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1 Introduction
Coordinated-multiple-point (CoMP) transmission is a promising technique to mitigate the inter-cell interference and improve the throughput of cell edge users. To enable CoMP, especially closed-loop CoMP in LTE-A systems, new feedback messages from UE to serving eNB should be newly designed.
According to the way-forward as discussed during 3GPP RAN1 #57 as well as in the email reflector [1], it was agreed upon that the CoMP feedback can be categorized as:

· Explicit Feedback

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

· feedback mechanisms that use hypotheses of different transmission and/or reception processing, e.g., CQI/PMI/RI
· Sounding Reference Signal

· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity.
In this contribution, we focus on the comparison between explicit and implicit feedbacks only, and leave SRS feedback approach for further study/discussion.

Throughout the present contribution, the following system setup and notations are assumed:

· The CoMP UE is equipped with 
[image: image1.wmf]r

n

 receive antennas;

· The measurement set [1] contains 
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 CoMP cells denoted by 
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, of which the l-th 
[image: image4.wmf]l

eNB

each has
[image: image5.wmf],

tl

n

 transmit antennas. The channel from 
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. The measurement channel matrix is represented by 
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· Singular value decomposition for
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 is represented by 
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· The cooperating set contains 
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 transmit points (TPs), the actual transmission channel matrix 
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 is a sub-matrix of 
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2 Candidate Formats for Explicit and Implicit Feedbacks
According to the definition of explicit and implicit feedbacks, there are a number of candidate formats for each of them. The following table lists a few candidate formats for exemplary illustration.
	Explicit Feedbacks
	Implicit Feedbacks

	Exp.1
	Direct measurement channel matrix 
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 (short-term/instantaneous), or, equivalently, each individual
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	Imp.1
	PMI feedback
	global PMI for selected TPs

	Exp.2
	Main eigen-component of 
[image: image20.wmf]H

 (short-term/instantaneous)
	
	
	Individual PMIs for each selected TP + inter-TP correlation

	
	Exp.2.1
	main eigen-component of each individual 
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, plus additional inter-cell property/characteristic.
	
	
	Good PMIs for selected TPs 
+ bad PMIs for non-selected TPs

	Exp.3
	Channel covariance matrix (or the main eigen-component of) 
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(short-term/instantaneous), or, equivalently, matrix 
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 and 
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;
	Imp.2
	Receive processing
	Receive weights feedback

	
	Exp.3.1
	individual channel covariance matrices (or the main eigen-components of) 
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 (or: 
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), plus additional inter-cell property/characteristic
	Imp.3
	Interference based
	Interference based on particular transmit/receive processing

	Exp.4
	Channel covariance matrix (or the main eigen-component of) 
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 (long-term) , or, equivalently, matrix 
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 and 
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	…
	…
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	Exp.4.1
	individual channel covariance matrices (or the main eigen-components of) 
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(or: matrix 
[image: image32.wmf]l

V

 and 
[image: image33.wmf]l

S

), plus additional inter-cell property/characteristic.
	
	
	


Table 1: Exemplary Explicit and Implicit Feedback Formats for CoMP
3 Comparisons Between Explicit and Implicit Feedbacks
The comparisons between explicit and implicit feedbacks are listed in the table below:
	
	Explicit Feedback
	Implicit Feedback

	Applicability
	Both explicit and implicit feedbacks can be applied to either FDD or TDD systems.

	Feedback Method
	scalar quantization-based feedback: quantization per element, e.g., direct quantization for each entry of a matrix

	
	vector quantization-based feedback: quantization per vector, e.g., codebook based feedback

	CQI Mismatch
	Both the explicit feedback and implicit feedback can support various transmit/receive schemes such as SU/MU single cell, SU/MU CoMP with CS/CB or JP, etc.

	
	The eNB can dynamically choose the most appropriate transmit mode and design more appropriate transmit filters for a given transmit mode.
	Precoding algorithms are limited by the presumed/pre-negotiated hypothesis.

	
	CQI can be obtained at eNB side without additional CQI feedback from UE; (UE may need to feedback noise/interference level instead for eNB to evaluate the CQI)
	CQI is obtained at the UE side with hypothesis of a predefined/pre-negotiated transmission scheme and post-processing.

	
	For eNB to calculate the MCS level for CoMP, additional information such as interference and noise level at the UE should be feedback for eNB to evaluate CQIs for possible transmit mode.
	More accurate CQI estimation at UE if CQI is matched to a predefined/pre-negotiated transmission scheme and to the post-processing.

	
	eNB may not be able to accurately determine the MCS level due to lack of knowledge of receiver processing.
	CQI mismatch occurs if the eNB schedules with a different transmission scheme than the one predefined/pre-negotiated by the allocated feedback mode, or if the eNB overrides decisions taken by UE (e.g. rank).

