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1 Introduction
In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements (SCE) for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved for Release 12 study [1]. In particular, it specifies the operation efficiency improvement as a focus area:

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

In this contribution, technologies for operation efficiency improvement focusing on interference avoidance and coordination will be discussed. 

2 Interference conditions

Interference conditions stand for the conditions of interference in a given scenario, such as the main characteristics of the interference statistics. In order to develop and utilize interference avoidance and coordination mechanisms, it is needed to analyze the interference conditions of the deployment scenarios under consideration. Therefore, the first step is to reach a conclusion on the interference conditions. A few factors may be considered: 

· The different scenarios agreed by RAN1 may have different interference conditions. 
· Different traffic loads may lead to different interference conditions. 

· Common channels and data channels may experience different interference conditions. The interference conditions for data channels and a few common channels vary significantly with traffic load fluctuations, dynamic scheduling decisions, etc., and hence dynamic simulations are needed to understand the interference conditions for such channels. On the other hand, the interference conditions for some common channels vary to a less degree with traffic load fluctuations and scheduling decisions, and hence static simulations may be sufficient for studying interference conditions of those channels.
· In some scenarios there may be a layer with only macros, whose interference conditions may be similar to cases studied before; thus the focus should be on the interference conditions for layers with small cells.
Generally for an interference-limited small cell network, the following interference issues may arise:

· Strong interference from mainly one or two dominant interferers, which may be called as Type 1 interference condition. This may be the case for, for example, the common channels in macro and small cell co-channel deployment, sparse small cell deployment with macros on another carrier, etc. This has been seen in Rel-10/11 (F)eICIC study in which the macro(s) is (are) the dominant interferer(s). In addition, the data channels in some dense deployments (i.e. there exist a large number of small cells in an area) with light traffic loads (and therefore, many of the small cells have little or no traffic) may also experience Type 1 interference conditions.
· Strong interference from several strong interferers without apparently dominant ones, which may be called as Type 2 interference condition. This may be the case for, for example, the common channels in dense small cell deployment with macros on another carrier, etc. In a dense network, interference caused by persistently transmitted CRS and interference caused by data channels under high traffic load may lead to this interference condition.
· Significant interference fluctuations, which may be seen in both Type 1 and Type 2 interference conditions. As pointed out in TR 36.932 [2], small cell deployment is likely to have traffic variation over time and spatially uneven user distribution, which may lead to a significant interference fluctuations in spatial, temporal and frequency domains, and in transmission direction (UL or DL). 

Note that the distinction between Type 1 and Type 2 interference conditions may not be absolute; nevertheless several (different but possibly related) mechanisms may be adopted to address the interference issues.
3 Mechanisms for interference avoidance and coordination 

Several interference avoidance and coordination mechanisms may be used to address the identified interference issues. 

· For Type 1 interference conditions, the mechanisms may include eICIC-like solutions, interference cancellation (IC), etc. Further generalizations of the existing eICIC-like solutions may be needed for Rel-12 small cell enhancement study so that the solutions may adapt to the wide range of backhaul connection conditions as listed in [2]. Note that IC (including both CRS IC and data channel IC) may be studied in other topics and will not be included in small cell enhancement study item.
· With Type 2 interference, eICIC-like or IC solutions may not be very beneficial. Muting/removing one or two interferers may not significantly reduce the interference. 
For interference caused by common channel transmissions (e.g. CRS transmissions), network adaptation may be beneficial, including on/off adaption of small cells, adaptive carrier selection by small cells, and power adaptation for small cells, etc. 
For interference caused by data transmissions, network adaptation and load shifting may be beneficial, the latter including adaptive UE-cell association and adaptive carrier selection by UEs. See later subsections for more detailed discussions.
· To cope with the significant interference fluctuations, network adaptation and load shifting as described above may be beneficial.

· The impact of these mechanisms needs to be carefully evaluated to ensure that the network operation remains stable under interference jumps caused by network adaptation and that the overall network performance can be improved at the same time.

Some of these mechanisms are described in details as follows, and some further details may be found in companion contribution [5].
3.1 Small cell on/off adaptation
Small cell on/off adaptation refers to the adaptive turning on and turning off of a small cell. When the small cell is turned on, it acts as a legacy carrier and may transmit the signals existing in a legacy carrier and signals necessary for data transmission, such as reference signals used for measurements and demodulation. When the small cell is turned off, it does not transmit any legacy carrier signals nor signals necessary for data transmission. The main purpose of small cell on/off adaptation is for interference avoidance and coordination. A network may turn off certain small cells to reduce intercell interference, especially the interference caused by common channel transmissions such as CRS.
A main issue that needs to be currently addressed is the time scales for on/off adaptation. First, the performance benefits associated with the considered time scales should be agreed by 3GPP. Second, small cell on/off adaptation may differ from some existing studies (e.g. RAN3 Energy Saving SI/WI [4]) in time scales. Energy Saving in RAN3 is more focused on on/off in large time scales, e.g. in terms of hours. On/off adaptation is more dynamic, but on the other hand it cannot be too frequent due to limitations imposed by, e.g., stable measurement requirements, RRC signalling time scales, etc. An example of a small cell’s on/off adaptation activities is illustrated in Figure 1.
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Figure 1. An example timing diagram for on/off adaptation of a small cell (not drawn to scale)
· T0: The duration during which the small cell is turned off.
· T1: The duration between the moment that a “turn on” decision is made and the moment that the cell can transmit PDSCH. The length of T1 may depend on, e.g., stable measurement requirements, RRC signalling time scales, etc., which may be a few hundreds of milliseconds using currently existing procedures.
· T2: The duration during which PDSCH can be transmitted.

