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1. Introduction
Feedback signaling is a key aspect of downlink CoMP and should be studied carefully. In RAN1 #56bis meeting, three main categories of CoMP feedback were identified to be [1]:
· Explicit channel state/statistical information feedback

· Channel as observed by the receiver, without assuming any transmission or receiver processing

· Channel as observed by the receiver, including receiver processing or part thereof

· Implicit channel state/statistical information feedback

· Recommended transmission properties (e.g. CQI/PMI/RI) 

· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity.
Network collects feedback signaling from UEs to enable frequency domain scheduling, MCS selection, closed-loop precoding, and to “facilitate the decision on the set of participating transmission points” [1]. In this contribution, we will analyze the listed three feedback categories. The analysis focuses on the feedback content, feedback overhead, flexibility and the assumption on coordination. The document is a revised version of our contribution R1-091519[1].
2. Explicit Feedback
In the category of explicit feedback, UE estimates the DL channel between eNodeB and UE and generates some statistics about the channel. The statistics may be in the form of direct channel, first order (mean value) or the second order (covariance) statistics. Channel statistics can be used to derive precoding matrices for closed-loop operation at the transmitter side. However, the statistics are not enough for eNodeB to decide the MCS and implement the frequency domain scheduling because interference level experienced by eNodeB and UE are usually different. Therefore, UE may need to report information about the interference level it suffers.
The statistics can be reported either on per-cell basis or multi-cell basis. In the latter case, all the links within reporting set are treated together to generate the statistics. Wether it is reported on per-cell basis or multi-cell basis has little effect on the direct channel or mean value report. However, if the second order statistics are reported on per-cell basis, the covariance matrices may lose information about the correlation among different cell links. Without this information, coordinated beamforming, dynamic cell selection and non-coherent joint transmission are not impacted. Coherent joint transmission, on the other hand, is unable to be realized due to the lack of correlation information among cell links.  Thus, correlation information among cell links is needed at eNodeB to facilitate coherent joint transmission. 
The overhead of direct channel state information feedback is large, as it should be reported for every subband and every Tx-Rx link. Time and frequency correlation can be exploited to reduce the feedback overhead. Even advanced compressing techniques are employed, the feedback overhead is still quite large compared with other feedback categories. Whether the large overhead is justified the by performance gain is FFS.  
The covariance matrix varies slowly in both frequency and time domain if correlated antennas are employed. Thus, a covariance matrix over the whole frequency band is sufficient and the feedback overhead is moderate. However, if uncorrelated antenna is the employed setup, covariance matrix for each subband is needed. Additionally, the distance between cell sites is typically on the order of several hundreds meters, and hence the antennas of different cell sites are uncorrelated. As a consequence, the correlation information among cell links should be fed back for each subband. The overhead is still high. In summary, the feedback overhead is the biggest problem of explicit feedback and should be considered carefully.
3. Implicit Feedback
Instead of the channel state/statistics information, UE feedback the recommended transmission format in the category of implicit feedback, such as CQI, PMI and RI. In this section, we focus on the feedback of CQI and PMI.
3.1. Feedback of CQI

There are several distinct ways of feeding back the CQI in the reporting set: integrated, individual and mixed feedback.
Integrated feedback

Integrated feedback means that a CQI related to all of the cells in the reporting set is feedback. The integrated CQI is calculated by assuming all the cells are transmitting data simultaneously to the target UE. It can reflect the channel quality of the coordinated transmission if all the cells in reporting set participate in the transmission to UE eventually. That is, integrated CQI is favorable in the case where the reporting set equals cooperating set. 

The feedback overhead is low due to the integration. However, this feedback approach will impose some restriction on scheduling, since eNodeB is unable to select the best points for transmission. An enhancement is to allow UE to select a subset of the reporting set and feedback the integrated CQI of cells in the subset. Extra information has to be signaled to indicate the selected subset. Undoubtedly, overhead increases. The increased overhead should be justified. 
Observation:

· The integrated CQI can reflect the channel quality of the coordinated transmission if reporting set equals cooperating set (transmission points).
Individual feedback

In the approach of individual feedback, CQI of each cell is individually calculated and feedback. Overhead of individual feedback increases linearly with the number of cooperating cells. It allows eNodeB to schedule cells with good channel quality for UE’s data transmission. This also gives eNodeB the flexibility to discard some cells in reporting set when the system overload is high. 
However, it is difficult to calculate the CQI of actual transmission (transmission CQI) from the individual CQI accurately. Take two cells as an example, the CQI of the first cell can be calculated as
:

CQI1 = P1 / (P2 + N0 + I0)                                                        (1)

And the CQI of the second cell is calculated as 
CQI2 = P2 / (P1 + N0 + I0)                                                          (2)

where P1/2 indicates the UE received power of the cell 1/2, N0 is the background noise, I0 denotes the interference from points out of transmission points. For joint processing (non-coherent transmission), the transmission CQI reads 
CQI = (P1 + P2) / (N0 + I0)                                                      (3)

