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Introduction
The current SDD text specifies “If dedicated pilots are used, the form and derivation of 
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  the assembled precoding matrix, 
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, can be either standardized or vendor-specific. If the columns of the assembled precoding matrix are orthogonal to each other, it is defined as unitary MU-MIMO. Otherwise, it is defined as non-unitary MU-MIMO.”
In order to achieve significant gains with the MU-MIMO mode, it is very important to have an accurate estimate of the CQI at the BS. If the precoding matrix is vendor specific, the MS does not know what kind of filtering is applied at the BS and therefore cannot derive a CQI based on the BS filter. Hence it has to be able to compute a unique CQI that provides good performance for any vendor-specific MU-MIMO.
We show that the CQI calculation as used in unitary precoding can be re-used in non-unitary precoding (e.g. ZFBF) without affecting performance. Hence we propose to standardize the CQI calculation method at the MS in order to make sure that irrespective the exact implementation of the MU-MIMO scheme (unitary or non-unitary), good performance can be guaranteed. The proposed text is given at the end of the contribution.

CQI calculation with unitary precoding

In a unitary MU-MIMO, users are scheduled using a unitary precoding matrix. This unitary matrix is chosen in a set of unitary matrices known at both the MS and the BS. Let us denote by 
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such unitary precoding matrix. At the time of measurement, the MS calculates (using measurement pilots, e.g. midamble) SINRs of every stream for all the unitary matrices in the set. The SINR of stream m for unitary precoding matrix
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at receiver k can be written as 
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where 
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is the receive beamforming vector such as MMSE and 
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 is the mth column vector of unitary matrix 
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 are the number of transmit antennas and total transmit power respectively. Since the unitary property, beamforming vectors 
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 are removed in the denominator. We assume equal power allocation among streams and the noise with unit power.
Performance Analysis
This CQI calculation has been used for some time for unitary precoding. We investigate the use of such CQI calculation in non-unitary precoding and compare with CQI calculation methods well known for non-unitary precoding [1-4].

In particular, we compare this unitary precoding CQI with the following methods:


- dominant eigenvector combiner with Philips CQI [1]


- dominant eigenvector combiner with LTE rank 1 CQI [2]


- dominant eigenvector combiner with channel norm CQI


- Quantization-based combiner (QBC) with Philips CQI [3]


- Minimum Effective SINR Combiner (MESC) [4]

In Figure 1, performance of ZFBF using those different CQI methods is displayed. Rank adaptation at the BS is performed and the CQI is calculated assuming full rank transmission. MESC is well known to provide excellent performance for ZFBF. Figure 1 simply shows that assuming unitary precoding in CQI calculation leads to the same performance as MESC. Hence assuming unitary precoding when calculating the CQI can be used for both unitary and non-unitary precoding and it achieves the best performance for both approaches.
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Figure 1. Performance of ZFBF in 4x4 uncorrelated channels with various CQI calculation methods.
Simulation conditions

	Transmission bandwidth
	10 MHz

	Centre frequency
	2.5 GHz

	Subframe duration
	0.6171 ms

	Subcarrier spacing
	10. 938 kHz

	FFT size
	1024

	Number of occupied subcarriers
	1008

	Number of OFDM symbols per subframe
	6

	Number of subcarriers per Resource Unit
	18

	Spatial channel environment
	Modified PedB channel, 3 km/h, uncorrelated at MS

· Uncorrelated case: 4 wavelengths spacing and 15 degree angular spread at the base station

	CQI feedback
	6 subframes delay, error-free (~4ms delay)

	Subchannelization and frequency granularity of feedback
	LLRU (1 adjacent PRU)

	Feedback load
	Full feedback (for every resource unit), 10 users

	pilot pattern
	16m

	Channel estimation
	Ideal

	MIMO detection method
	Linear MMSE

	Modulation and coding
	10 MCS levels

	HARQ
	Chase Combining, non-adaptive, 8 subframes retransmission delay, maximum 4 retransmissions
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Proposed text
11.8.2.2.3. Feedback for MU-MIMO
11.8.2.2.3.1. CQI feedback

For CQI feedback, the mobile station measures the downlink pilot channel, computes the channel quality information (CQI), and reports the CQI on the uplink feedback channel. Both wideband CQI and subband CQI may be transmitted by a mobile station. Wideband CQI is the average CQI of a wide frequency band. In contrast, sub-band CQI is the CQI of a localized sub-band. 
[To add to current text: The CQI is calculated at the mobile station assuming that the interfering users are scheduled by the serving base station using precoders orthogonal to each other and orthogonal to the reported PMI.]
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