	Delay Between Measurement and Transmission
	Several delay intervals can be identified between measurement and actual transmission, they are

1. Delay between measurement and feedback
2. Delay between feedback and precoding
3. Delay over the inter-transmission-point interface
4. Delay for precoding and scheduling processing

	
	Delays are dependent on report period of feedback, post-processing time and quantization method

	
	Overall, there is no significant delay difference between explicit and implicit feedback.

	Sensitivity to Delay
	Sensitivity depends on feedback format

	
	Exp.1: when feedback information is the channel matrix, it is expected the performance would be more sensitive to delays;
Exp.2~3: when feedback information is the eigen components of channel matrix, or those of the channel matrix, eigen components individually are less sensitive to delay.
	in general implicit feedback exhibits less sensitivity comparing to the explicit channel matrix
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The sensitivities of codebook-based PMI and rank feedbacks are similar to the 
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 explicit feedbacks, respectively.

	Sensitivity to Frequency Selectivity
	Frequency granularity for feedback is dependent on feedback format/method
· Exp.1: finer frequency granularity is required to track the channel in the frequency domain

· Exp.2~4: in general, subspace tracking varies more slowly in the frequency domain than the channel itself. Feedback methods that exploit channel statistics require coarser frequency granularity.
	Frequency granularity for implicit feedback is similar to eigen component in explicit feedback mode. In general, the implicit feedback always tracks the dominant channel subspace.

	Uplink Overhead
	Large overhead
	Moderate overhead depending on feedback formats

	
	Noise/interference information to enable CQI evaluation at the eNB
· more overhead bits (quantization levels) needed due to more dynamic range comparing to that of CQI.
	The additional overhead for CQI information depends on the codewords.

	
	In some scenario, the explicit feedback may have drawbacks of feeding back unnecessary information, e.g. feedback of a whole correlation matrix just to perform rank one beamforming

	In general, the implicit feedback always report the sufficient information required for a given transmission mode, e.g. feedback of a PMI of a given rank

	Downlink Common Overhead
	Both types of feedback need CSI-RS in the downlink

	
	If the CoMP transmission is not transparent to UE, additional control signaling is needed.

	Computational Complexity 
@ UE
	Exp.1: no post-processing at UE side after measurement;
Exp.2: decomposition matrix processing needed
Exp.3~4: covariance computation of channel matrix, and matrix decomposition processing needed
	Post processing is needed at UE side. UE computational complexity could be larger or lower than explicit feedback depends on feedback method and information to feedback (e.g. quantizing a 
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 full explicit channel matrix may be more complex than choosing a PMI or inversely).

	
	quantization processing needed for either scale-based or vector-based quantization
	

	Computational Complexity 
@ eNB
	post-processing is needed at eNB side, e.g., precoder calculation, MCS level decision, etc.
	In general, less computation complexity at the eNB is expected comparing to explicit feedback. Detailed complexity depending on the eNB implementation, e.g., an eNB could either directly re-use a PMI received from a UE, or override it by another local algorithm.

	eNB Hardware Constraints: Transmit Antenna/Chains Calibration
	Hardware constraints depend on information to feedback and feedback methods
overall lower requirements on transmit calibration if feedback methods do not rely on some channel statistics
	Requirement on transmit calibration highly depends on feedback method. If feedback method relies on some channel statistics or subspace structure (e.g. codebook for correlated channels), calibration is required for optimal performance.


Table 2: Comparison Between Explicit and Implicit Feedback
4 Conclusions
In the present contribution, we compared the explicit and implicit feedback formats for CoMP. Detailed analysis and comparison are given from various aspects.

In summary, the explicit feedback assumes no transmit/receive hypothesis and thus enjoys more freedom to schedule flexible transparent transmit schemes, while some hypothesises must be pre-defined or pre-negotiated in prior for implicit feedbacks.

However, the explicit demands more uplink overhead, and the CQI evaluation is expected to be less accurate in general comparing to the implicit feedback case where CQIs are evaluated based on transmit/receive hypothesis. Moreover, the computational complexity at the UE for explicit feedback may not be necessarily simpler than that for implicit feedback, depending on quantization method employed.

The overall system performance difference between explicit and implicit feedback is still for further study and system level performance evaluation.
The key differences analyzed in the present contribution are highlighted in the following table:
	
	Explicit Feedback
	Implicit Feedback

	Transmit/Receive Hypothesis
	No hypothesis made for feedback.
	Feedback dependent on hypothesis

	CQI Mismatch
	Inaccurate CQI
	More accurate CQI in general. 

(Inaccurate CQI if network overrides the hypothesis on which the CQI is based)

	Sensitivity
	Sensitive to time and frequency selectivity and quantization error with direct channel feedback;
	Less or similar sensitivity to time and frequency selectivity, comparing to explicit feedback

	UL Overhead
	Large
	Moderate

	Computational Complexity
	Complexity at UE depends on feedback format and quantization method. More complexity at eNB.
	Complexity at UE depends on feedback format and quantization method. Less complexity at eNB.

	Performance
	Actual performance depends strongly on feedback method, and is still pending for further study/simulation.


Table 3: Summary of the Difference between Explicit and Implicit Feedbacks
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