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1. Introduction
IMT-A simulated downlink performance results are presented in this contribution.  It is shown that the IMT-A performance requirements [2] are met assuming the corresponding assumptions and ITU deployment scenarios in [1],[3]using non-codebook based MU-MIMO with covariance feedback. 
2. DL SU/MU-MIMO transmission with covariance matrix feedback
Details of the framework with covariance feedback are provided in [5]

 REF _Ref233471185 \r \h 
 \* MERGEFORMAT [6]. Relevant details are captured below.

2.1. Feedback 

Feedback is based on spatial correlation matrix that corresponds to the transmit antenna correlation observed at the UE and computed by UE based on CSI-RS. Denoting the spatial correlation matrix observed by UE-i as 
[image: image1.wmf]i
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, which can be computed from channels estimated from CSI-RS and accumulated over the entire band or a sub-band, over one subframe or a longer period, all according to an eNB’s configuration. The spatial correlation R can be simply estimated as  
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where S is a set of subcarriers, corresponding to a subband,  the whole transmission band, or a single component carrier in the case of spectrum aggregation. “R” is an instantaneous correlation estimated based on an instantaneous channel estimated from CSI-RS in a subframe. If accumulated over a longer period of time, it eventually converges to statistical correlation. Correlation matrix can be deemed as a compressed or averaged “channel” from a set of channel response matrices. It can be used in both SU and MU. Additional local averaging can also be used for robustness to feedback delay.
The un-precoded interference power at each UE is also feedback along with covariance information,
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obtained by summing received signal powers at the UE. 
2.2. Scheduler and Precoder

For SU operation, eNB determines the rank to be supported based on the Eigen values of “R”. The precoding matrix is based on the Eigen vectors. Corresponding rank1 and rank2 rate metrics are determined which are used for rank determination and user selection.

For MU operation (say UE 1 and UE2), eNB1 can derive the precoding weights for each UE based on some criterion such as maximizing the ratio of the signal power received by desired user UE1 and the interference eNB leaks to the other user UE2. It is well understood that the max-SLNR (Signal to Leakage plus Noise Ratio) criterion leads to a closed form solution, as opposed to using the maximum sum throughout criterion. In particular, the precoding matrices for UE1 and UE2 are determined according to the following maximal SLNRs. 
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where 
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N

denotes the number of receive antennas, 
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account for interference plus noise power per receive antenna at UE1 and UE 2 excluding MU interference. They may be obtained at eNB based on UE’s RSRQ reports, or by reporting interference measurements [10]. For simulation purpose, we assume they are feedback with the same delay and periodicity as that of covariance. 

The closed-from solutions for precoding vectors are
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where 
[image: image9.wmf]a

is a regularization factor, which can be set to 1 and 
[image: image10.wmf]()

eigM

is the operation that obtains Eigen vector corresponding to the largest Eigen value of the input matrix M.  The solution can be shown to be co-linear with both the regularized Zero-forcing beamforming (ZFBF) solution and MMSE-BF solution under a flat-fading channel [11]. We indeed have found near-optimal performance with the above suboptimal approach based on SLNR.
The sum capacity after such beamforming can be approximated to obtain a rate metric associated with each user pair as follows
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where Nr is number of Rx antennas. User pairing could be based on such maximal sum capacity, i.e., selecting the user pair that delivers the best sum rate after including fairness constraints. This is also used as the rate criterion for SU/MU mode selection by comparing with SU rate metrics. 
2.3. CQI/MCS Determination

The above approximate rate metrics are found to work well for mode selection and user pairing. MCS determination at the eNB is also based on the covariance matrix and the interference. However, modified rate metrics are used to reflect decoder performance [7]. Additional outer loop may also be used to further improve CQI prediction if needed. 
For final post-BF MCS determination, the mean SINR for each UE is obtained first, which can be approximated as follows, assuming an MRC receiver.
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.1)

The SINR can be mapped to MCS based on well-known link prediction algorithms. If frequency selective/subband information is available, an SINR corresponding to each subband ‘b’ can be obtained as follows.
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.2)

If an UE is allocated multiple such sub-bands, the MCS for the TB can be determined based on the determined SINRs on the allocated sub-bands using EESM/MIESM (Ex: [8]

