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1. Introduction

In this contribution, we propose a CoMP operation framework to facilitate the development and simulation of CoMP techniques such as joint transmission and coordinated scheduling/beamforming. 
2. CoMP System Operation Framework
In our view, CoMP operation consists of two main components:
· UE feedback: Including all the necessary information as needed by eNBs to make scheduling decisions such as CoMP schemes (eNB pairing/grouping), UE pairing/grouping, and link adaptation parameters of each individual link involved (precoding weights, rank, MCS, etc.). The exact feedback content and transmission vehicle/mechanism depend on what information is needed for which CoMP operation and when. In TDD, the necessary information may be obtained using a combination of UE sounding and feedback. 
· UE demodulation: Including all the information that a UE needs to decode PDSCH such as pilot pattern (i.e., user-specific RS or DRS), resource allocation information, and knowledge of the transmission mode/scheme (e.g., rank and MCS).
We propose to agree on the following assumptions at this stage:

· The control entity that governs UE feedback and UE demodulation is the anchor cell. In other words, the receiving entity of UE feedback transmission, i.e., intended target receiver of UE transmission, should be the anchor cell only. Other cells may receive or help to receive the transmitted information, but such implementation need not be known to the UE. 
· UE measures not only the anchor cell but also other cells and the measurement reporting is per anchor cell’s feedback configuration. Such feedback reporting is sent to the anchor cell which then can share with other cells via X2. 
· UE demodulation should only need information for demodulation and decoding purpose based on the anchor cell  instruction and UE should not normally be required to be notified of all the transmission entities. UE should only be notified the parameters for demodulation including the data REs, rank, and MCS. Other information related to the coordination behavior of eNBs is not required for UE demodulation, such as how many cells are actually transmitting and what they are, or whether their PDCCH region is aligned, or how the collision between other-cell CRS and UE’s data RE is resolved, etc. However, if there is any impact to UE demodulation/decoding, the appropriate information should be notified to the UE.
·  Many aspects of CoMP operation depend on eNB processing and scheduler algorithms (e.g., dynamic or semi-static cell grouping that is specific to each UE), which may not need to be specified. However, examples of such operation based on different feedback assumptions will be needed to align the performance evaluation results.  
For the last point above, a general framework for CoMP operation is proposed here, and the framework consists of the following:

· “Candidate cell set”: This cell set represents some knowledge at the anchor eNB in terms of which neighboring eNBs that the anchor eNB can potentially coordinate to improve performance for a particular UE. Anchor eNB can request UE assistance to form the candidate cell set. Such UE assistance may be defined in the spec by the appropriate measurements without any reference to the set. For simulation purpose, we may assume the anchor cell has a known candidate cell set for each UE. As an example illustrated in Figure 1, eNB1-6 comprise the candidate cell set for UE1. 
· “Enhanced feedback cell set”: Anchor cell may further configure a UE to measure and report enhanced feedback channel information from a set of cells. Such feedback is expected to be related to some form of spatial information. The exact feedback information is still under study in RAN1 and typically depends on the CoMP schemes.  Anchor cell decides and instructs a UE the set of cells to which “enhanced feedback” is to be performed, along with feedback content, and the feedback transmission vehicle (i.e., channel), and UE reporting periodicity. For example in Figure 1, UE1 measures eNB1-3,6 and feeds back requested information to its anchor eNB1. In the figure, we denote the feedback information as 
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for UE-i measurement to eNB-j. UE1 for example, reports 
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 to its anchor cell which then shares the information with other eNBs. An example of the enhanced feedback information is the spatial channel matrix observed by a UE to an eNB based on its CSI RS. Another example is the transmit antenna correlation as seen at a UE [1]. 
· “Coordinated transmission cell set”: This is the set of cells that actually perform coordinated transmission (either joint transmission or coordinated scheduling/beamforming). Note that this cell set needs not be defined in the specification given the DRS-based demodulation principle. In the example of Figure 1, eNB1-3 transmit in an coordinated fashion to UE1-3. Such cell grouping and UE grouping decision is made in a centralized or distributed way that is transparent to UEs. Regardless of centralized or distributed decision making, the final decision is assumed the same based on the knowledge of all reported 
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 which is shared among cells via X2 interface (more details on scheduler decision making below). 
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Figure 1. CoMP operation: “candidate set”, “enhanced feedback set”, and “coordinated transmission set”

The decision of cell grouping and UE grouping may typically be made together with the precoding weights and rank/MCS decision for each link. In coordinated beamforming, the precoding weights from eNB-j for its own UE under a hypothetical UE grouping “Uj” are derived using a distributed approach, represented as a function below:
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In other words, the eNB-j does not use channel information between any UE and other eNBs in the coordinated transmission cell set. An example of the above function is based on the algorithm of minimization of “leakage” interference to other UEs in the group, i.e., maximizing signal-to-leakage ratio [2]. 
For joint transmission CoMP, and more generally with multiuser transmission, the precoding from eNB-j (among the eNB grouping “B”) for each UE in a hypothetical UE grouping “U” is determined as:
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where the precoding weights for all eNBs in the grouping “B” are determined jointly, assuming known channel information between each UE-eNB pair.  An example of the above function is based on Zero-Forcing (ZF) multi-user beamforming algorithm.
While determining the precoding weights under various cell grouping and UE grouping hypothesis, eNBs may determine other transmission parameters such as rank and MCS for each link. The final scheduling decision, including cell and UE grouping, may be based on an optimization target related to a combination of fairness, sum link spectral efficiency, etc. 
Algorithms for cell and UE grouping merit particular study here for simulation. Note that simulation in the context of Rel8 LTE is more limited to a per cell basis. Fairness and other optimization criterion are defined within the context of a single-cell, which can be reproduced among the cells in the layout. However, a simulation framework for evaluating performance gains with CoMP is expected to be more involved due to cell and UE grouping. Sum throughout as predicted by a hypothetical grouping configuration will certainly be a decision factor, but obviously the scheduler decision in one cell or a group of cells intertwines with all other decisions, which an optimal decision will then depends on the  Sufficient definitions of the components of the framework. 
Many previous contributions have indicated that certain users (primarily cell-edge UEs) benefit more from CoMP, and a combination of “single-point” schemes with single-user and multi-user MIMO may improve performance to the higher geometry users. We may view single-point SU/MU modes are a special case of CoMP when anchor schedulers collectively decide that no special attention/coordination (e.g., coordination on UE grouping and precoding) is needed.
3. Conclusion

In this contribution, we proposed a CoMP operation framework to facilitate the simulation of CoMP techniques such as joint transmission and coordinated scheduling/beamforming. The most important assumption for simulating CoMP is the type of “enhanced feedback” and the set of cells to which such information is assumed available. Once the feedback is defined, the determination of precoding weights and other transmission parameter can be based on the feedback information and CoMP scheme (joint transmission or coordinated scheduling/beamforming). Decisions on cell and UE grouping can be based on hypothesis testing of possibilities, but efficient scheduling algorithms for simulation purpose needs particular attention. 
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