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1
Introduction 

Based on the extensive discussion on MU-MIMO in RAN1 #58bis, feedback enhancement for MU-MIMO is captured in the chairman’s notes for further discussion. 
In this contribution, we consider CQI feedback enhancement for MU-MIMO to support dynamic mode switch. A new CQI feedback which indicates the average noise plus intercell interference (the interference among different layers of MIMO operation is not included) is investigated. Based on the feedback, the eNB can predict the post SINR for MU-MIMO mode with much higher accuracy.
2 MIMO Feedback Schemes in Rel.9
For MU-MIMO operation in release 9, firstly, each UE estimates the channel by CRS. Based on the estimated channel state information (CSI), the UE selects the PMI from the codebook assuming SU-MIMO operation. After the PMI is selected, the UE will calculate the post SINR as CQI for the selected PMI. Then, the UE feeds back the PMI and the corresponding CQI to the eNB. It should be noted that all the feedbacks are based on the assumption of SU-MIMO mode operation.

Based on the feedbacks, the eNB does multi-user scheduling, which supports dynamic switching between SU-MIMO mode and MU-MIMO mode. If the eNB selects SU-MIMO mode, it only transmits one UE’s data symbols by using the PMI feedback as the precoding matrix and CQI feedback to decide the MCS level. In this case, all the feedbacks are assumed ideal. If the eNB selects MU-MIMO mode, it takes 2 UEs to pair together and calculates the precoding matrix. Then, it transmits the data symbols of two UEs’ which are precoded by the precoding matrix. 
At the UEs, at first, they estimate the precoded channel by DM-RS. Then, they recover the original data symbols by post decoding with precoded channel information.
From above, we can see that all the feedbacks from the UE side are for SU-MIMO. Thus, it could be said that, for MU-MIMO mode, both the PMI and CQI are not optimized.  For release 10, feedback enhancement for MU-MIMO should be considered. In this contribution, we mainly focus on the CQI feedback enhancement for MU-MIMO.
3 New CQI Feedback for MU-MIMO
In this section, we investigate the CQI feedback enhancement for MU-MIMO. The average noise plus intercell interference power is considered as an additional CQI feedback to enhance the MU-MIMO performance. Analysis is given to show how it works in two cases: Explicit short term CSI feedback and Implicit PMI Feedback.
3.1. CQI for Explicit short term CSI

Explicit CSI includes the direct channel H, its eigenvectors/eigenvalues or the transmit covariance matrix R. As an example, the channel matrix H is considered as a short term CSI feedback and maximum signal-to-leakage (SLR) is employed as the MU BF (beamforming) algorithm. As to the CQI, we consider to use the average noise plus intercell interference power. 

Here, we assume that two UEs are paired together for MU-MIMO operation. The precoder of UE 1 and UE2 can be expressed as
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Where H1and H2 are the channel matrices fed back by UE1 and UE2, respectively.  P1 and P2 are the average noise plus intercell interference power of UE1 and UE2 which are fed back to the eNB as CQI.  It is easy to see that W1 follows the Rayleigh-Ritz quotient theory for maximizing the ratio of the UE 1’s received signal to the leakage (interference) that the UE 1 causes to the UE 2.  
It should be noted that we approximate the noise plus intercell interference as AWGN.

Since BF is an eNB implementation issue and is transparent to the UE, the post-BF MU CQI is generally unknown to the eNB. Hence, CQI prediction based on UE feedback must be applied at the eNB in order to select the MCS level. If the eNB assumes a MRC-type of receiver at the UE side, with the feedback information, the predicted post-BF MU CQI of UE1 can be estimated as follows 
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From above, we can see that with the proposed feedback scheme, the eNB can optimize the MU-MIMO BF and get high accuracy CQI prediction. 
3.2. CQI for Implicit PMI Feedback 

If the UE follows the Rel-8 SU-MIMO feedback framework, it only feeds back the implicit SU-MIMO PMI/CQI. Here, we add an additional CQI feedback to indicate the average noise plus intercell interference power to enhance the performance of MU-MIMO precoding and CQI prediction.
If we assume that the precoding matrices fed back by two different UEs are 
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. For each hypothetical pair of UEs, MU beamforming with ZFBF is derived as   
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is a regularization factor.  
From [5], we can know that 
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 can be optimized based on the feedback of average noise plus intercell interference power. Based on the researches, the optimal value of 
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 depends on the noise/interference power level. As the average SINR increases, the optimal value of 
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 decreases. If the average is very high, the optimal value of 
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 is near 0.
The reported SU-MIMO CQI is processed by the eNB to derive the predicted CQI for link adaptation, factoring in the specific beamforming scheme at eNB and conjectured residual interference. One example of MU CQI prediction is given by
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where 
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 means the ith row and the jth column element of the matrix), CQI1 is the SU CQI fed back from UE 1, and n is a heuristic CQI backoff variable.  
Here, we give an example for the additional CQI with 2 bits in Table 1. The different CQI index indicates an approximate range of the average noise plus intercell interference power level. For each range of the average noise plus intercell interference power level expressed in average SINR, we can select the near optimal value for 
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in the given range. Here, we can see that, with small amount of additional CQI feedback to indicate the average noise plus intercell interference power, the overall MU-MIMO operation can be optimized. 
Table 1:

	CQI Index
	SINR
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	0
	<5dB
	0.5

	1
	5~15dB
	0.1

	2
	15~25dB
	0.01

	3
	>25dB
	0


4
Conclusion
In this contribution, we consider CQI feedback enhancement for MU-MIMO. We propose a simple new feedback scheme for MU-MIMO. A new CQI feedback which indicates the average noise plus intercell interference (the interference among different layers of MIMO operation is not included) is investigated. By using this feedback, the overall MU-MIMO operation can be optimized. Moreover, the eNB can predict the post SINR for MU-MIMO mode with much higher accuracy.
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