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1. Introduction

Coordinated multi-point (CoMP) transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput. Various CoMP schemes were introduced and two categories of CoMP schemes were identified: Joint Processing (JP) and Coordinated Scheduling/Beam Forming (CS) [1]. Also, a set of definitions for various CoMP sets were provided to align the terminologies used during the discussions [2].
In this contribution, we look into the Feedback information required for CoMP set selection/re-selection and operation and show an example of a Mixed CoMP operation.
______________________________________________________________________
2. Feedback for DL CoMP cooperating set selection
Definition of CoMP reporting set was made at the last meeting [1]. But, since there are two categories of Feedback available at the UE, some clarification is needed.

In order to select the cells in the DL CoMP cooperation set, one of the information required is the received SINR measurement by the UE. This feedback (FB) information is provided to the eNB by means of long-term RRM measurement FB (such as RSRP, RSRQ, RSSI) and by short-term CSI FB (explicit or implicit).
At the initial stage of cooperating set selection, the RRM measurement can be used for this purpose: Each UE is provided with a list of neighbouring cells for which the RS signal strength is measured (CMCS). Among the cells in CMCS, RS signal strength of the entire set of cell in CMCS or a certain portion of cells in CMCS (CRCS or reporting set) is reported to eNB. Based on this RRM measurement FB and other information, the cells suitable for CoMP operation (CCPS or CoMP cooperation set) is selected. Note that the reporting set is equal to or smaller than the measurement set and equal to or greater than the CoMP cooperation set (CCPS ( CRCS ( CMCS)
After the initial stage is complete and the CoMP cooperation set is determined, FB information such as CSI, buffer status, etc is required for actual CoMP operation. Note that in this case the CoMP reporting set is equal to or smaller than the CoMP cooperating set (CRCS ( CCPS). 

During the operation of CoMP, RRM measurement is still required for the purpose of re-selection of CoMP cooperating set and/or CoMP schemes. RRM measurement FB may be periodic and/or event triggered as in Rel-8.
3. Mixed CoMP operation
Currently, most discussions on CoMP assume a single CoMP scheme applied throughout the system. But, assuming multiple CoMP scheme are available for selection, there may be scenarios where UE FB is required for change of CoMP schemes and also change of CoMP cooperating sets.

CoMP schemes considered so far can be categorized as Joint Transmission (JT), Dynamic Cell Selection (DCS), Coordinated Scheduling (CS), and Coordinated Beamforming (CB). By definition, JP (JT, DCS) is the case where data is available at each point in CoMP cooperating set. On the other hand, CS/CB is the case where data is only available at the serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set [1].
Assuming multiple CoMP schemes are available for selection, the most appropriate CoMP scheme for each individual UE should be selected based on information available at the transmission points (e.g.   CSI, RRM measurements, cell loading, backhaul delay, etc) that satisfies the required QoS of the UE. Thus, this results in a Mixed CoMP operation. 
An example of such a Mixed CoMP operation is depicted in figure 1. Figure 1 (a) shows a CoMP scheme re-selection example for UE1 as the received signal strength from the serving eNB weakens. Step 1: eNB_A and eNB_B are the CoMP cooperating set of UE1, where eNB_A is the transmission point that actually transmits data to UE1 (serving cell) and eNB_B is the transmission point that cooperates with eNB_A to reduce interference to UE1 by means of CB (dotted line). If UE1 is unable to meet its QoS requirements (e.g. minimum data rate requirement), such an event will trigger the re-selection of the CoMP cooperating set or CoMP scheme. In this example, to further reduce the interference from eNB_B, silencing (CS) scheme is selected for eNB_B. Step 2: If the QoS requirement for UE1 is still not satisfied by silencing eNB_B, the use of JP (DCS, JT) schemes can be considered between eNB_A and eNB_B assuming that data can be put available at both transmission points. 

Figure 1 (b) shows a Mixed CoMP operation where UE1 and UE2 are served by the {eNB_A,  eNB_B} pair and {eNB_C, eNB_D} pair by means of JP, respectively. While at the same time, UE1 and UE2 are served by {eNB_C, eNB_D} and {eNB_A,  eNB_B} by means of CS/CB, respectively. Note that the CoMP cooperating set for UE1 is now {eNB_A,  eNB_B, eNB_C, eNB_D}, where the {eNB_A,  eNB_B} pair is using JP and {eNB_C, eNB_D} is using CS/CB. Also, note that for re-selection of CoMP schemes, information such as a filtered version of CSI information is required while for re-selection of CoMP cooperating points set, RRM measurement FB is also required. The period of such FB and the exact triggering event handling is FFS.
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(a) CoMP cooperating set re-selection
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(b) Mixed CoMP operation

Figure 1. Mixed CoMP operation example
______________________________________________________________________
4. Summary
In this contribution, we discussed:

· UE Feedback
· RRM measurements (such as RSRP, RSRQ, RSSI) - Long-term FB (CoMP set selection)
· CSI - Short-term FB (CoMP operation)
· Mixed CoMP operation example
______________________________________________________________________
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