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1. Introduction
In RAN#58 meeting, Study Item on Small Cell Enhancements in physical layer aspects was approved [2].  
In [1], it is stated that the small cell enhancement should target various scenarios, such as small cells with or without macro coverage，outdoor or indoor, dense or sparse, with ideal or non-ideal backhaul.  Deployment of co-channel or different frequency with macro should be both considered.  One of the major challenges for these deployments is interference management. Efficient interference avoidance and coordination schemes are required to mitigate inter-cell interference considering these scenarios.   To understand better on the interference issues in small cell deployment, one of the study areas captured in the SID is:

· 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

In this contribution, we discuss the interference issues in different types of small cell deployments.  Evaluation assumptions are proposed for the evaluation on the possible interference handling methods for efficient small cell operation.  We also present some potential enhancements for more efficient operation of the small cell deployment.
2. Scenarios and simulation assumptions for interference management
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Figure 1 Interference scenarios of small cell deployment

In [1], it was agreed that both dense and sparse small cell deployments are targeted scenarios.  In [3], different small cell scenarios are discussed.  Among them, scenario B and scenario D are the scenarios with dense deployment.  Sparse deployment such as four picos/macro case was studied in previous releases for the existing interference coordination schemes such as eICIC and CoMP.  Therefore, in the perspective of interference management, it is desirable to study dense deployment which hasn’t been studied before.  The interference is expected to be more severe in these scenarios.   
As shown in figure 1, scenarios B1 and D’ are co-channel scenarios in which outdoor and indoor small cell cluster deployed under the macro coverage in the same frequency.  The indoor deployment of a small cell cluster out of the macro coverage is illustrated in scenario D.   Scenario B2 is the case of outdoor deployment of small cell cluster under the macro coverage but with different carrier frequency.   The interference condition for scenarios D and D’ are similar because the penetration loss is as large as 20dB.  The interference coming from macro is reduced in large extent.  Therefore, it is sufficient to evaluate scenario D for indoor small cell.  Moreover, more indoor small cells (comparing with regular 2-site InH) should be considered as shown in figure 3.  For outdoor small cells, it is more desirable to evaluate cluster based dense deployment i.e. scenario B as shown in figure 2.  Co-channel (scenario B1) and non-co-channel (scenario B2) cases should be both evaluated.
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Figure 2.  Scenario B – cluster based dense deployment of outdoor small cell
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Figure 3.  Scenario D – Extended Indoor hotspot


Proposal 1：Evaluation on mechanisms for interference management in small cell deployment should focus on the dense deployment of small cells.  Study should focus on the following three scenarios:
· Scenario B1 – cluster based outdoor small cells with macro coverage in the same frequency

· Scenario B2 – cluster based outdoor small cells with macro coverage in the different frequency

· Scenario D – Extended indoor hotspot with dense indoor small cells
Number of outdoor small cells ={20,40,64} and number of outdoor small cell clusters=4.  Number of indoor small cells=18.  
Interference in small cell deployment can be classified as two types, i.e. interference between macro and small cell in the case of co-channel and interference among small cells.  Evaluation can be considered under the scenarios, in which coordinating cells are connected with ideal or non-ideal backhaul.
For consideration on backhaul interface, X2 interface can be assumed as a start point.  It is also desirable to study other interfaces such as new air interface for coordination or fast proprietary interface in centralized deployment case.  Regardless, different types of backhaul with different latencies and throughput should be considered.  We suggest to use three types of backhaul in [3] which have the latencies and throughput as {2ms, 10Gps}, {10ms, 100Mbps}, {50ms, 10Mbps}.  These three sets of values represent the cases of ideal, medium and slow backhaul respectively..
Proposal 2：Evaluation for interference management schemes should be done considering three types of backhaul with {latencies, throughput} = {2ms, 10Gps}, {10ms, 100Mbps}, {50ms, 10Mbps}
In order to evaluate the efficiency of new mechanisms for interference avoidance and coordination among small cell, some baseline reference need to be defined.  For non-ideal backhaul, eICIC can be the baseline scheme to compare against.  Semi-static ZP-ABS allocation with 6dB CRE bias can be used.  For ideal backhaul case, DPB can be used as the baseline scheme. 
3. Mechanisms for interference management in dense small cell scenarios
In this section, we describe the baseline schemes and potential enhancements for ideal and non-ideal backhaul cases.  Here we list some of the existing interference coordination schemes which can be potentially enhanced for dense small cell deployment.
3.1 eICIC
eICIC is an interference coordination scheme to reduce the macro to pico co-channel interference by configuring ABS on macro.  It is usually used in combination of cell range expansion (CRE) which helps offloading traffic to small cells.  

In dense deployment of small cells, interference from macro cells is not only the major interference sources.  Interference between small cells can be significant.  As shown in figure 4, pico UE geometries have a large gap between the cases with co-channel and non-co-channel when it is sparse deployment in 4-pico/macro case.  As more picos are deployed, the gap is getting smaller.  When there are 20 picos, the two curves are quite close which means interference among small cells has become dominating factor.
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Figure 4.  Geometry of small cell UEs with different densities of small cells
From figure 4, it shows that interference coordination between small cells is needed.   We can extend eICIC scheme to support ABS coordination between small cells as illustrated in figure 5.   Figure 6 shows the UE geometry when only one small cell is on at a time within a 5-small-cell cluster.  There are four clusters and hence 20 small cells in total in a macro area.  Therefore, the interference condition is similar to 4 small cells.  The SINR gain observed from figure 6 is coming from the signal gain because there are more small cells for the UE to choose.   The pathloss from the serving cell in 20 small cells case is less than the 4 small cells case.  According to this initial result, coordination between small cells can offer good potential gain in dense small cell deployment.
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Figure 5.  ABS coordination between small cells
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Figure 6.  SINR gain after coordination between small cells


