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1. Introduction
This contribution is focused on LTE Rel-10 MU-MIMO link adaption processing. In the context of SU/MU-MIMO dynamic switching, we recommend the processing how UE reports CQI and eNB adjusts the reported CQI for frequency scheduling and MCS determination.  The CQI calculation method by UE with the MCS determination by eNB based on the reported CQI are researched individually for different channel information feedback – full channel matrix/ channel covariance matrix feedback and the main eigenvector feedback. 
2. Discussion in the Rel-10 MU-MIMO
2.1. Discussion on the channel information feedback 
In LTE Rel-10, with the use of DRS, the precoding vector for MU-MIMO may not need to be constrained to the codebook. The feedback contents discussed now to support the non-codebook precoding are categorized to two class- full channel matrix/channel covariance [1] and main eigenvector [2].
For full channel matrix/channel covariance feedback, the issues of feedback periodicity, quantization accuracy, and feedback overhead should be discussed. In TDD, the downlink channel information can be obtained from SRS through channel reciprocity, and then the issues listed aforementioned will disappear. For main eigenvector feedback, it is maybe thus procedure that in UE the main eigenvector is quantized to an entity of the codebook, and then just entity index is reported which is no different from the Rel-8 PMI reporting. But new codebook needs to be desired in Rel-10.  
2.2. Discussion on the CQI feedback 

Rel-10 MU-MIMO is different from Rel-8 MU-MIMO in eNB processing. In Rel-8 the precoding vector is based on the single UE reporting, while in Rel-10 the UE pairing is the key operation and the precoding vector of each UE is based on the multiple UEs reporting.
In Rel-8, the CQI reported by UE is calculated on the hypothesis of transmission mode and enable the eNB to make the accurately frequency scheduling and MCS determination. In Rel-10 MU-MIMO, for the UE pairing operation in eNB, UE does not know the exact precoder whatever channel information feedback. Then the reported CQI by UE can’t precisely indicate the eNB to implement the MCS determination for each UE link. Additionally, the issue of SU/MU-MIMO dynamic switching make SU and MU-MIMO should have the unified CQI feedback frame and CQI calculation method in UE which is not based on the transmission mode hypothesis.
In the following sections of this contribution, we consider link adaptation of each UE link in MU-MIMO, including the CQI calculation method in UE and eNB adjustment operation of the reported CQI to make the MCS level individually for the full channel matrix/channel covariance feedback and main eigenvector feedback.
3. MCS determination in MU-MIMO
3.1. MCS determination in full channel matrix/channel covariance feedback 
With the feedback of full channel matrix/channel covariance, we propose the CQI reported by UE could just only correspond to the thermal noise and interference stemming from other non-serving eNBs which could be obtained from RSRQ measurements. In eNB, the precoder for each UE of the co-scheduled pair is ascertained then the interference between the co-scheduled UEs could be estimated precisely. So, the eNB scheduler could adjust the reported CQI according to the estimated multiuser interference to implement frequency scheduling and MCS determination. 
Assuming the two users UE0 and UE1 are co-scheduled. 
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are the covariance channel matrix. In eNB, the knowledge of 
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can be obtained from feedback or channel reciprocity.
Using SLR beamforming, the precoder for UE0 or UE1 is as follow [3]:
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Then the post beamforming SINR for UE0 and UE1 is calculated as follow
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In (2.1) and (2.2), 
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denote the power of thermal noise and interference (not including the multiuser interference) in the UEi receiver. Assuming the accurate 
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can be obtained from the reported CQI. Through (2.2), eNB conduct the user pairing, frequency scheduling and determine the MCS level. In [4], the similar viewpoint is conveyed.
3.2.  MCS determination in main eigenvector feedback
In this case, eNB capture the main eigenvector which match with the UE experienced channel. We propose that the CQI reported by UE should be calculated based on the SU-MIMO mode and corresponding to the reported main eigenvector (or the quantization vector).In eNB, SLNR beamforming can be used.
Using SLNR beamforming, the precoder for UE0 or UE1 is as follow [3]:
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In (2.3), 
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denote the eigenvalue and corresponding main eigenvector of UEi , respectively. 
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denote the power of thermal noise and interference (not including the multiuser interference) in the UEi receiver.
Assuming eNB obtain the SU-CQI reported by UEi and it is accurately mapped to the SINR value
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We note in the case of main eigenvector feedback, the additional feedback of the eigenvalue 
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 should be seriously considered. 
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In main eigenvector feedback and above SLNR beamforming, it could be considered furtherly about the more accurate post beamforming SINR.  We have next  processing:
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Then the post beamforming SINR is as follows:
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4. Simulations 
Assuming the CQI reported by UE is mapped to accurate SINR value. And assuming the quantization errors of the feedback are not considered.
In the context of SU/MU-MIMO dynamic switching, UE has not been provided the precoding knowledge of the other co-scheduled UE. Therefore, UE can’t estimate the interference between the co-scheduled users and MMSE receiver can’t take the multiuser interference into account.
In the link simulation, we assign two UE to perform the pairing operation and one stream per UE, no considering the UE selection operation among multiple UEs. 
Assuming through the precoded DRS we can obtain the DRS CQI and view the DRS CQI as the baseline, we compare the throughput performance of eNB CQI (MCS) determination with the DRS CQI.
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Figure 1   In full channel matrix/covariance matrix feedback, eNB CQI(MCS) determination throughput
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Figure 2 In eigenvector feedback, eNB CQI(MCS) determination throughput
In Figure 1, the eNB CQI(MCS) determination throughput performance is almost the same with the DRS CQI performance. In some points the eNB CQI(MCS) determination is better than the DRS CQI performance. We think it is because the DRS CQI does not take the multiuser interference into account and not be the ideal baseline. But from the result we can say that eNB MCS determination is absolutely feasible.
In Figure 2, eNB CQI (MCS) determination directly uses the reported SU-CQI, and there is some performance degradation compared to the DRS CQI performance. When eNB adjust the reported SU-CQI and give the more accurately post beamforming CQI to determine the MCS level, the performance is improved. 
5. Conclusions 

