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1. Introduction

This contribution is an extension of our previously presented results on the benefits of frequency selective feedback for precoding in the E-UTRA downlink [1]

 REF _Ref161798629 \r [2]. There, we showed that frequency selective feedback considerably improves the performance of precoding for MIMO spatial multiplexing even with the constraint of a low feedback bit rate at low and moderate UE velocities.

In this document we show that two parameters significantly influence the precoding performance depending on the actual channel conditions, namely the frequency granularity and the updating interval. The codebook also plays an important role in this discussion as will be shown by the comparison of a DFT based codebook and a simple antenna selection codebook. We therefore come to the conclusion that both the frequency granularity and the updating interval should be adapted to the channel conditions experienced by a UE under the constraint of the allowable feedback bit rate and the used codebook.

In the following, we investigate the influence of the frequency granularity and updating interval for MIMO spatial multiplexing using 4 Tx antennas and 2 Rx antennas for the transmission of 2 streams. We consider a variety of UE velocities, feedback bit rates and two different codebooks.

2. 4x2 MIMO spatial multiplexing with linear precoding

Precoding is a technique for improving MIMO spatial multiplexing performance by adapting the transmitted signal to the current channel state, i.e. the MIMO channel matrix. Therefore, the transmitter needs to have channel state information, which must be obtained by receiver feedback in a FDD system. In this contribution we study linear, codebook based precoding, where the receiver indicates a preferred precoding matrix to the transmitter. The preferred precoding matrix, chosen according to some selection criterion, is one out of a set of unitary matrices (codebook). Thus, the number of feedback bits for one preferred precoding matrix is 
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 is the codebook size (number of codebook entries). 

The investigated MIMO spatial multiplexing setup uses 4 Tx antennas and 2 Rx antennas for the transmission of two separately encoded streams (multiple codewords, MCW). The received signal 
[image: image3.wmf]T

l

k

r

l

k

r

l

k

]

)

,

(

)

,

(

[

)

,

(

2

1

=

r

 on subcarrier 
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 in OFDM symbol 
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 can be written without the receiver noise as
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with the column vector 
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 containing the QAM symbols of stream 1 and 2, the channel matrix 
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 chosen from the codebook 
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We use two different codebooks. The first codebook is labeld RegularDFT16 in the following. It is constructed by taking six possible subsets of two columns from the three 4x4 matrices 
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. Note that only four subsets are taken from 
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, in order to obtain 16 codebook entries. The construction of the RegularDFT16 codebook is similar to [4]. Note that this codebook is defined as the set of 16 4x2 matrices, and therefore the codebook size corresponds directly to the number of precoding options. The second codebook is the physical antenna selection codebook from [3] with 6 entries for the case of 4 Tx antennas and rank 2. It will be labeled AS6 codebook in the following.

The receiver chooses the preferred precoding matrices from the codebook in the desired frequency granularity and updating interval based on the Minimum Singular Value Criterion in [5] using the estimated channel matrix. We assume that the feedback is error-free and has no delay, i.e. the transmitter uses a reported precoding matrix in the next subframe following its selection. For the size 16 RegularDFT16 codebook, a 4 bit feedback per precoding matrix is required, whereas the size 6 AS6 codebook requires a 3 bit feedback. 

3. Adapting subcarrier granularity and updating interval

3.1. 3 km/h UE velocity

First we look at the low UE velocity of 3 km/h. Simulation parameters are given in Table 1 in the appendix. BLER vs. SNR is plotted in Figure 1 for the RegularDFT16 codebook and in Figure 2 for the AS6 codebook. Two frequency granularities for precoding are considered: 5 resource blocks and 25 resource blocks (RB). The latter means that there is one common feedback for all resource blocks in the 5 MHz bandwidth. For both codebooks we see an advantage of using the finer frequency granularity of 5 RB. For one of the 5 RB curves (the one in red) the total feedback bit rate (4 kbit/s for RegularDTF16 and 3 kbit/s for AS6) is the same as for the 25 RB curve by using an increased updating interval (UI) of 5 TTI. So the finer frequency granularity does not come at an extra cost in feedback bit rate. Choosing a higher feedback bit rate for the 5 RB granularity by setting the updating interval to one TTI does not give any additional performance gain. So obviously for low UE velocity, the available feedback bit rate should be used to provide a good frequency resolution rather than a good time resolution.
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Figure 1: BLER vs. SNR for RegularDFT16 codebook for UE velocity of 3 km/h
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Figure 2: BLER vs. SNR for AS6 codebook for UE velocity of 3 km/h

3.2. 30 km/h UE velocity

Next we look at the moderate UE velocity of 30 km/h. BLER vs. SNR is plotted in Figure 3 for the RegularDFT16 codebook and in Figure 4 for the AS6 codebook. Here, the trade-off between frequency and time resolution turns out to be codebook dependent. 

