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1. Introduction

Both unitary precoding and zero forcing (ZF) precoding based MU-MIMO need to report channel quality indicator (CQI) from UE to eNodeB. Since the possible number of different user combinations is smaller in unitary precoding it simplifies the CQI calculation at the UE. Basically, the unitary precoding needs to feedback similar CQI as the precoded SU-MIMO does for a specific rank. However, in the ZF precoding scheme, the CQI of the transmission to occur can not be accurately known at the time when CQI is calculated. This contribution is an update on [2] using the same definitions for the analysis but investigating correlated channels and taking the agreed 4TX antenna codebook of [3] into account.  For simplicity, the study is based on SINR since it is one traditional measure, which can be used to generate CQI reports. This contribution studies only the effect of multi user interference to ideal SINR. No estimation errors, feedback delays or SINR quantization to actual CQI reports are taken into account. Thus, these results are optimistic in terms of final CQI reporting performance.
2. Numerical Results

The definitions of the CQI calculation methods can be found from [2]. To summarize, the following SINR calculation methods are studied:
· Approximate SINR: according to [1].
· Average SINR: The average SINR is calculated by averaging over all possible realizations of the precoding weight of the interfering user.

· MRC SINR: The interference caused by the spatially multiplexed users is not taken into account. The SINR is equivalent to a rank 1 transmission in the single user (SU) MIMO mode.
Simulations were made with the following assumptions:

· 2x2 or 4x2 system
· 2 spatially multiplexed users
· TU and Pedestrian A (PA) channel models.
· Spatially correlated channel 
· Correlation matrix  
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 used at the transmit antenna paths for 2 transmit antennas.
· Correlation matrix  
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 used at the transmit antenna paths for 4 transmit antennas.
· 10 MHz bandwidth.
· UEs transmit always with full bandwidth.
· The receiver is an LMMSE receiver which is aware of the interfering UE.
· 10 precoding weights in frequency domain (5RB precoding granularity)
· 25 CQI values in frequency domain (average reported SINR over each RB pair)
· 2 bit DFT codebook is used at the receiver for unitary and zero forcing precoding if 2 transmit antennas are used at the eNodeB. This can be understood as codebook subset selection of the elements of the 2TX SU-MIMO codebook having constant power on each antenna.
· The codebook from [3] is used if 4 transmit antennas are used at the eNodeB
ZF Precoding
Tables 1 and 2 depict the standard deviations of SINR error for 2x2 MIMO scheme in TU and PA channels if 2 users are served whereas tables 5&6 depict similar simulation cases for 4 transmit antennas. The SINR is studied on whole system bandwidth. Scheduling information is based on the CQI and thus not only the scheduled bandwidth is important. Typically the error in TU channel is larger than in PA channel due to the increased frequency selectivity and limited frequency domain granularity. The approximate SINR seems to provide worst performance. However, the SU MRC based SINR and average SINR seems to provide better accuracy. On the other hand, the standard deviation does not take into account the error caused by the non zero mean. However, eNodeB should be able to remove the bias by monitoring ACK/NACK feedback if the conditions and the bias do not change too fast.
The main observations are:

· At low geometry factors, the other cell noise dominates the interference characteristics.

· The approximate SINR has large error.

· Simple MRC SINR and average SINR seem to provide good performance.
Table 1. Standard deviation of SINR error in correlated TU channel for 2x2 MU-MIMO. (in dB)

	SNR [dB]
	Approximate SINR (LMMSE receiver)
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	4.73
	2.24
	1.58

	10
	6.22
	2.34
	1.63


Table 2. Standard deviation of SINR error in correlated PA channel for 2x2 MU-MIMO. (in dB)

	SNR [dB]
	Approximate SINR (LMMSE receiver)
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	5.40
	1.61
	1.53

	10
	7.17
	1.76
	1.6


Table 3. Standard deviation of SINR error in correlated TU channel for 4x2 MU-MIMO. (in dB)

	SNR [dB]
	Approximate SINR (LMMSE receiver)
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	3.5
	1.76
	0.67

	10
	4.3
	1.8
	0.69


Table 4. Standard deviation of SINR error in correlated PA channel for 4x2 MU-MIMO. (in dB)

	SNR [dB]
	Approximate SINR (LMMSE receiver)
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	3.6
	0.75
	0.67

	10
	4.4
	0.74
	0.69


Unitary Precoding

This section shows the same simulations as in previous section but instead of ZF precoding unitary precoding is applied. The average SINR reduces to SU-MIMO dual stream SINR because the allowed user set contains only the single orthogonal vector. However, the SU single stream SINR achieves a good performance. 

Table 5. Standard deviation of SINR error in correlated TU channel for 2x2 MU-MIMO. (in dB)

	SNR [dB]
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	1.83
	0.7

	10
	1.99
	0.93


Table 6. Standard deviation of SINR error in correlated PA channel for 2x2 MU-MIMO. (in dB)

	SNR [dB]
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	0.89
	0.73

	10
	1.25
	0.98


Table 7. Standard deviation of SINR error in correlated TU channel for 4x2 MU-MIMO. (in dB)

	SNR [dB]
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	1.8
	0.75

	10
	1.92
	1.0


Table 8. Standard deviation of SINR error in correlated PA channel for 4x2 MU-MIMO. (in dB)

	SNR [dB]
	MRC SINR (LMMSE receiver)
	Average SINR (LMMSE receiver)

	5
	1
	0.8

	10
	0.8
	0.7


3. Discussion and Conclusion
In this contribution, further results on the accuracy of the different MU-MIMO CQI measures have been shown. For simplicity, the study was based on SINR since it is one traditional measure, which can be used to generate the final CQI reports.
The results indicate that the CQI estimation error is likely to be larger for 2x2 ZF precoding than for unitary precoding. It also seems that simple single stream SU-MIMO CQI achieves relatively good quality output for ZF precoding. 
For unitary precoding, the single and dual stream SU-MIMO CQIs are ideal if the different ranks can be reported. If only single CQI report is to be fed back, single stream SU-MIMO report is accurate enough. Furthermore, the single stream SU-MIMO CQI is the optimum choice if single user is served. 
In general, it seems that the current working assumption [4] related to MU-MIMO CQI reporting, namely using the single stream SU-MIMO CQI report, achieves a good reporting accuracy. The calculation of this type of CQI report is also straightforward and results in a low computational complexity for the terminal.
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