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1. Introduction
This is a revised version of R1-093522 in RAN1#58. In recent RAN1 meeting, different forms of hypotheses for implicit feedback in support of DL CoMP are listed [1]. The feedback is based on either one or a combination (two or more) of  the following hypotheses:

      Single vs. Multi user MIMO

      Single cell vs. Coordinated transmission 

      Within coordinated transmission: Single point (CB/CS) vs. multi-point (JP) transmission

Within Joint processing CoMP:

-   Subsets of transmission points or subsets of reported cells (Joint Transmission)

-   CoMP transmission point(s) (Dynamic Cell Selection)

      Transmit precoder  (i.e. tx weights) 

     JP: multiple single-cell or multi-cell PMI capturing coherent or non-coherent channel across reported cells

     CB/CS: Single-cell or multiple single-cell PMIs capturing channel from the reported cell(s) to the UE

-   Transmit precoder based on or derived from the PMI weight

     Other types of feedbacks, e.g. main Multi-cell eigen-component, instead of PMI are being considered

      Receive processing (i.e. rx weights) 

      Interference based on particular tx/rx processing

Most of the challenges for implicit feedback arise from the uncertainty of the transmission scheme and transmission points at the stage of UE reporting. From this point of view, the bullet of single cell or coordinated transmission needs more attention than others. In this contribution, we will analyze this hypothesis in terms of  the commonality for different transmission schemes.

2. Feedback Hypotheses Analysis
It is desirable that different CoMP transmission schemes, such as Single User Joint Transmission (SU-JT), Dynamic Cell Selection (DCS), and Coordinated Scheduling/Beamforming (CBF), can switch dynamically between successive subframes. Owing to the UE-specific demodulation RS, the transmission schemes are almost the same from the demodulation perspective. So the biggest obstacle of dynamic switch may exist due to various channel state information requirements. In other words, common feedback mode is essential to dynamic switch of different transmission schemes. 

Figure 1 illustrates the considered CoMP transmission schemes: JT, CBF, and DCS. Without losing generality, we assume that the measurement set consists of three cells, i.e., Cell 1, Cell 2, and Cell 3. The hypotheses for CQI feedback and PMI feedback will be analyzed respectively.
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Figure 1: Illustration of Single User Joint Transmission (left), Dynamic Cell Selection (middle), and Coordinated Scheduling/Beamforming (right)
2.1. CQI Feedback
In order to support dynamic switch between transmission schemes, UE may report a number of CQIs corresponding to different assumptions of transmission schemes. 
Single User Joint Transmission
Under the assumption of joint transmission, if transmission points are equal to the measurement set, a single integrated CQI is then sufficient for eNB to make scheduling decisions. Although UE is aware of its measurement set, the actual transmission points may be a combination of the three cells. With different assumptions of transmission points, the useful signal and interference are different. For example, if UE assumes Cell 1 and Cell 2 are its transmission points while Cell 3 serves as interference, then the CQI should be calculated as
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where 
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 is the received power of Cell n; 
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 is the interference comes from outside of the measurement set. The subscript indicates that Cell 1 and Cell 2 are the transmission points. In this example, the number of possible combinations is 23 – 1 = 7. The most conservative method is to enumerate and report CQIs with all 7 assumptions. 

In fact, UE reports CQIs of any of the three assumptions, and eNB is able to figure out CQIs of other assumptions. Assuming the three reported CQIs are
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where 
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denotes the SINR of Cell k while the other two cells keep silent, with
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 by solving linear equations. After that, CQI of any combination of the three cells can be calculated. For example, taking Cell 1 and Cell 2 as the transmission points, eNB derives CQI as
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In the above example, the reported CQIs are CQI of each cell with the assumption of single cell transmission. Alternatively, UE can feed back CQIs of any of the three combinations, such as
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. eNB is still able to figure out all wanted CQIs. Of course, UE reporting 
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directly is also feasible.