It is hard to obtain the transmission CQI from CQI1 and CQI2 without the knowledge of the sum of noise and interference N0 + I0, especially when P1 and P2 are of similar level and much greater than N0 + I0. 
Besides, the joint processing scheme can provide some more SINR gain on top of the gain in (3), i.e., the transmission CQI may be different from (3) according to the exact cooperation scheme and channel state. This makes it even more difficult to predict the transmission CQI accurately at the eNodeB side. A possible solution is to define CQI as the signal to noise ratio and/or to feedback the background noise plus interference level along with CQI. 
For transmission schemes that different cells transmit different data streams, the CQI does not need to combine at eNodeB side, and hence individual feedback seems appropriate. 
Observation:
· The feedback overhead increases linearly with the number of cooperating cells.
· It is difficult to predict the channel quality of actual transmission accurately.
Mixed feedback

To better balance the scheduling flexibility and performance, mixture of integrated CQI and CQI of single cell can be feedback. For example, integrated CQI and CQI of anchor cell can be feedback. The scheduler is then free to choose between joint transmission and single cell transmission from anchor cell. The tradeoff between the increased overhead and the performance improvements should be studied further. Differential encoding can be employed to reduce the overhead. 
For coordinated scheduling, the CQI of anchor cell when interference are properly controlled can be viewed as a kind of integrated CQI, and the CQI without interference control is the conventional single cell CQI. Mixed feedback helps the scheduler make the right decision when the coordination fails.
3.2. Feedback of PMI

Each of the cell sites in reporting set could get the precoding matrix by UE feedback. In case of UE feedback, the Precoding Matrix Indicator (PMI) instead of the precoding matrix itself is reported. For different transmission techniques, the precoding matrix of each cell could be calculated either on per-cell basis or multi-cell basis. Consequently, feedback of PMI should be treated respectively according to transmission techniques.
Single PMI

A UE report a single PMI to indicate the precoding operation over the antennas of all the transmission points. Note that when calculating the PMI, the UE has made an assumption about the coordination scheme. Again, it would be desirable that the transmission points equal to the reporting set, otherwise, performance degrades. Examples of transmission scheme using single PMI feedback include global precoding and SFN precoding.
For global precoding, antennas of transmission points are treated as they are of the same transmission point. The precoding matrix is selected from the “large” codebook. This is an efficient way in terms of feedback overhead and the performance. In order to adapt to varying transmission points, codebooks of diverse sizes are needed. 
Another transmission scheme is the so-called SFN precoding with same precoder, i.e., all the transmission points use the same precoding matrix. In this scheme, a single precoding matrix is selected to match the sum-channel of the transmission points. The sum-channel refers to the sum of the channels from all the transmission points to the intended UE. A single PMI feedback is sufficient.
Multiple PMIs

A UE can feedback a PMI to indicate the precoding operation over the antennas of each transmission point individually. When calculating the PMI, the UE does not make assumptions about the coordination scheme. Thus, the scheduler is free to select the transmission points and coordination schemes. Since the PMI is selected on per cell basis, relative information among cells is lost, and hence only non-coherent transmission is applicable. In order to support coherent transmission, a phase rotation factor for each transmission point is needed.
For joint transmission, the PMI should be selected to enhance the signal quality at UE. The codebook of single cell transmission can be reused. The feedback overhead increases linearly with the number of transmission point. 
For coordinated scheduling/beamforming, the PMI of anchor cell is selected to enhance the signal quality and PMI of other interference cells can be selected to minimize the interference to the targeted UE (referred to as “best companion” PMI in [3]).
4. Feedback via Channel Reciprocity
In the third caregories, eNodeB can get channel information through SRS transmitted from UE and thus SRS is listed and regarded as a special kind of feedback channel for the discussion integrity.
AoA information can be exploited to calculate the beamforming weight in both TDD and FDD configuration as long as the antenna is correlated. In joint processing, beams of transmission points could be formed toward the intended UE, while beams are formed to avoid interference in coordinated scheduling/beamforming. 
In TDD configuration, eNodeB could acquire instantaneous downlink channel state information via uplink measurement, and then the downlink precoding matrix can be obtained based on the information without additional explicit or implicit feedback.
In order to fully exploit channel reciprocity, UE has to send SRS to multiple cells and all the cells can receive and detect the SRS from the UE to get the full channel state information. A simple and elegant approach is that all the cells allocate the same SRS resources as serving cell to UE. The UE can send SRS transparently to the serving cell and all the cells can get the channel state information simultaneously. 
As in the explicit feedback category, UE may need to feedback additional information, such as interference level, to help eNodeB to choose MCS and implement frequency scheduling.
5. Conclusion

In this contribution, the three feedback categories are analyzed. A summary of the feedback categories is provided in Table I.
Table I Comparison of the three feedback categories
	Aspects
	Explicit
	Implicit
	SRS

	Reporting content
	Channel statistics and interference level
	Recommendation of transmission format
	Send SRS and feedback Interference level

	Feedback overhead
	High
	Moderate
	Low

	Assumption on coordination
	No
	Yes
	No

	Flexibility
	Facilitating the decision on the set of participating transmission points, MCS and frequency band
	If single PMI or/and integrated CQI are reported, the transmission points is better to be equal to the reporting set
	Facilitating the decision on the set of participating transmission points, MCS and frequency band
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� SINR is used as the metric for CQI





