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1
Introduction
In [1]-[2] we showed that the transmitter precoding does not provide a meaningful gain compared to the S-VAP scheme which uses a single fixed transformation matrix in the 2x2 or 4x4 antenna configurations. The conclusion was valid in various channel models including the frequency-selective TU, link-level SCME [3], and correlated frequency flat channel [2]. 

In this contribution we present more evaluation results including the comparison between precoded S-VAP (MCW) and precoded VAS (SCW) to confirm the value of precoding and SIC operation in the E-UTRA DL MIMO. The performance of precoding with the frequency selective scheduling is also evaluated.   
2
Extension of S-VAP to Matrix Selection Based Precoding

In [4] we proposed a baseline S-VAP scheme and presented an extension to support a matrix selection based precoding, which can potentially be applied to the precoding-based DL SDMA operation. Figure 1 and Figure 2 reproduce the baseline S-VAP scheme and the proposed extension, respectively. In the figures, we denote the number of physical transmit antennas by Mt, the number of available virtual transmit antennas by Me, and the number of simultaneously transmitted layers by M. A broadband pilot is provided from each of Me virtual antennas in order to estimate the channel from that antenna.
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Figure 1
Transmitter structure for baseline S-VAP [4].
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Figure 2

An example of transmitter structure for pre-coded S-VAP [4]. (Me shall be Mt. Common pilots are not precoded.)
3
Simulation Assumptions
Simulation set-up is the same as in [1]-[2]. Table 1 and Table 2 describe the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:

· 4x2 (2 layers), and 4x4 (4 layers) antenna configurations 
· 4x time-frequency scattered FDM pilot structure

· Pilot and data tones are uniformly spaced across the entire band

· Bandlimited white interference and noise

· 5MHz BW SCM-B (4x2) [3], and SCM-D (4x4) [3] – 3kmph
· Channel estimator length – 15 OFDM symbols

· Feedback delay for CQI, preferred virtual antenna subset, and preferred precoding matrix – 2 TTIs

· Feedback frequency for CQI, preferred virtual antenna subset, and preferred precoding matrix – once per TTI

· Generation of CQI, preferred virtual antenna subset, and preferred precoding matrix – capacity formula based effective SINR method averaging the MMSE output SINR of individual tones

· Number of  parallel H-ARQ processes – 6

· Maximum number of retransmissions – 4 (including the first transmission)

· Adaptive H-ARQ BLER control – 20% BLER target after the first transmission 

· Signal detection – MMSE-SIC for S-VAP;  linear MMSE for VAS
· Transmit precoding – virtual antenna subset selection with DFT signaling matrix, precoding matrix and column subset selection with the precoding matrices introduced in Section 2.
· Number of precoding matrices – 1 (baseline S-VAP or baseline VAS), 2, 4, 8, and 16

· Subband scheduling – 3 sub-bands in 5MHz system BW (i.e., 1.5MHz BW per subband) if frequency selective scheduling is applied [5].
	Slot duration
	0.5 ms

	TTI
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Full CQI description
	5 bits

	Incremental CQI description
	3 bits

	Precoding matrix description
	1, 2, 3, 4 bits

	Antenna subset selection
	4 bits


Table 1

Evaluation Numerology

	
	No Frequency Selective Scheduling
	Frequency Selective Scheduling

	Pilot tones per symbol per antenna
	12
	12

	Pilot staggering
	4
	4

	Data tones per symbol per antenna
	252
	80

	Pilot Ec/Ior
	- 8.23 dB
	- 8.23 dB

	Data Ec/Ior
	- 3dB
	- 6dB


Table 2
Resource Allocations for Simulation (4x2 and 4x4)
Table 3 describes the MCS format table used for adaptive modulation and coding of each layer, which is composed of 32 entries. Thus, we allocated 5bits for the full CQI description. On the other hand, we allocated 3bits for the incremental CQI description in the MMSE-SIC based S-VAP scheme. Therefore, VAS and S-VAP respectively need 5 bits and 8 bits to report CQI for both 4x2 and 4x4 configurations. 

We took two precoding options for S-VAP and VAS based on the transmitter structure in Figures 2 and 3. A common precoding matrix is used for the entire 5MHz band:

· Virtual antenna subset selection, which is a simplified form of precoding with a single precoding matrix (4x4 DFT matrix, or, virtual antenna signalling matrix). Therefore VAS and S-VAP need 4 additional bits (on top of CQI bits) to feed back the preferred subset for 4x2 and 4x4 MIMO.
· Precoding matrix and column subset selection out of 2, 4, 8, or 16 available precoding matrices. Thus, the precoded VAS and precoded S-VAP need 5-8 additional bits (on top of CQI bits) to feed back the preferred subset and the preferred precoding matrix for 4x2 and 4x4 MIMO. For example, if we use 16 matrices in 4x4 MIMO, we need to feedback 8 bits to identify one of 240 (16 matrices x 15 column subsets) candidates.  
	Packet format index
	Spectral efficiency per antenna on the
 1st transmission