Dynamic Cell Selection
Under the assumption of dynamic cell selection, the number of transmission points is always one. When one cell is transmitting signal to a UE, the other cells in the cooperating set (= measurement set in our example) keep silent. Therefore, the interference only comes from the outside of the cooperating set. UE calculates CQI by assuming different transmission points in the measurement set, that is
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UE may assume the cell with largest CQI as its transmission point, and report single CQI for that cell together with a cell indictor. Alternatively, UE can feed back multiple CQIs (may be one for each cell) to eNB, and eNB decides the transmission point according to the reported CQIs. If the number of reported CQIs is less than the cardinality of measurement set, cell indicators should also be reported (equivalently, hypotheses are reported). 

Coordinated Scheduling/Beamforming
Like dynamic cell selection, the number of transmission points is always one. However other cells in cooperating set is not silent. Instead, they are trying to avoid generating interference to the target UE. At the stage of reporting, UE does not know the result of coordinating. That is, UE still has to make different assumptions. Specifically, CQI can be calculated by assuming different interference levels in the cooperating set (measurement set). Taking the fact that each cell in the cooperating set may coordinate successfully or not into account, there are still a number of assumptions. In the considered example, the number is 23-1 = 4. When all of the cooperating cells fail in coordination, then
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When Cell 2 coordinates successfully, 
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where 
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 is the interference decrement due to successful coordination. The other two possibilities are
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and
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Note that, the above analysis classifies coordination states into success and failure. In practice, coordination may have lots of medium states, e.g., cooperating cell forms different beams will generate different interference levels to the target UE. Thus, possible assumptions are numerous. Instead of reporting CQIs corresponding to all possible assumptions, a simple solution is that the UE only report 
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 to eNB. And the eNB can then figure out the transmission CQI according to the state of coordination.

2.2. PMI feedback
Joint Transmission
For joint transmission, reporting an integrated PMI over all the transmission points seems effective if transmission points are equal to measurement set. However, the uncertainty of the transmission points implies that UE has to feed back multiple PMIs corresponding to different assumptions of the transmission points. We still use the example in CQI feedback, the number of possible combinations is 23-1 = 7, i.e., 7 different PMIs should be fed back to provide the best performance. Moreover, with different assumptions, the dimension of codebook is different, that is to say, new codebook needs to be designed.

As a suboptimal approach, UE may feed back PMI for a subset of the possible combinations (hypotheses). For example, UE reports m PMIs corresponds to the hypotheses that offer best-m CQIs. It is obviously a tradeoff between feedback overhead and performance. Alternatively, UE may feed back PMI for each cell individually, i.e., corresponds to the hypotheses with single transmission point. The inter-cell correlation information may be reported together to enable coherent transmission. In the considered example, there are one PMI for each cell as well as one PMI for inter-cell correlation information. So totally four PMIs are reported. In contrast, the optimal approach requires 7 PMIs reports. Besides, individual PMI reporting gives eNB full scheduling flexibility.
Dynamic Cell Selection
For dynamic cell selection, since only one cell transmits data to UE at one time, individual PMI feedback is appropriate. UE may feed back the PMI of assumed transmission point together with CQI. UE can also feed back multiple individual PMIs and eNB decides the transmission points for UE.

Coordinated Scheduling/Beamforming
For coordinated scheduling/beamforming, PMI of serving cell is selected to maximize the signal strength and PMI of other cell shall be selected to minimize the interference to the targeted UE (referred to as “best companion” PMI in [3]). For commonality with JT and DCS, UE may report PMI for other measurement cell which generates most interference to the UE. When performing schedule, eNB should try to avoid using this reported PMI. 
From the discussion above, we can find out that channel state information requirements of the three considered transmission schemes are similar, i.e., per-cell CQI and per-cell PMI + inter-cell correlation information is common for all three considered transmission schemes. Therefore we propose to take them as the baseline of implicit feedback for transmission scheme SU-JT, DCS, and CBF.
3. Conclusion
This contribution considered implicit feedback mechanism in CoMP. The analysis was concentrating on feedback hypotheses of coordinated transmission. According to the analysis, regarding to implicit feedback for transmission scheme SU-JT, DCS, and CBF, we have the following proposals:
       PMI is fed back based on per-cell

· Additional PMI may be fed back for inter-cell correlation information
· CQI is fed back based on per-cell
· Definition of per-cell CQI is FFS
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