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1. Introduction 
Small cell enhancement is identified as one of the most important topics on R12 and onward. The mutual interference problem between the densely deployed small cells needs to be carefully handled to enable the efficient operation. In the RAN1 72bis meeting  [1], the following conclusions were made:

· Candidate techniques for further study are as follows, but not limited to

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available
· Note that this work will continue under this SI, with the findings being taken into account in NCT WI later. 
· Enhanced power control/adaptation (for both downlink and uplink)
· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul
· Continue study in RAN1#73; can be transferred into a new WI if one is approved at RAN#60.
· For each of the techniques, further study including the followings

· Feasible time scale (i.e., how fast or slow the technique is applied)
· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signaling, energy consumption, possible impact on IDLE mode UEs 
In this contribution, we give a discussion on the detailed operation of the proposed interference avoidance solutions.
2. Interference problem in R12 small cell
In R12 small cell deployment scenario, two types of interference problems should be addressed, the first one is the interference problem between Macro cell and small cells, the other one is the interference problem between small cells. 
The interference problem between Macro and small cells has been widely discussed in previous release, the TDM based solution is concluded as the baseline solution. Regarding the R12 small cell deployment scenario, it is unlikely that a biased based scheme would still be used to expand the small cell’s coverage since the small cells are already been densely deployed. Therefore, the interference level between Macro cell and small cells is similar to that in R8 inter-cell interference, and thus, the R8 ICIC scheme could be reused to handle the interference problem between Macro and small cells.

The interference problem between small cells is a new issue in R12 small cell deployment scenario. In previous study on the interference management, we have already identified the interference problem for some scenario such as co-channel between Macro and small cell, and  also the solutions to handle the interference such as TDM resource partition, UE side IC and the CB based ICIC. However, we still observe some differences [2] on the interference scenario according to the approved SID [3]  compared to the one we have worked on.
1) The densely deployed small cells

In R11 FeICIC WI, the main focus is only a sparse deployed small cell under the Macro coverage. We have noticed the benefit to have much denser small cell deployment and agreed to focus on this scenario in R12 SID. The interference problem would be much severe compared to that we have recognized in R11 FeICIC WI. The existing solutions may not enough to handle the interference problem in R12 small cell deployment scenario. 
2) Dynamic activity of the small cells

One of the most important use cases for deploying the small cell would be the indoor scenario. Typically the small cells would be UE-deployed and their activity would be quite dynamic and un-predictable since operator would not like to impose too much control on the UE-deployed small cells. This would potentially imply a dramatically changed interference level observed on the UE side. It is not clear the existing interference management methods could be capable enough to handle this kind of interference scenario.
Observation 1:

· The traditional ICIC scheme could be used to handle the DL interference problem between Macro and small cells

· The densification and the dynamic nature of the small cell in R12 would create new interference scenario that we should further address
3. Analysis on candidate solutions for interference avoidance
In this section, we present our views on some interference avoidance solutions that have already been proposed.
Method 1: TDM/FDM resource partition
In the FeICIC WI that is focus on the co-channel deployment between the Macro and small cells, the resource partition which allows the interfering cell and victim cell occupy different time/frequency resource is widely investigated. Finally the TDM resource partition that can be realized by configuring the ABS or MBSFN is concluded as the baseline solution. However, the solution may not be enough to handle the interference problem among the small cells for two reasons. One reason is that the interference is bidirectional rather than unidirectional, the other reason is the dense deployed small cells will create more interfering cells. More ABSs may need to be configured among small cells for cell-edge UEs and this will introduce substantial spectrum efficiency loss. In this sense, the existing TDM/FDM is not efficient to handle the interference problem among the small cells. However, we think it should still be used as a benchmark for any new mechanisms, and the suitability of existing ICIC mechanisms in the small cell environment should be evaluated first.
Proposal 1:

· The existing TDM/FDM resource partition may not be sufficient, but could be used as a benchmark for any new mechanisms
Method 2: Small cell  on/off

In this method, the network could  turn on or off some small cells to accommodate the traffic need and interference mitigation requirement . When the traffic is light or the mutual inter-cell interference is strong, the network may turn off some small cells to save the energy cost and reduce the mutual interference. Due to mitigation of interference, the spectrum efficiency can be maintained or improved even with a reduced network resource. While when the traffic is heavy, the network will turn on some small cells to provide more network resource to meet the traffic requirement.
In order to support the small cell on/off scheme, the following two aspects should be considered:

