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1 Introduction

In [1], four candidates for CSI feedback enhancement have been summarized, and they can be listed in short as below:

· codebook enhancement;

· new feedback mode;

· finer frequency-domain granularity;

· RI/PMI/CQI optimization dedicated for MU-MIMO.

In this contribution, we will discuss RI/PMI/CQI optimization dedicated for MU-MIMO, i.e. MU-CSI, which has been discuss simply in [2] in RAN #72 meeting.
2 MU-CSI
In Rel-11, MU-MIMO operations at the eNB side are still based on SU-MIMO feedback, which may reduce the performance of MU-MIMO. To further enhance the performance of MU-MIMO, the information for paired users should be considered in the feedback scheme, which we will discuss in the sequel. 
2.1 MU-CSI with Rank Restriction
Since MU-MIMO often employs lower channel rank (e.g. less than 2) than its SU counterpart (e.g., more than 2), it implies that in order to facilitate the dynamic switching between SU-MIMO and MU-MIMO, the eNB needs a lower rank report to justify the performance of MU-MIMO transmission scheme over the SU-MIMO, which usually has higher rank reported. As discussed in  [2], rank-restricted RI for MU-MIMO pairing can be available by codebook subset restriction. To facilitate dynamic switching, it is desirable to have at least two CSI processes to feedback the SU-CSI and the rank restricted MU-CSI. However, it has also been supported in Rel-11.

Observation 1: MU-CSI with rank restriction is needed to facilitate the dynamic SU/MU switching, however, it requires no standardization effort at all as existing mechanism may be largely reused.

2.2 Interference of MU-CQI measured by CSI-IMR
Currently, UE only feedbacks SU-CSI and thus the eNB should compensate the SU-CQI to a MU-CQI, with the estimated MU-interference introduced by the paired user. However, due to the lack of receiver knowledge as well as the details of downlink channel, the estimated MU-CQI may often be inaccurate. For example, let the received signal of user 1 be
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                                                           Eq. (1)
In which H1 is channel between the eNB and user 1, di is the information the eNB sending to user i, and Ci is the precoding codeword for user i. in Eq.(1), 2 users MU-MIMO is assumed. 

Assume the SU SINR can be represented as
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In which 
[image: image3.wmf]2

h

 and 
[image: image4.wmf]2

s

 are the power of inter-cell interference and noise, respectively. 

The eNB may estimate the MU SINR as:
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                                                             Eq. (3)
Since the precoding codeword C1 for user 1 is the codeword that has the minimum distance to the eigen channel of H1, it is reasonable to take the approximate
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[image: image8.wmf]12

H

CC

d

=

is the correlation coefficient between C1 and C2.
And thus 


[image: image9.wmf]2

1

su

mu

su

g

g

gd

»

+

                                                                             Eq. (4)
It is obviously that Eq.(4) has not taken into account the interference suppressing ability of UE, e.g., with MMSE receiver, and furthermore it ignores the impact of channel quantization error. Consequently Eq.(4) may introduce errors in MU-CQI estimation. We plot this estimation error distribution in Fig.1 and Fig.2.
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Fig. 1 the PDF of MU-CQI estimation error by using Eq.(4)
According to Fig.1, although some MU-CQI (less than 30%) can be accurately estimated, there are over-optimistic estimations as well as over pessimistic estimations existing. It should be noted that the over-optimistic estimations are not desirable because it may lead to significant BLER increasing. 
In Fig.2 we plot the CDF of the error distribution, in which we can see more 40% MU-CQI estimations are over optimist, which might not be acceptable for the user.
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Fig. 2 the CDF of MU-CQI estimation error by using Eq.(4)

Observation 2: MU-CQI estimation by eNB only could not be accurate enough due to the lack of receiver knowledge and the details of downlink channel.

To solve this problem, it is necessary to estimate the MU-CQI at the UE side. As has been mentioned in [2], IMR can be naturally utilized to help the user to measure the interference from the paired user. Recalling that in Rel-11, when a CSI-process is configured with IMR, the corresponding CQI should be determined based on the interference measured through this IMR. Therefore if the data of the to be co-scheduled UE(s) is contained in the REs of an IMR configured to the given UE, its CQI report will naturally contain the MU- interference, in this case the “MU-CQI” can be estimated and reported to the eNB. On the other hand, for SU-CSI feedback, one more traditional CSI-process (i.e., without IMR for MU-interference measurement) can be configured. 
Note that in this scheme, whether there is a co-scheduled user is also transparent to the UE, and thus the UE may still assume a SU-CQI feedback. However, in order to normalize the transmission power when the eNB is operating at MU-MIMO mode, the actual transmission power in MU-MIMO mode for the specific user will be less than that in SU-MIMO mode, due to the power is shared between the co-scheduled users. Thus the “MU-CQI” may still need to be compensated by eNB in order to match the link adaptation. However, the compensation can be implementation-specific operation, and therefore no standardization effort is needed. 
Observation 3: MU-CQI estimation can be estimated at the UE side in the CSI-process(es) with IMR(s) corresponding to the to be co-scheduled UE(s) without further standardization effort.
According to the observations above, we propose:  
Proposal 1: It is not necessary to define a new MU-CQI, the co-channel interference of MU-CQI can be estimated and reported through a legacy CSI-process that contains an IMR corresponding to the co-scheduled user.
3 Conclusion

In this contribution, we discuss and give the proposals for 4-Tx MU-MIMO CSI feedback enhancement in Rel-12, which are summarized as follows:
Proposal 1: It is not necessary to define a new MU-CQI, the co-channel interference of MU-CQI can be estimated and reported through a legacy CSI-process that contains an IMR corresponding to the co-scheduled user.
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