(bits/tone)
	Payload size per antenna

(250 tones/OFDM symbol,

7 OFDM symbols/TTI)
	Modulation order

	0
	0.21
	367
	2

	1
	0.40
	700
	2

	2
	0.48
	840
	2

	3
	0.59
	1032
	2

	4
	0.71
	1242
	2

	5
	0.84
	1470
	2

	6
	1.00
	1750
	2

	7
	1.18
	2065
	2

	8
	1.37
	2397
	4

	9
	1.58
	2765
	4

	10
	1.81
	3167
	4

	11
	2.06
	3605
	4

	12
	2.31
	4042
	6

	13
	2.59
	4532
	6

	14
	2.87
	5022
	6

	15
	3.16
	5530
	6

	16
	3.46
	6055
	6

	17
	3.76
	6580
	6

	18
	4.07
	7122
	6

	19
	4.39
	7682
	6

	20
	4.71
	8242
	6

	21
	5.03
	8802
	6

	22
	5.35
	9362
	6

	23
	5.68
	9940
	6

	24
	6.00
	10500
	6

	25
	6.33
	11077
	6

	26
	6.65
	11637
	6

	27
	6.99
	12232
	6

	28
	7.32
	12810
	6

	29
	7.65
	13387
	6

	30
	7.98
	13965
	6

	31
	8.31
	14542
	6


Table 3
MCS Formats

4
Results
Figures 4-6 plots the throughput vs. geometry of various MIMO schemes in the 3kmph SCM-D and SCM-B channels. 
In Figure 4, we observe that the precoding with the matrix set size of 16 can provide S-VAP with only a marginal gain in the 4x4 SCM-D channel, even though the SCM-D channel has a very low delay spread. This marginal gain cannot justify the increased feedback overhead required for the matrix selection based precoding. In the case of VAS, the 16 precoding matrices slightly improve the performance, but the amount of improvement is not enough to justify the extended precoding compared to the baseline virtual antenna precoding. S-VAP still outperforms VAS in the high geometry regardless of the number of precoding matrices.
On the other hand, Figure 5 shows that the extended precoding can clearly improve the performance (by 1dB or more) in both S-VAP and VAS in the 4x2 SCM-B channel. The SCM-B channel is highly correlated and the channel rank is not greater than 2 even though Node-B has 4 transmit antennas. Therefore, the precoding gain is much more prominent in SCM-B than in SCM-D. The precoded VAS with 16 matrices outperforms the baseline S-VAP, but we still find that the S-VAP always outperforms the VAS for the same number of precoding matrices due to the SIC gain.
Finally, in Figure 6, we evaluated the throughput performance vs. number of precoding matrices in the 4x2 SCM-B channel when a single-user frequency selective scheduling is applied. In the simulation, UE selected the best out of 3 subbands in 5MHz system bandwidth and reported the preferred subband, precoding matrix, column subset, and CQI values for the selected subband. Then, Node-B allocated the reported subband for the UE. As we increase the precoding matrices from 1 (baseline) to 16, we find that the throughput gradually increases in S-VAP. According to Figure 6, the number of precoding matrices should be greater than 2 in order to obtain a noticeable precoding gain over the baseline S-VAP. However, it is difficult to find the optimal number of precoding matrices (in terms of performance and complexity trade-off) in the figure, since we observe that the performance gradually improves as the number of precoding matrices increases without a clear saturation. On the other hand, we believe that it is too many in terms of complexity and feedback overhead if we use more than 16 matrices.
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Figure 4
Throughput vs. geometry (4x2, 3km/h, SCM-D [3])
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Figure 5
Throughput vs. geometry (4x2, 3km/h, SCM-B [3])
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Figure 6
Throughput vs. geometry (4x2, 3km/h, Subband Scheduling, SCM-B[3])

5
Conclusions
In this contribution, we evaluated the link performance of S-VAP (MCW) and VAS (SCW) and its extension to a matrix selection based precoding schemes in the SCME channels [3]. We also evaluated the precoding gain when the system applies the frequency selective scheduling. 

According to the simulation results in the 4x4 SCM-D channel model (as well as the 2x2 and 4x4 i.i.d. TU channel models [1]), we conclude that the baseline S-VAP scheme employing a fixed transformation matrix achieves most of the precoding gain in the typical channels when the number of Node-B transmit antennas is not greater than the number of UE receive antennas. In consideration of the feedback overhead as well as the achievable throughput performances, we propose the baseline S-VAP with a single transformation matrix as the 2x2 and 4x4 SU-MIMO scheme for E-UTRA downlink.
On the other hand, we can get a noticeable precoding gain when the number of Node-B transmit antennas is greater than that of UE receive antennas (e.g., 4x2 SCM-B channel model). Therefore, the extension of the baseline S-VAP to support the matrix selection based precoding is worthy in the 4x2.
We investigated a proper number of precoding matrices that provides a good trade-off between performance and complexity in the 4x2 SCM-B channel with subband scheduling, but the simulation results show that the performance gradually improves in proportion to the number of precoding matrices. We need a further study to determine the maximum number of precoding matrices.
The study on the precoding [1][2][6] shows that at least one unitary precoding matrix with the column subset selection clearly brings out a significant MIMO performance gain in the correlated or rank-deficient channels and efficiently realizes the rank adaptation. The introduction of more complex precoding may or may not further improve the performance depending on the channel environment and the antenna configuration. Therefore, we propose adopting the single unitary matrix with the column subset selection (composed of Mt orthogonal columns for Mt transmit antennas) as the baseline component of the E-UTRA precoding and further extending the number of precoding vectors through the configuration signaled by the broadcast channel [7] or higher layer signaling. 
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