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Introduction

In this document we propose two approaches for CoMP operation based on centralized and distributed scheduling decisions and also a make recommendation on how to approach the control mechanism. The proposed schemes target two CoMP operation scenarios: (1) limited long-term coordination with low capacity/high latency backhaul link and (2) extended short-term coordination with high capacity/low latency backhaul link.
1. CoMP schemes with distributed scheduling
CoMP with distributed scheduling usually needs small amount of coordination information exchange across cooperating points, and therefore may be considered as a baseline approach for networks with low capacity and high latency communication between cooperating points (e.g. Inter-eNB CoMP). In the CoMP schemes with distributed scheduling each coordinated point makes independent scheduling decisions with consideration of long-term CoMP beamforming assignments on semi-static time-frequency resource partitions. 
As an example, the concept of CoMP with distributed scheduling is illustrated for CB/CS CoMP category in heterogeneous network. Heterogeneous cell layout is shown in Figure 1 where the low power pico-cells – eNB1, eNB2 and eNB3 are placed within the coverage area of macro-cell eNB0.
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Figure 1: Heterogeneous network layout (left); data resource partitions and CQI calculation (right)
In accordance to the proposed approach the macro-cell eNB0 logically subdivides all available time-frequency resources into semi-static resource partitions. The example of such time-frequency logical resources partition is shown in Figure 1, where four time-frequency resource partitions are shown. The first three partitions (Partition 1, 2 and 3) correspond to the set of resources allocated for the beamforming and scheduling coordination of macro-cell eNB0 with pico-cells eBN1, eBN2 and eBN3 respectively. The fourth time-frequency partition (Partition 4) is used for macro-cell transmission without coordination with pico-cells transmissions. Let’s consider long-term beamforming coordination between the macro-cell eNB0 and pico-cell eNB1. To enable such beamforming coordination on the allocated resources (Partition 1) the UEs served by pico-cell eNB1 provide the spatial feedback information about the interference from macro-cell eNB0. The spatial information consists of set of quantized principal eigen-vector(s) 
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 (reported in the form of PMI of the codebook) and the path gains (reported in the form of RSRP). The pico-cell eNB1 collects the spatial feedback information from all of the connected UEs over some time slot and only reports this information to the macro-cell eNB0 in some statistical form using backhaul link. The macro-cell eNB0 during scheduling of UEs in Partition 1 uses the spatial information obtained from the pico-cell eNB1 for beamforming calculation to ensure proper interference mitigation to pico-cell eNB1. Due to small size of pico-cells and their location near to cell-edge it is expected that the interfering eNB0 signals are highly spatially correlated among all UEs served by one pico-cell. This property allows effectively suppress interference for major part of UEs inside of one pico-cell by using zero-forcing procedure or other known algorithms for interference cancellation [1].

The interference level of pico-cell UEs for each time-frequency partitions can be significantly different due to different beamforming strategies applied at the macro-cell eNB0. In particular for the time-frequency Partition 1 the interference level of the pico-cell UEs is substantially lower (due to interference mitigation from macro-cell eNB0) than interference on other partitions (Partitions 2-4). To account for such difference for the CQI calculation the interference should be separately measured and reported by UE1 on the partitions with coordination (Partition 1) and without coordination (Partition 2-4) (see Figure 1). 

2. CoMP schemes with centralized scheduling 

CoMP with centralized scheduling usually needs higher level of coordination information exchange, and therefore may be considered as a baseline approach for networks with high capacity and low latency communication across cooperating points (e.g. Intra-eNB CoMP). In this case a centralized scheduling unit makes joint scheduling and beamforming decisions across all cooperating points. As an example, the concept of CoMP with centralized scheduling is illustrated for Intra-eNB CB/CS CoMP category in homogenous network. The homogenous cell layout is shown in Figure 2, where the three co-located cells are controlled by centralized scheduling unit located at the eNB site.
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Figure 2: Homogenous network layout (left); CSI feedback (right)

Let’s consider CoMP operation with beamforming coordination from Cell2 to Cell1. To enable beamforming coordination, the UE1 (served by Cell1) should provide the spatial feedback information about the interference from Cell2. The spatial information consists of quantized principal eigen-vector(s) 
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 (reported in the form of PMI of the codebook) and the path gain (reported in the form of RSRP). For joint scheduling of UEs across three cells a centralized scheduling unit (located at eNB) uses spatial information obtained from UE1 for beamforming calculation for Cell2. For example, the eNB when scheduling UE2 may suppress interference from Cell2 to the spatial direction corresponding to the reported PMI 
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 by using zero-forcing procedure or other known algorithms for interference cancellation [1].

The interference level for scheduling decisions with and without coordination can be significantly different due to different beamforming strategies applied at the coordinated cells. To account for such difference UE1 should report the additional CQI corresponding to the CoMP scenario with coordination.  To calculate CoMP CQI the UE1 measures the interfering channel to Cell2 using CSI-RS and assumes a certain beamforming strategy. For example, for CQI calculation UE1 may assume a perfect interference suppression from the Сell2 or beamforming which is orthogonal to the principal eigen-vector reported by the UE1. The CoMP CQI along with PMI to interfering cell are then time division multiplexed with the conventional single-cell PMI/CQI reports as shown in Figure 2. 
3. Control Mechanism for CoMP Operation 

The control mechanism for CoMP across multiple points or cells in all cases should support efficient enabling and disabling CoMP related processing at the eNB and at the UE only when beneficial and based on capabilities and real time measurement. Such multi-point/cell operational requirements have some similarities to carrier aggregation requirements and ICIC in release 10. Therefore we propose 3GPP to explore opportunities to study and reuse as appropriate some of multi-cell/point configuration, activation and control channel design principles used for carrier aggregation and ICIC and apply them to CoMP feature in Release 11. Such reuse opportunities if feasible would make the specification more elegant and coherent, and potentially simplify the implementation and testing of features. 
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