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1
Introduction

Of the four main objectives stated in the small cell enhancements – physical layer SID [1], one deals with the efficient operation of a small cell layer:
· 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.

At RAN1 #72, several contributions [2-5] proposed different methods to provide efficient operation of a small cell layer.  In this contribution we discuss the use of different interference coordination strategies and issues faced in implementing these. We also propose the study of related air interface enhancements that may potentially improve performance. 
2
Background
At RAN1 #72 and in a following e-mail discussion, simulation assumptions were finalized for the study of small cell enhancements.  Three main scenarios are to be studied:
· Scenario 1: Co-channel macro and small cell layer

· Scenario 2:

· 2a: Non co-channel small cell layer with outdoor small cells.

· 2b: Non-co-channel small cell layer with either sparse or dense indoor small cells.

· Scenario 3: Indoor small cell layer without macro coverage.

Furthermore, for outdoor small cell deployments, it has been agreed that clusters of small cells should be assumed.  Each macro cell area may have 1, 2 or 4 clusters of 4 or 10 small cells.  The radius of such clusters is 50 m with a minimum distance between small cells of 20 m.
Having clusters of small cells can be a double edged sword.  On the one hand each cell will likely have few UEs to serve and thus cell splitting gain may be large; on the other hand, having tightly packed small cells may lead to coverage overlap and thus interference from nearby cells may affect SINR to each UE.

One possible interference coordination strategy is to deploy multiple carriers on the small cell layer. However, in case the spectrum available to the operator is limited (20 MHz or less) the need for guard bands between carriers introduces some inefficiency. Another drawback is the resulting requirement for UE’s to perform inter-frequency measurements (or measurements on de-activated Scells) that increase battery consumption. Therefore, interference coordination solutions within a single carrier would be beneficial.
Proposal 1: Interference coordination enhancements applicable to single-carrier small cell deployments should be investigated.

3
Coordination strategies
To deal with the problem of high interference due to the dense deployment of small cells, two main families of solutions for single-carrier small cell layer, have been proposed: 1) Resource partitioning, and 2) Load shifting.
Resource Partitioning
Interference to neighbor cell UEs may be reduced by using resource partitioning, at the cost of a reduction in cell splitting gain.  Under such strategy, each small cell may use a subset of allowed resources.  This may manifest itself in a reduction in time resources (by using a subset of subframes), a reduction in frequency resources (by using a subset of PRBs, or similarly by using a subset of carriers in the multi-carrier case) or a reduction in spatial resources (by using a subset of beams). When compared to deployment scenarios targeted by ICIC/eICIC features, a dense deployment of small cells (non co-channel with macro cell) can be differentiated by the following characteristics:

· Instead of being a single dominant interferer as in co-channel hetnet deployments (R10) there is a number of strongly coupled small cells potentially interfering.
· The level of interference from any one neighboring small cell may fluctuate considerably in time. This results from the larger traffic fluctuation in a small cell compared to a macro cell.
· The total level of interference may also fluctuate over a large range as the thermal noise level is usually much lower than the interference level from a neighboring cell. In a time-frequency resource free of interference from any neighbor cell the SINR can be very high.

To achieve reduction in interference, each small cell may use a subset of resources for transmission; for time and frequency solutions, such subsets may be patterns of subframes and/or PRBs.  The purpose of limiting transmission in some subframes or some PRBs is to reduce interference to UEs in neighboring small cells. Each cell may be assigned subsets of resources such that orthogonality with strongly coupled neighboring cells is mostly achieved. The strategy provides benefits if the throughput loss from restricting transmission resources in each cell is more than compensated by the increase of throughput yielded by the increase of SINR. However, the amount of reduction of transmission should be appropriate and be linked to a cell’s current needs.  For instance, each small cell may determine a ratio of transmission resources to non-transmission resources based on the number of UEs connected to it.  Figure 1 shows examples of different patterns chosen by neighboring cells.
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Figure 1. Resource Partitioning, a) Subframe subsets, b) PRB subsets.
In general, UE functionality supports resource partitioning in time or frequency domain in at least two ways:
1. By providing information to the network on how to best perform coordination (e.g. measurements)

2. By providing useful CSI given a certain resource partition

Existing UE functionality achieves at least partly these two objectives, but some enhancements can be studied as described in the following.

