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Introduction
In RAN1#66 meeting, CoMP SI has been finished and standardization impact for CoMP schemes was captured in the CoMP TR [1]. One of the possible CoMP enhancements mentioned in the text is a new CQI definition which should take into account coordinated multi-point operation of the network. In this contribution we discuss potential candidates for CoMP CQI. 
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Developments in Rel-11 Feedback
To understand the requirements for Rel-11 CQI, we have to look at the Rel-11 feedback framework as a whole and understand its evolution from feedback of earlier releases. A Rel-11 eNB will support new DL CoMP transmission modes such as CS/CB, DPS and JT in addition to the conventional SU and MU-MIMO transmissions. UE feedback to enable all these schemes, which may be dynamically selected by the eNB is a major design issue. Section 5.2.2 of [1] states that 

Different feedback schemes may be applicable for different CoMP categories, or a single feedback scheme may enable support of more than one CoMP categories.

A common feedback framework may be considered for downlink CoMP, i.e, JT can be supported with CS/CB feedback with additional feedback of inter-point properties; DPS/SSPS can be supported as a special case of data availability of JT or CS/CB.

For JT CoMP, when UE PDSCH is simultaneously transmitted from multiple eNBs, per point feedback (UE feedbacks channel information of each of the eNBs individually) or aggregated feedback (UE feedbacks the composite big channel) is another issue [2]. Section 5.2.2 of [1] states that 

For the CoMP schemes that require feedback, individual per-point feedback with or without complementary inter-point feedback is considered as baseline. Aggregated CoMP feedback is not precluded.
About CQI feedback, Section 5.2.2 of [1] states the following different assumptions in CQI reporting
· CQI only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points
· Wideband and subband based CQI feedback may be considered

· CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)
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 Discussion on unified feedback for CoMP in Rel 11

A Rel-11 UE can be assumed to feed back CQI/PMI/RI information for each of the cells in its CoMP coordinating cluster. The decision to engage in CoMP/non-CoMP and their specific schemes lies with the eNB. From the observations in Section 2, a unified framework for feedback seems to be desirable.
However if the UE does not know what DL precoding the eNB is going to employ, it is difficult for it to estimate the transmit eNB MCS accurately. This is because the transmit MCS would depend on the co-scheduled UEs (in case of MU-MIMO) and the other eNBs serving it (in case of CoMP) and this is specific to the DL precoding used. When a UE computes the CQI by measuring the channel (which has not been precoded) it is difficult for it to estimate the quantities mentioned above.  Past contributions which showed how a UE can estimate CQI usually assumed some knowledge of the DL processing that the BS would employ such as MU-MIMO [3] or CS/CB or JT-CoMP [6][7]. 
To understand the problem, in Table 1, we summarize all possible types of DL precoding schemes that the eNB can use. For each scheme and feedback configuration, we indicate the precoder and the transmit MCS values. This would give an insight to any possible attempts towards a generalized framework for CQI/PMI feedback from UE. 
In the results shown in Table 1, note that the SU-MIMO precoding are well known. The MU-MIMO precoding is based on [3] that schedules UEs based on chordal distance. The CS/CB precoding is derived from the SLNR criterion summarized in [4]. The DPS algorithms are similar to SU-MIMO, in that both have a single transmission point and precoding calculations only involve the UE to serving point channel. The JT algorithms follow from their definition and are mentioned in several contributions such as [6], [7], [8], [9], [10].
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PT,l: Transmit power in layer l
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BS schedules k and m by maximizing chordal distance [3]. The other interpretation is that BS picks UEs in such a way that resulting capacity loss due to Block Diagonalization is minimal
Pk: Transmit power to UE k

	CS/CB
	Transmit Precoder
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: Covariance matrices of  the channel between UEs k, {n} and point i, where the UE k and all UEs {n} are co-scheduled by point i.  


[image: image23.wmf]m

j

i

R

,

: Covariance matrix of channel between point i and UE m belonging to point j which is in the same CoMP set at point i. 
Transmit MCS


[image: image24.wmf]m

is proportional to 
[image: image25.wmf]k

i

w

 and the corresponding eigenvalue. Details in [4].

	DPS
	Sk: CoMP coop. set for UE k. 
UE k selects a single BS i in Sk such that the single layer SU-MIMO rate is maximized.
BS i performs SU Precoding
	Sk: CoMP coop. set for UE k. 

UE k selects a single BS i in Sk such that the multi-layer SU-MIMO rate is maximized.

BS i performs SU Precoding
	Sk: CoMP coop. set for UE k. 

UE k selects a single BS i in Sk such that the SU rate is maximized.

BS i performs MU precoding over all users associated with it at that subframe.

	JT 

Per Point with inter point phase feedback
	Transmit Precoder
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The UE receives the same layer from multiple BS. A MRC UE receiver is assumed.

PT is total transmit power
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The UE receives the same layer from multiple BS. A MRC UE receiver is assumed.

PT,l: Transmit power in layer l
	Transmit Precoder
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BS i schedules k and m by maximizing chordal distance [3]. A BS thus performs independent Block Diagonalization [8]. 

Each UE receives only one layer from a BS [8], [9]. 