 REF _Ref233472198 \r \h 
 \* MERGEFORMAT [9]). 
3. Simulated Performance Results for ITU channel models
The simulations are based on IMT-A document [2] with other key simulation assumptions outlined in Table A1 in ANNEX A.  Overhead assumptions are given in [14].
The simulation results are shown in Tables 1 and 2 using antenna configuration:

· 4-element co-polarized array with 0.5( spacing

The scheduler parameters are chosen in order to meet both the average sector throughput and cell-edge user ITU throughput requirements.  The same scheduler parameters were used in all cases.  Table 1 give enhanced MU-MIMO LTE-A results.
Table 1 - 4x2 MU-MIMO SB,  FDD, Co-polarized 0.5(, 
	Environ.
	Cell SE

(bps/Hz/cell)
	5% UE SE

(bps/Hz/cell)
	IMT-A 

Cell SE

(bps/Hz/cell)
	IMT-A

5% UE SE

(bps/Hz/cell)

	InH
	5.42
	0.212
	3
	0.1

	UMa
	1.92
	0.047
	2.2
	0.06

	UMi
	2.89
	0.105
	2.6
	0.075

	RMa
	2.32
	0.058
	1.1
	0.04


The corresponding Release 8 baseline results are given in Tables 2 below.

Table 2 - 4x2 Rel-8 SU-MIMO WB PMI, FDD, Co-polarized 0.5(
	Environ.
	Cell SE

(bps/Hz/cell)
	5% UE SE

(bps/Hz/cell)
	IMT-A 

Cell SE

(bps/Hz/cell)
	IMT-A

5% UE SE

(bps/Hz/cell)

	InH
	4.67
	0.218
	3
	0.1

	UMa
	1.63
	0.051
	2.2
	0.06

	UMi
	2.03
	0.085
	2.6
	0.075

	RMa
	1.73
	0.054
	1.1
	0.04


Table 1 - 4x2 MU-MIMO, FDD, Co-polarized 0.5(, low periodicity and feedback delay

	Environ.
	Cell SE

(bps/Hz/cell)
	5% UE SE

(bps/Hz/cell)
	IMT-A 

Cell SE

(bps/Hz/cell)
	IMT-A

5% UE SE

(bps/Hz/cell)

	UMa
	2.41
	0.075
	2.2
	0.06


The impact of filtering 
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 feedback with a single pole IIR filter are shown in Figure 1.  Note that minimal filtering seems to give the best performance compared to results using a  IIR filter coefficient (beta) in the range of  (0.1 to 1) where beta is applied to the instantaneous value and (1-beta) to the average.  
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Figure 1 – MU-MIMO Throughput per ITU case with a range of IIR filter coefficient values (0.05, 1)
Conclusions

ITU-A performance requirements are achieved with the non-codebook based DL MU-MIMO covariance matrix feedback approach.  The UMa ITU deployment scenario requirements were the most difficult to meet requiring lower periodicity and feedback delay but wideband feedback is adequate in this case (and for RMa too).  Throughput performance for the enhanced MU-MIMO approach is relatively insensitive to IIR filtering of the correlation and interference feedback measurements with best results obtained using minimal filtering.
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Table 1.  Main simulation assumptions

	Number of control symbols
	3

	Base station Tx antenna
	4

	Base station antenna configuration
	i) 4 element co-polarized array with 0.5( (Configuration C)

	UE Rx antenna
	2

	UE Rx antenna configuration
	0.5 (, v-pol for Tx ULA configuration;

0.5 (, x-pol for Tx x-pol configuration

	Channel estimation
	Non-ideal;  
DRS based, 2D-MMSE on a single RB 

	Receiver algorithm
	MRC for SU Rank 1; 

MMSE for MU and SU Rank 2

	Precoding
	Non-codebook based with covariance feedback

	Feedback information
	Covariance matrix, Interference Measurements

	Feedback periodicity
	5 ms

	Feedback delay
	3 ms

	Feedback error
	Not modeled

	Frequency selective scheduling
	Yes for InH, UMi, Uma, RMa
w/o FSS for Rma

	Subband size
	6 RB

	Scheduling fairness
	Proportional fair, fairness factor = 1.4
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