1) Time scale
As the main purpose of the small cell on/off scheme is to perform the interference avoidance between small cells, considering the number of small cells could be large and deployment of small cells could be quite dense,  the frequency of small cell turn on/off  could be  larger than that has been studied in RAN3 energy saving SI [4]. However, the transition between on/off of small cell should also not too dynamic, as during the transition of the states, some signalling exchange related procedures need to be involved. For example, when a small cell is transitioning from the “on” to “off” state, the small cell need to instruct the serving UEs to perform handover to neighboring small cells. While when a small cell is transitioning from the “off” to “on” state, the UE needs to perform measurement and initial association procedure. On the other side, if traffic and number of UE supported are also considered, the traffic between small cells and number of UE supported may not change that dynamically.  In addition, turn on/off small cell too dynamically may result in dynamic interference characteristic which may lead the use of some interference estimation and cancellation techniques more difficult.   Thus, time scale of the small cell on/off scheme could be longer than seconds, and could be in the range of hours. To accommodate different needs, a range of small cell turn on/off cycles or frequency could be defined. 
Proposal 2:

· The time scale of the small cell on/off  should not be too long or too short, a range of small cell on/off cycles/frequency could be defined. .

2) Support of the transition
Solutions to support the transition of the small cell on/off states should be further investigated. The transition from an “on” to an “off” state is mainly triggered by the interference level and the traffic load. In one aspect, the interference level could be measured by the UE and reported to the small cell eNB, the network would decide to turn off some small cells based on the measurement result. In the other aspect, traffic load information also needs to be exchanged between the small cells. For some small cells that have a relatively light traffic load, it is better to turn off them to reduce the interference and save the energy cost. For some small cells that are overloaded, the traffic load information exchanged to the neighboring cells could be used to turn on more small cells. 
Proposal 3:

· Traffic load information should be exchanged among small cells to support the transition of the small cell states
Two methods have been proposed [5]  to support the transition from an “off” to an “on” state as follows:
· UL-signal based solutions. Small cells monitor uplink, such as RACH, SRS, IoT, or modifications of existing signals.

· DL-signal based solutions. The network decides to turn on certain DL channels, e.g., DL reference signals for UE measurements, based on several mechanisms such as periodic DL reference signal transmissions, using load/location information sent from some network entities as a trigger (i.e. wake-up signal), or using UL signals as a trigger.

The DL-signal based solutions may require the small cells to transmit some DL reference signals or other possibly newly introduced discovery signalling. However, when a small cell is in an “off” state, it is not clear yet a new discovery signalling will be introduced or not. In other hand, it is not reasonable that some legacy DL reference signals such as CRS are still transmitted from the viewpoint of the interference avoidance. Thus, it is preferred that a UL-signal based solution is adopted to support the transition. 
The small cell that is in an “off” state could periodically turn on its receiver and monitor the UL signals from the UE. In the other alternative, the network could also instruct some small cells to turn on its receiver, this may require some additional information such as location information. After the detection of the UE, some small cells would transit from an “off” to an “on” state to provide service.
Proposal 4:

· It is preferred to adopt the UL-signal based solutions to support the transition of the states
· Further study what kind of signals should be transmitted for a small cell that is in an “off” state
Method 3: Enhanced power control
In our understanding, the enhanced power control is an alternative to realize the dynamic on/off scheme. The small cell could adjust its transmission power based on the interference level and traffic load. In this sense, the time scale of the power control scheme should be comparable to that of the small cell  on/off scheme. In order to support the enhanced power scheme, the following aspects should be further considered:
1) The setting of the power level
It should be noted that in the enhanced power control scheme, the power control should be applied for both the reference signals and data transmission. In this sense, the power control should take the interference condition and coverage into account. The detailed setting of the power level should be further investigated
2) The method to inform the power level
In the enhanced power control scheme, the change of the transmission power for both reference signals and data would be more dynamic than that we have supported right now. For the power level of the data, it could be informed to UE by the scheduling grant, as compared with semi-static configured right now. For the power level of reference signals such as CRS, it is informed in the system information in previous release as it is used for all the UEs. However, considering that more dynamic change of the power level for the reference signals may be needed, it is not yet clear if this method is feasible.
Proposal 5:

· The setting of the power level and method to inform the power level for both reference signals and data should be further investigated.

4. Conclusions

In this contribution, we discuss the interference problem in R12 small cell and have the following observation.

Observation:

· The traditional ICIC scheme could be used to handle the DL interference problem between Macro and small cells

· The densification and the dynamic nature of the small cell in R12 would create new interference scenario that we should further address

Further we present an analysis on some interference avoidance solutions. Based on our analysis, we have the following proposals:
Proposal:

· The existing TDM/FDM resource partition may not be sufficient, but could be used as a benchmark for any new mechanisms
· The time scale of the small cell  on/off  should not be too long or too short, a range of small cell on/off cycles/frequency could be defined. 
· Traffic load information should be exchanged to support the transition of the states
· It is preferred to adopt the UL-signal based solutions to support the transition of the states
· Further study what kind of signals should be transmitted for a small cell that is in an “off” state
· The setting of the power level and method to inform the power level for both reference signals and data should be further investigated.
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