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1 Introduction
The performance of a closed-loop MIMO-OFDM system is improved through the knowledge of the channel state information at the transmitter. In LTE downlink, a precoding matrix indicator (PMI) corresponding to the actual channel is reported by the UE to the eNodeB per group of sub-bands, where a sub-band is a predefined frequency resource.

In this contribution we study the performance of downlink closed-loop SU-MIMO with frequency selective precoding. The work aims at assessing the performance of the compression schemes discussed in [1], [2].
2 Motivation
In E-UTRA, both frequency selective and frequency non-selective precoding are supported for downlink SU-MIMO [3]. It has also been recently agreed that, for CQI and PMI frequency selective reports, the sub-band size of the two reports are identical. One important issue is the uplink signaling overhead due to the PMI feedback. The latter should be minimized while maintaining a sufficient precoding gain. 

A natural question is whether the compression schemes used for CQI feedback are relevant for PMI report. To reduce the amount of feedback, different compression schemes have been proposed for MIMO precoding. These schemes rely on the time domain or frequency domain correlation of the MIMO-OFDM channel.
3 PMI Compression Scheme 

In [1], [2], a compression scheme based on differential encoding was used to report the PMI for different sub-bands. The main motivation behind this scheme is that the sequence of the channel precoding matrices is correlated over frequency. Assume a codebook 
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, as the predefined set of precoding matrices. Once we have found the optimal precoding matrix for an initial sub-band (optimal with respect to some performance criteria as maximizing throughput or minimizing the mean-square error), the search for the optimal precoding matrix for the adjacent sub-band can be done on a subset of C of size 
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, which makes the indexing less expensive. Assuming that the sequence of preferred channel precoding matrices is correlated over frequency, the subset of precoding matrices is chosen to contain the matrices that are the most correlated with the initial precoding matrix. For each precoding matrix index 
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 is determined, which contains the 
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 precoding matrices most correlated with the precoding matrix 
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. The correlation is computed as the inner product between two precoding matrices, defined as 
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, where superscript 
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 indicates conjugate transpose and 
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 denotes the Frobenius norm. With this approach, only the offset of the precoding matrix index is sent (the indication of the matrix within the subset 
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), instead of the index itself. Therefore, if the initial precoding matrix requires 
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bits to be encoded, the PMI feedback for each subsequent sub-band requires only 
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Simulations have been performed to assess this compression scheme in the frequency domain and its suitability for frequency selective PMI feedback. To this end, we have used a Markov model to obtain the transition probabilities for the selection of a subset of precoding matrices. We have also computed from simulation the steady-state conditional probability defining the event that on a given sub-band the optimal PMI is 
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, knowing that the initial PMI is 
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. By forming the corresponding steady-state transition matrix, we have then determined which ones are the most likely transitions for each precoding matrix. From these probabilities, one can build the subset of the most likely precoder transitions to use for adjacent sub-bands. 
4 Simulation assumptions and results
A 4×2 MIMO system has been considered for simulation. The precoding codebook is defined in Table 1, where, for a given vector 
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 [4]. A 2-layers codebook has been assumed, but the same approach could be considered for different values of the channel rank.
The codebook of Table 1 is of size 16, and 4 bits are needed to encode the PMI over each sub-band. A 5 MHz channel bandwidth has been considered, corresponding to 25 RBs. One PMI report refers to one sub-band, defined as a group of 5 RBs. In the case of differentially encoded PMIs, the PMI corresponding to the left-most sub-band is encoded using 4 bits, where the PMIs of the following sub-bands are encoded differentially with respect to the respective left adjacent sub-band using 2 bits.

Table 2 contains for each precoding matrix index 
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 the index of the 4 most correlated precoding matrices in descending order. Based on this information, a subset 
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 is built for each matrix
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, where the size of 
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 is 4 since the delta PMI is encoded with 2 bits.

The transition probabilities 
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, i.e., the probability that the current channel precoding matrix index is 
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, knowing that the previous precoding matrix index is 
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, have been obtained from simulation. These transition probabilities 
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 have been then used to determine the subset of precoding matrices that are more likely to be chosen as preferred precoding matrices after the initial precoding matrix. Hence, the most likely precoding matrices for the PMI of the adjacent sub-band are determined for each matrix index from the steady-state transition probabilities.
The subset 
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 is computed as
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In the simulations we have assumed 
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= 16 and 
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= 4. Other simulation assumptions are summarized in Table 4.
Table 1 – Codebook for a 2-layer 4x2 MIMO system.
	Codebook index
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Table 2 – Codebook correlation subsets.
	Codebook index
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	0
	0   5   6  15

	1
	1   5   7  15

	2
	2   6  15 14

	3
	3   4   7  15

	4
	4   9   2   1

	5
	5   9   3   2

	6
	6   9  14 13

	7
	7   1   2   0

	8
	8   5   4   6

	9
	9   7  15 14

	10
	10  6   5  15

	11
	11  7   5  15

	12
	12  7   5   4

	13
	13  7   4  15

	14
	14  7   5  15

	15
	15  7  14 13


Table 3 shows the subsets 
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derived from the steady-state transition matrix, as obtained by simulation. It is clear from these results that the subsets 
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are not optimal. This does not confirm the validity of the approach based on the assumption that the PMI indices are correlated over frequency. The small performance degradation obtained in [1], [2] is due to the fact that the performance is robust with respect to a reduction of the codebook size, and cannot be exclusively attributed to the correlation of the PMI indices in the frequency domain. 

Table 3 – Codebook transition probabilities subsets.
	Codebook index
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	0
	0   7  13  6

	1
	1   8  14  2

	2
	2  14 10  5

	3
	3   1   8   5

	4
	4  11  0   9

	5
	5   8   1  10

	6
	6   1  13 14

	7
	7  14 12 10

	8
	8   9   1  15

	9
	9   7   0   2

	10
	10 15  7   4

	11
	11  9   5   7 

	12
	12  1  10  6

	13
	13  1   0   6

	14
	14  3   6   7

	15
	15 10  5   2


Table 4 – Simulation parameters.
	Parameter
	Assumption/Value

	Carrier frequency
	2 GHz

	Sampling frequency
	7.68 MHz

	Transmission bandwidth
	5 MHz

	TTI length
	1 ms

	Number of occupied subcarriers
	300

	FFT block size
	512

	Channel model
	TU6 delay profile, 3 km/h

	Antenna configurations 
	 4 x 2

	Fading correlation between transmit and receive antennas
	0

	MIMO receiver
	MMSE equalizer

	PMI frequency granularity
	5 RBs

	PMI bit length
	4 bits

	Delta PMI
	2 bits

	Feedback error/delay
	None (Ideal feedback)

	Channel Estimation
	Ideal channel estimation


Based on the collected simulation results, we conclude that other compression schemes based on alternative criteria/metrics would need to be considered for frequency selective PMI feedback. The frequency domain compression method based on subsets of precoding indices derived from the codebook correlation has limitations, also due to the fact that grouping of frequency RBs for PMI report is done in order to obtain adjacent sub-bands that are only loosely correlated. We also observe that the subsets based on codebook correlation are fixed, i.e., do not take into account variation of channel profile and/or transmission bandwidth/sub-band width.

5 Conclusions
In this contribution we have addressed the performance of downlink closed-loop SU-MIMO with frequency selective precoding, and assessed the effectiveness of the PMI compression scheme that relies on the correlation in the frequency domain by using a fixed precoding matrix subset. We have identified limitations of the above method. Given the importance of an efficient PMI compression schemes, other criteria/metrics should be considered to reduce the signaling overhead of frequency selective precoding.
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