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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. For the downlink CoMP transmission, technologies are mainly characterized into two classes:

· Coordinated scheduling and/or beam-forming

· Joint processing / transmission

In [1], it is suggested that downlink CoMP joint processing is critical to meet the IMT-Advanced requirements. To facilitate the downlink CoMP joint transmission, RAN1 has already decided in [2] to use dedicated reference signals for demodulation of CoMP PDSCH. Therefore, the focus of the discussion within CoMP technologies should be put on the uplink channel feedback in support of downlink CoMP transmission.
In RAN1 #56bis meeting, some consensus has been reached among companies on the classification of uplink channel feedback information [3]. To be specific, three main categories of CoMP feedback mechanisms have been identified: 

· 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. 

The first two categories are mainly targeted for the FDD systems while the third one is targeted for the TDD systems.  
In the email reflector, another proposal is introduced to classify the feedback information into non-coordinated information versus coordinated information. To be specific, the two classes of information is defined to be
· Non-coordinated information: feedback information not assuming any (coordinated) transmission or receiver processing
· Coordinated information: feedback information that assumes certain coordination, scheduling and/or projected decisions
Then the question is which classes of feedback information we need for downlink CoMP transmission. Do we need both classes or we may need just one of them?
To answer this question, we may need to have some understanding on what kind of information is needed for CoMP transmission and what is the relationship between different categories of feedback information. In this contribution, we are trying to analyze the interaction between the two classification methods described above and investigate some particular channel feedback schemes for CQI based on different channel feedback mechanisms.

2 Interaction between Different Feedback Mechanisms
In general, the new classification of non-coordinated information versus coordinated information provides an additional way of looking at the feedback. Basically, the answer to the question of which class of feedback information is needed for CoMP transmission in the new category depends on which class of feedback mechanism in [3] we will use. 
This can be seen more clearly through an example. A typical downlink CoMP system model can be shown in Figure 1.
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Figure 1: System Model for Downlink CoMP Transmission
In the above figure, UE 1 is receiving signals from the three cells: Cell 1, Cell 2, and Cell 3. Assume 
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 is the channel gain from Cell i to UE 1, then the received signal 
[image: image3.wmf]1

Y

 at UE 1 can be expressed as
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where 
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 is the message transmitted, 
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 is the precoding matrix at Cell i, and 
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 is the additive white Gaussian noise (AWGN) at the receiver. 
If explicit channel state/statistical information feedback schemes are used, UE 1 will feedback channel state/statistical information related to 
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 directly to the network. Under this situation, there is really little incentive for UE 1 to feedback coordinated information to the network. Because all those coordinated information to be fed back to the network side are actually derived from the channel state/statistical information 
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. The network can actually derive all kinds of coordinated information based the explicit channel state/statistical information feedback from UE 1. For example, the precoding vector/matrix from the CoMP transmission points and corresponding CQI value can be derived directly from the explicit channel feedbacks. 
However, if implicit channel state/statistical information feedback schemes are used, UE 1 will feedback corresponding PMI/CQI/RI information to the network. In this way, it is difficult for the network to figure out good configurations for the downlink CoMP transmission. Therefore, additional information regarding coordinated information is needed to improve the spectral efficiency of downlink CoMP joint processing. For example, in addition to the PMI for each cell in the CoMP reporting set, a phase correction is needed at the network for coherent CoMP joint processing [4]. Furthermore, in order to improve the link adaptation of downlink CoMP transmission, coordinated information including post-CoMP CQI should be fed back to the network. 
The pros and cons of the views on the channel feedback mechanisms are summarized in the following table.
Table 1: Views on “Explicit Channel Feedback” and “Implicit Channel Feedback”
	
	Pros
	Cons

	Explicit channel feedback
	Provide sufficient information to the network.
Only non-coordinated information is needed.

Network can perform any processing schemes based on the feedback.
	Less robust and more sensitive to the channel feedback errors. 