Pk: Transmit power to UE k

	JT
Aggregated
	UE k form the aggregated channel matrix of all the N BS in its CoMP coop. set
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All N BS (or a subset) jointly perform SU precoding for UE k 
	UE k form the aggregated channel matrix of all the N BS in its CoMP coop. set
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Table 1: Transmit Precoder and MCS at Base Station for Different DL Scenarios
From Table 1, we see that different choice of DL precoding algorithms lead to vastly different choices of the transmit precoder and MCS. The UE PMI/CQI/RI feedback should now enable the eNB to implement all possible DL schemes. It is difficult to propose a common framework for UE feedback of PMI/CQI/RI for all possible choices of subsequent DL transmission modes such as CoMP and no CoMP.

Some situations may still require, the UE to feedback PMI/CQI/RI and without knowledge of subsequent eNB processing. The UE may know that it will be scheduled with a CoMP based transmission mode but it may be still agnostic of the actual CoMP scheme such as JT, CS/CB or DPS. What would be the best feedback given the circumstances? We will now show that the best the UE can do is to feedback the eigenvalues and eigenvector information of the covariance matrices of its channels to all BS in the CoMP cooperating set as CQI and PMI respectively. This is essentially the Rel-8 based UE feedback.
We note that for the no CoMP transmission, the transmit PMIs are matched to the eigenvectors of the channel covariance matrix 
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Then to obtain the expressions in Table 1, the eNB choses the transmit precoder and MCS as  
Transmit Precoder,  
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If L layers are transmitted to the UE, the information about the L principal eigenvalues and eigenvectors need to be fed back as CQI and PMI respectively. Note that for MU-MIMO, the BS can reconstruct the rank-1 UE to BS channel based on the UE PMI/CQI feedback to determine the actual MCS. To understand this, refer to Table 1, at the MU Single Layer entry for No CoMP.  It is clear that 
Transmit Precoder,  
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where 
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is the fraction of the total transmit power that the BS puts in UE k’s transmission. The BS does MU-MIMO UE scheduling based on chordal distance so that the precoder of the co-scheduled UE 
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[image: image54.wmf]k

w

. So the interference is minimized. Note that MU-CQI feedback where the UE tries to estimate the actual MCS by assuming orthogonal precoders for other co-scheduled UEs have been proposed in [3] and can improve performance in some cases. 

For CoMP, the UE feeds back the PMI and CQI information for all points in its cooperating set. Similar to (1) we obtain for rank 1 feedback
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For CS/CB, the BS in the CoMP cooperating set can calculate the transmit PMI and MCS based on such UE feedback. The details are given in [4] and we reproduce the results here for sake of completeness 
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Transmit Precoder, 
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Transmit MCS = 
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For DPS, the CoMP decision would be to dynamically schedule the point with the maximum eigenvalue. Let this point be 
[image: image66.wmf]k

i

i

c

i

max

arg

*

=

 for UE k. After this, the MCS and precoder can be chosen as per
Transmit Precoder, 
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For JT with local precoding, inter-point phase information brings additional improvement. Even without this information (non-coherent CoMP), the transmit precoders and MCS values can be chosen based only on the eigenvector/eigenvalue based feedback. For SU JT with local precoding
Transmit Precoder, 
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For MU-JT with local precoding, there is interference from the co-scheduled UE. This can be treated similar to MU-MIMO case and the relationship between transmit precoder and MCS can be shown accordingly. Note that for local precoding we have also assumed that a UE receives only a single layer from a BS and if multiple layers are transmitted to a UE, they come from different BS [8], [9]. For JT with global precoding, all BS in the CoMP set share their antenna for signal processing. The UE feedback for one layer is thus 
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Subsequent precoder and MCS selection is similar to a no CoMP case with a large BS. 
Proposal 1: If a common feedback framework is to be adopted, a suitable strategy for the UE is to feedback the eigenvector information of its DL channel covariance matrices to all points in its CoMP set as PMI and the corresponding eigenvalue information as CQI.
Note that additional information such path gain imbalance or inter-point phase information between different points can optimize performance [2]. Note that there can be other ways to implement JT that need different types of UE feedback (such as companion PMI, worst case PMI information). Thus eigenvector/eigenvalue feedback is not optimal for JT, but if a common feedback framework is insisted, then they are the best option. 

Proposal 2: The performance of the common feedback scheme mentioned in proposal 1 should be further evaluated to see if it yields satisfactory performance for all possible DL transmission modes. 
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 Conclusion
In this contribution we have studied the CSI feedback issue for Rel-11 from the perspective of all possible types of legacy and new DL transmission modes such as CoMP (CS/CB, JT, and DPS) and no CoMP (SU/MU-MIMO). Based on our study we have the following proposals
Proposal 1: If a common feedback framework is to be adopted, a suitable strategy for the UE is to feedback the eigenvector information of its DL channel covariance matrices to all points in its CoMP set as PMI and the corresponding eigenvalue information as CQI.

Proposal 2: The performance of the common feedback scheme mentioned in proposal 1 should be further evaluated to see if it yields satisfactory performance for all possible DL transmission modes. 
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