· T3: The duration between the moment that a “turn off” decision is made and the moment that the cell is turned off. The cell activity during this period may include handing over UEs to other cells, etc., which may take several milliseconds to a few hundreds of milliseconds.
It may be desired to have T1 and T3 sufficiently shorter than T2 and TPAoff since they may be viewed as “transient” or “overhead”. This suggests that the time scale for small cell on/off adaptation may be in terms of seconds or longer.
The following solutions may support the transitions for on/off adaptation:
· 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, or using UL signals as a trigger.
Proposal 1: Reach a conclusion on the feasible time scales for small cell on/off adaptation.

Proposal 2: Study both UL signal based solutions and DL signal based solutions for small cell on/off adaptation.
3.2 Carrier selection

The small cell on/off adaptation concept can be naturally extended to the scenario of having multiple carriers available at small cells, which is particularly feasible in higher frequency bands considered for small cell deployment. Under the low-medium load conditions, inter-cell interference avoidance may be facilitated by intermittently having DL transmission disabled/enabled on a subset of carriers at each small cell. For instance, in a dense network, if few UEs are served by a small cell, the system throughput may experience an improvement if the small cell disables DL transmission on most of its component carriers (CCs). Appropriate mechanisms are required to select a subset of CCs for small cell’s DL transmission. The time scale that such a selection remains valid is an important factor considering packet length, traffic arrival rate, measurement impact, as well as overhead signaling and transient time required for enabling/disabling a subset of CCs. Availability of macro coverage as well as fast backhaul connection may lead to better CC subset selection schemes. 
The carrier selection by small cells is closely related to carrier selection by UEs, in the sense that one may affect or even lead to the other and in some cases it may be beneficial to jointly decide the carrier selections by small cells and UEs.
Proposal 3: Further study the scheme and benefits of carrier selection in conjunction with small cell on/off adaptation.
3.3 Downlink power adaptation
Downlink power control/adaptation has received only limited attention in LTE system and only some preliminary downlink power control techniques have been adopted. In an interference-limited dense small cell scenario, however, downlink power control may be beneficial to reduce interference level and improve performance. Power adaptation may be viewed as a “soft on/off adaptation” and integrated with solutions based on on/off adaptation and carrier selection, offering a wide range of transmission power levels between zero (associated with the dormant state) and normal power level (associated with the active state). 
Proposal 4: Further study the scheme and benefits of downlink power adaptation.
3.4 Load shifting
By using load shifting, a strong interferer (say, Cell 1) may offload some of its traffic to neighboring small cells or non-co-channel macro cells so that Cell 1’s PDSCH transmissions may have reduced power or be turned off, thus reducing the inter-cell interference to other cells’ UEs. In this case, the widely used concept of “load balancing” should be replaced by a more general notion of “load shifting”. The study of load shifting mechanisms may be integrated with network adaptation study.
3.5 CoMP

CoMP has been shown as an effective technology for interference avoidance and coordination. In general, ideal backhaul connections are needed to support CoMP schemes, especially those requiring dynamic coordination. Small cell enhancement study item considers a wide range of backhaul connection conditions including both ideal and non-ideal backhaul. For example, within a small cell cluster (as agreed in SCE simulation assumptions) ideal backhaul may be feasible, but among different clusters and between macro cells and small cells, non-ideal backhaul is more likely. Therefore, Rel-11 CoMP schemes may be applied within a small cell cluster, and further study is needed to determine the potential benefits and mechanisms to apply CoMP concepts across different clusters and between macro cells and small cells over non-ideal backhaul. In the latter case, less dynamic (e.g. semi-static) CoMP for interference avoidance and coordination may be considered and throughput performance needs to be evaluated.
4 Conclusion
This contribution discussed technologies for operation efficiency improvement focusing on interference avoidance and coordination. The following are proposed:
Proposal 1: Reach a conclusion on the feasible time scales for small cell on/off adaptation.

Proposal 2: Study both UL signal based solutions and DL signal based solutions for small cell on/off adaptation.
Proposal 3: Further study the scheme and benefits of carrier selection in conjunction with small cell on/off adaptation.
Proposal 4: Further study the scheme and benefits of downlink power adaptation.
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