From above MU-MIMO link adaptation processing and the simulation, we conclude that 
For the full channel matrix/covariance channel matrix feedback:
(1) In order to support the SU/MU dynamic switching, the CQI reported by UE could just correspond to the power of thermal noise and interference stemming from other non-serving eNBs which could be obtained from RSRQ measurement. 
(2) According to the precoder vector after the pairing operation, eNB adjust the reported CQI to determine the MCS per UE link.
(3) At the same time, we should realize that this CQI calculation method influence the SU-MIMO CQI calculation and make the SU-MIMO CQI calculation to be different from the Rel-8 specification (TS36.213, Table 7.2.3-0).
For the main eigenvector feedback:
(1)  The CQI reported by UE should be calculated based on SU-MIMO mode and corresponded to the reported main eigenvector.
(2)  The more accurate adjustment of the reported CQI in eNB is performed.    eNB directly using the reported CQI to determine MCS of UE will introduce weak performance degradation, whereas by using the adjusted post beamforming CQI, the throughput will be improved.
(3) The impaction on the specification is that in order to form the unified SU/MU-MIMO reporting mode, the CQI calculation could still be SU-MIMO mode, but the extra information should be reported ,such as  the eigenvalue(s). The eigenvalue feedback mechanism should be further study
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Appendix1: link level simulation parameters

	Parameter
	Assumption

	Antenna configuration
	8x2 (cross polarized for eNB and UE)

	Inter element distance at eNB
	0.5 lamda

	Bandwidth
	10M

	Channel model
	SCME-UrbanMacro

	MCS
	MCS as Rel-8

	HARQ
	Chase combining

	Maximum Transmission Number
	4

	Channel code
	Turbo code

	Carrier frequency
	2.0 GHz

	Uplink channel estimation
	Ideal

	Downlink Channel estimation
	LS

	Receiver 
	MMSE

	Scheduled resource block
	6 RB

	Beamforming granularity
	1 RB

	UE mobile speed
	3km/h
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