Let us first look at the RegularDFT16 codebook with the results in Figure 3. For a common feedback bit rate of 4 kbit/s, the feedback scheme with the fine 5 RB granularity and the large updating interval of 5 TTI (red curve) gives a gain of 0.6 dB at 10% BLER over the scheme with a common feedback over all resource blocks and a short updating interval of 1 TTI (blue curve). However, if a feedback bit rate of only 2 kbit/s is allowed, the picture changes a bit. Now the feedback scheme with the fine 5 RB granularity and the updating interval of 10 TTI (magenta curve) has only a small gain of 0.2 dB at 10% BLER over the scheme with a common feedback and a short updating interval of 2 TTI (cyan curve). 

Now we consider the AS6 codebook with the results in Figure 4. For 3 kbit/s, the feedback scheme with the fine 5 RB granularity and the large updating interval of 5 TTI (red curve) gives only a small gain of 0.1 dB at 10% BLER over the scheme with a common feedback over all resource blocks and a short updating interval of 1 TTI (blue curve). If the feedback bit rate is reduced to 1.5 kbit/s, it turns out that the scheme with a common feedback over all resource blocks and a short updating interval of 2 TTI (cyan curve) is by 0.4 dB at 10% BLER better than the scheme with the fine 5 RB granularity and the updating interval of 10 TTI (magenta curve). Obviously, the preferred feedback scheme depends on the available feedback bit rate for the AS6 codebook.

For both codebooks we observe in the 30 km/h scenario, that an increase in the feedback bit rate to 20 kbit/s or 15 kbit/s, respectively, leads to an increased precoding performance, whereas the increase in feedback bit rate was not reflected in a performance increase in the 3 km/h scenario.
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Figure 3: BLER vs. SNR for RegularDFT16 codebook for UE velocity of 30 km/h
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Figure 4: BLER vs. SNR for AS6 codebook for UE velocity of 30 km/h

3.3. 50 km/h UE velocity

For an even higher UE velocity of 50 km/h BLER vs. SNR is plotted in Figure 5 for the RegularDFT16 codebook and in Figure 6 for the AS6 codebook. 

At this high UE velocity with the RegularDFT16 codebook, the feedback scheme with the fine 5 RB granularity and the large updating interval of 4 TTI (red curve) still gives a small gain of 0.2 dB at 10% BLER over the scheme with a common feedback over all resource blocks and a short updating interval of 1 TTI (blue curve) at the feedback bit rate of 4 kbit/s. 

For the AS6 codebook it is the other way round, and we observe a 0.3 dB gain at 10% BLER for the scheme with a common feedback over all resource blocks and a short updating interval of 1 TTI (blue curve) over the scheme with the fine 5 RB granularity and the updating interval of 5 TTI (red curve).

Again we observe that the preferred feedback scheme depends on the selected precoding codebook. 

As before for 30 km/h, a further increase in the feedback bit rate to 20 kbit/s or 15 kbit/s, respectively, gives an increased precoding performance.
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Figure 5: BLER vs. SNR for RegularDFT16 codebook for UE velocity of 50 km/h
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Figure 6: BLER vs. SNR for AS6 codebook for UE velocity of 50 km/h

4. Conclusion

Our simulations have shown that the preferred feedback scheme, i.e. the trade-off between frequency and time resolution, depends on the UE velocity, the available feedback bit rate per UE and also on the used codebook. We therefore suggest to adapt the time and frequency resolution taking into account to these parameters.
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Appendix: Simulation parameters

Table 1: General simulation parameters

	Parameter
	Setting

	Transmission bandwidth
	5 MHz

	FFT size
	512

	TTI length
	1.0 ms (1 subframe)

	Cyclic prefix
	Short cyclic prefix

	Modulation scheme
	QPSK, code rate 1/3

	Turbo encoding
	HSDPA-like turbo encoding

	Channel estimation
	Ideal channel estimation

	Turbo decoding
	MaxLogMAP algorithm, max. 8 iterations

	Antenna configuration
	4x2

	No. of streams
	2

	Channel model
	SCME urban macro, 3 km/h, 30 km/h, 50 km/h

	Tx antenna separation
	4λ

	Rx antenna separation
	0.5λ

	Transmission scheme
	Precoded MIMO spatial multiplexing with multiple codewords (MCW)

	MIMO receiver
	Linear ZF receiver
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