on the throughput gain summary in RAN1 #73 Chairman Notes, with further conclusion that semi-static on/off schemes provides moderate to significant throughput gains with low/medium load. Enhancements to reduce feasible time scales of transitions are beneficial to throughput performance.
Proposal 6: Conclude in the TR the following potential impacts on other system performance:
· Network coverage and idle UE support can be ensured if a coverage layer (e.g. macro layer) exists.

· Legacy connected UEs can be supported on cells operating on/off if the necessary network-side coordination and operation restrictions are applied.  
· Mobility: no mobility issue has been identified related to small cell on/off (related to RAN2 Het-Net mobility study and RAN2 small cell study).
· Energy consumption: reduction of energy consumption is expected.
Proposal 7: Existing RACH/SRS may be enhanced for supporting on/off adaptation.
Proposal 8: Discovery signals may be used for supporting on/off adaptation.
Proposal 9: Mechanisms based on multiple CSI processes to allow the network to assess network adaptation decisions with timed-coordination at the network side and signaling to the UE may be introduced for supporting on/off adaptation.
References

[1] 3GPP TR 36.932, “Study on Scenarios and Requirements of LTE Small Cell Enhancements”, v0.2.0, Nov. 2012.

[2] R1-131854, “Network adaptation for small cell operation efficiency enhancement”, Huawei, HiSilicon, 3GPP RAN1#73, Fukuoka, Japan, May 20-24, 2013.
[3] R1-131407, “Interference avoidance and coordination”, Qualcomm, 3GPP RAN1#72bis, Chicago, USA, Apr. 15-19, 2013. 
[4] R4-132023, “LS on UE SCell activation delay in CA”, 3GPP RAN4#66bis, Chicago, USA, Apr. 15-19, 2013.
[5] R1-132889, “Load shifting/balancing and UE association enhancements”, Huawei, HiSilicon, 3GPP RAN1#74, Barcelona, Spain, August 19-23, 2013.
[6] R1-132890, “Performance evaluation of small cell on/off”, Huawei, HiSilicon, 3GPP RAN1#74, Barcelona, Spain, August 19-23, 2013.
[7] R1-132892, “Potential enhancements for small cell discovery”, Huawei, HiSilicon, 3GPP RAN1#74, Barcelona, Spain, August 19-23, 2013.
Appendix: Details on feasible time scales based on legacy procedures
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