The uplink feedback overhead is usually large.
May completely redesign feedback schemes.

	Implicit channel feedback
	Less uplink feedback overhead.
More robust to the feedback errors.

Easy to reuse Rel. 8 feedback schemes.
	Coordinated information may be needed to improve downlink spectral efficiency.
Possible network processing schemes may be limited by the feedback report.


In general, it seems not very clear which mechanism is better than the other. At this stage, we should keep the options open and investigate on both of them.  For the interaction of the coordinated feedback with currently agreed feedback mechanisms, we have following suggestions.

Proposal:
· Non-coordinated feedback may be sufficient if explicit channel state information is available for CoMP joint processing.
· Coordinated feedback is needed when UE only reports implicit channel state information for CoMP joint processing.

3 Channel Quality Feedback for CoMP Joint Processing
As discussed in the Section 2, the channel quality feedback is not a big problem if we are able to feedback explicit channel state/statistical information. However, for the case of implicit channel state/statistical information feedback, we may investigate CQI reporting methods other than current LTE CQI feedback mechanisms. 
For the same CoMP system shown in Figure 1, the CoMP reporting set consists of three cells: Cell 1, Cell 2 and Cell 3 where Cell 1 is assumed to be the anchor cell of CoMP UE 1. Since the downlink CoMP joint transmission is based on dedicated reference signals and therefore can be transparent to the CoMP UE. Under this assumption, it is really difficult for UE to compute the CQI values to be fed back to the network because the CQI values depends on the Transmission Points Configuration for CoMP (TPCC) which is defined to be the actual CoMP transmission points. In the system described in Figure 1, the TPCC can have the following possible configurations as described in Table 2.

Table 2: Possible Configuration of TPCC

	TPCC Configuration Number
	CoMP Transmission Points

	1
	Cell 1

	2
	Cell 2

	3
	Cell 3

	4
	Cell 1, and Cell 2

	5
	Cell 1, and Cell 3

	6
	Cell 2 and Cell 3

	7
	Cell 1, Cell 2, and Cell 3


In general, the CQI values will be different for different TPCC. In [5], two classes of CQI reports are introduced: joint CQI feedback and individual CQI feedback.
· In joint feedback, the CQI value is computed assuming all the cells within CoMP reporting set are jointly transmitting the UE

· In individual feedback, the CQI value is computed for each cell with CoMP reporting set individually 
It is proposed in [5] to use the mixed CQI feedbacks where the UE feeds back some individual CQI reports together with the joint CQI report. For example, CQI values for TPCC1, TPCC2 and TPCC7 can be fed back by UE 1. However, based on current definition of CQI in the LTE system, it is very difficult for the network to figure out the CQI values for the TPCCs other than the reported configuration. 
A slight modification of the scheme is to let the UE feedback the CQI values for some predetermined or semi-statistically configured TPCCs. For example, for the system described in Figure 1, the UE can be configured to report three CQI values:

· The CQI value for single CoMP transmission point:  any CQI value of TPCC1, TPCC2, and TPCC3.  
· The CQI value for double CoMP transmission points: any CQI value of TPCC4, TPCC5, and TPCC6.

· The CQI value for triple CoMP transmission points: CQI value of TPCC7.

In this way, the three CQI values can be fed back to the network and network can decide the link adaption based on the exact downlink transmission schemes. The flow chart of this procedure can be illustrated in the following figure.
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Figure 2: Flow Chart for CoMP CQI Reports
4 Conclusion
In this contribution, we discuss some issues related to channel feedback in support of downlink CoMP joint transmission. The followings are proposed:
· Non-coordinated feedback may be sufficient if explicit channel state information is available for CoMP joint processing.

· Coordinated feedback is needed when UE only reports implicit channel state information for CoMP joint processing.

Furthermore, we introduce a modified scheme for CoMP CQI report when implicit channel state information is used. In the modified scheme, UE feedback the CQI values based on some assumption of the actual CoMP transmission points.
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