For the first objective several tools are already available. R8 ICIC (i.e. RNTP) allows cells to indicate to neighbors what subbands will be used for downlink transmission. In addition, the network can already provide a measurement configuration to each UE such that the RSRP of neighbor cells is reported. This information can in principle be used by the network to proactively avoid use of the same resource by a neighboring cell when a UE is strongly coupled to it, with the penalty of requiring regular reports. The network could also regularly request subband CQI reports (or configure frequent periodic reports) from the UE to reactively modify coordination. Enhancements to reduce the required amount of reporting, such as allowing a UE to trigger a measurement report when subjected to a high-level of interference in a particular resource, could be considered.
For the second objective, CSI as defined from R8 can already provide subband-specific information (e.g. subband CQI) to allow the network to obtain more accurate channel information when a frequency-domain resource partitioning is used. However, one limitation is that the rank information is not available on a subband basis. This could potentially result in the UE reporting a lower rank than achievable in the intended frequency resources considering the potentially large SINR differences that can be observed in small cell deployments. Furthermore, using subband reporting may unecessarily increase the overhead given that a scheduler may only ever need feedback for a whole band of a group of subbands. Enhancements allowing reporting of rank and other CSI reports over the appropriate frequency resources could thus be considered.
Time-domain coordination is also supported by the use of subframe subsets since R10. This allows reporting separate CSI information for up to two subframe subsets. For co-channel hetnet scenarios this mechanism is sufficient as the presence of a single dominant interferer (macro cell) creates two classes of subframes. Another tool available from R11 is the configuration of up to 3 CSI-IM resources and the possibility of reporting correspondingly more than one CSI (for each subframe subset). In the small cell environment multiple neighbor cells may potentially each use different time resource partitioning patterns unless some restrictions are introduced. A UE may thus experience very different interference levels in many sets of subframes.  Therefore one shortcoming of current mechanisms is the fact that currently a UE may only be configured with up to two subframe subsets and up to 3 CSI-IMs. One could study whether allowing possibility of configuring additional subsets and/or CSI-IM’s could be beneficial taking into account the increased overhead.
One potential issue with time- or frequency-domain coordination in small cell deployments is the need to change resource allocation frequently between cells in response to load patterns that are varying more dynamically than in macro deployments. Frequent changes to resource allocation may increase the signaling burden over the air interface when they require changes to UE configuration. In addition, the latency involved with RRC reconfigurations may in practice restrict the possibility for the network to dynamically adapt to load variations. For this reason one could consider enhancements aiming at allowing the UE to respond more quickly to needed changes to CSI measurement and reporting.
Proposal 2: Evaluate the benefits of following enhancements in support of interference coordination in a small cell layer:

· L3 reporting of interference level observed in different resources

· CSI reporting for a restricted set of subbands

· Increased number of subframe subsets and/or CSI-IM’s

· Dynamic change of CSI configuration

Load Shifting
Due to high coverage overlap of small cells in some clusters, UEs may have similar received signal power from multiple small cells.  Traditionally, the purpose of load balancing was to evenly distribute UE load to different cells thus allowing greater frequency reuse.  However with clustered small cells, it may be beneficial to shift UEs from a first cell to a second cell, in order to reduce the downlink transmissions from the first cell that may be highly interfering the downlink transmissions of the second cell.  Similarly, using flexible cell ranges may limit interference from one small cell to another by effectively shifting UEs from one cell to another.

Load shifting can be used in combination with dynamic on/off switching of cells.  In such a scenario, under specific UE distributions, a cell may be turned off to remove all interference to neighboring cells.

Figure 2 shows a UE distribution where without load shifting UE 1 would be served by small cell A, UE 2 and UE 3 would be served by small cell B and UE 4 would be served by the Macro cell.  In this example, it is possible that transmissions from cell B would greatly interfere with transmissions from cell A to UE 1.  It may therefore make sense to use load shifting to instead serve UE 1 and UE 2 by cell A and UE 3 by cell C.
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Figure 2. Interference reduction by load shifting.
To allow for load shifting, a network may simply reuse L3 measurement reports to determine appropriate cell association.  However, to ensure efficient operation, and the possibility of regular load shifting, the network should be made aware of a change in a UEs second or third best cell, for instance.  Secondly, it may be possible that a cell turns off (i.e. enter a dormant state) when it does not serve any UEs and does not transmit normal synchronization signals (e.g. PSS/SSS).  In such a situation, enhanced small cell detection may be required to ensure the right small cells are dormant at any given moment.

Proposal 3: Evaluate the benefits of following enhancements in support of load shifting in a small cell layer:
· Triggering of measurement report upon change of nth best cell
· Detection of dormant small cells not transmitting PSS/SSS
4
Conclusions and Recommendations

In this contribution we discuss the use of different interference coordination strategies and issues faced in implementing these. We also propose studying the benefits of related air interface enhancements that may potentially improve performance.

The following proposals are made:

Proposal 1: Interference coordination enhancements applicable to single-carrier small cell deployments should be investigated.

Proposal 2: Evaluate the benefits of following enhancements in support of interference coordination in a small cell layer:

· L3 reporting of interference level observed in different resources

· CSI reporting for a restricted set of subbands

· Increased number of subframe subsets and/or CSI-IM’s

· Dynamic change of CSI configuration

Proposal 3: Evaluate the benefits of following enhancements in support of load shifting in a small cell layer:
· Triggering of measurement report upon change of nth best cell

· Detection of dormant small cells not transmitting PSS/SSS
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