3.2 Power setting and interference listening
Power setting is another efficient way for handling the inter-cell interference by measuring interference and setting the transmitting power of the interfering TP according to the measurement to reduce the interference to the victim UE [5]. The interference power can be measured and reported by the victim UE, or measured by interfering TP via e.g. SRS, and so on.  
The scheme can be extended to support interference listening among small cells.  Some coordination among small cells may be needed for efficient and accurate interference listening.
3.3 Frequency-domain or carrier based ICIC
Different from the eICIC method, the frequency-domain ICIC among small cells can be implemented in frequency-domain.   Muting or power control in frequency domain can be used in RB level or carrier based.   Frequency-domain ICIC has advantage of lower scheduling delay compare to above time-domain method which may be more desirable for small packet cases.  

When it comes to carrier based ICIC, several schemes were discussed in RAN3 under CA-based HetNet ICIC WI[6].  We may evaluate these schemes in dense deployment cases as well but work allocation between small cell SI and CA based ICIC WI should be carefully considered to avoid overlapping effort.  
3.4 Interference measurement
For efficient interference management, accurate interference measurement using small amount of overhead is necessary to ensure efficient operation of small cells.   Interference measurement using IMR is introduced in Rel-11 CoMP.  However, the consideration was mainly on sparse small cell deployment.  Here we list some of the potential enhancements on interference measurement for dense deployment.  
· Configurable interference averaging window
The traffic of small cell deployment is considered rapidly changing (uniformly or non-uniformly).   There is currently no restriction on how UE do the interference averaging.  It becomes hard for the network to trace what UE is exactly measuring.  In [7], it has been proposed that the averaging window length of interference measurement is signaled to UE by higher layer signaling so that the network side can have better control on interference measurement accuracy according to different situations, e.g. network traffic loading, CSI/IMR periodicity, UE speed, backhaul type etc. Some initial results were provided in [7] which shows significant gain when the network can configure the averaging window.  
· Stabilizing interference by using multiple subframe scheduling

To cope with the fluctuation of unstable small cell traffic, multiple subframe scheduling can be considered to make interference more predictable.  The network knows how interference will be in the future subframes if it has the scheduling information from coordinating cells.  Together with configurable interference averaging window, the network can the window length according to the future scheduling information.   It can therefore obtain more accurate interference measurement from UEs which improves link adaptation in unstable traffic.  
· Increase of IMR re-use factor

In the dense small cell deployments, IMRs of densely deployed small cells are required to keep orthogonal in time and frequency domain to ensure accurate interference measurement.  The number of available IMRs may be not enough to support large number of small cells.   Here we investigate into different methods of increasing the reuse factor of IMRs without increasing the overhead. 
· Aperiod IMR 
Aperiodic IMR can be used for aperiodic CSI feedback when the network wants to measure multiple interference from the UE while keeping the IMR overhead low.  Aperiodic IMR is setup in a way according to what the network wants for the aperiodic CSI feedback.   Periodic resources can be reserved for these aperiodic IMRs. Once one aperiodic CSI feedback is finished for one UE, the resources can be free up for aperiodic IMR measurement from another UE.  This way number of IMRs can significantly increase.  If number of IMRs is the limitation for the network, the network can be implemented such that feedback with multiple interference conditions can only be supported in form of aperiodic CSI feedback.  Coarse single-point CSIs are obtained by periodic CSI feedback.  This way we need periodic IMRs for single-point feedback only.  
· Frequency-domain multiplexing of IMR
Different IMR can take up different RBs in frequency domain so as to increase the IMR reuse factor. For example, the IMR0 can be located in odd RB and IMR1 located in even RB, which can double the number of IMRs as Figure 3 shown.  Frequency domain IMR multiplexing can also improve interference measurement accuracy when frequency domain ICIC is used. Simulations were done to show the performance degradation is negligible when there are less IMRs in frequency domain under homogeneous network and heterogeneous network [7].
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Figure 7 Increasing IMR re-use factor by frequency-domain multiplexing
Proposal 3：Considering dense deployment of small cells, evaluation should be done to evaluate the enhancements in the perspectives of eICIC extension, power setting and interference listening, frequency domain ICIC and interference measurement.
4. Conclusions
In this contribution, we discuss the scenarios and evaluation assumptions for evaluation on interference avoidance and coordination.   The proposals are summarized as follows:
Proposal 1：Evaluation on mechanisms for interference management in small cell deployment should focus on the dense deployment of small cells.  Study should focus on the following three scenarios:

· Scenario B1 – cluster based outdoor small cells with macro coverage in the same frequency

· Scenario B2 – cluster based outdoor small cells with macro coverage in the different frequency

· Scenario D – Extended indoor hotspot with dense indoor small cells
Number of outdoor small cells ={20,40,64} and number of outdoor small cell clusters=4.  Number of indoor small cells=18.  
Proposal 2：Evaluation for interference management schemes should be done considering three types of backhaul with {latencies, throughput} = {2ms, 10Gps}, {10ms, 100Mbps}, {50ms, 10Mbps}
Proposal 3：Considering dense deployment of small cells, evaluation should be done to evaluate the enhancements in the perspectives of eICIC extension, power setting and interference listening, frequency domain ICIC and interference measurement.
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