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1. Summary
In [1] and [2] we proposed the S-VAP based multi codeword scheme for E-UTRA downlink MIMO. The S-VAP has two outstanding features that significantly improve the multi codeword based SU-MIMO performance:
· Layer permutation and spatially differential CQI feedback 

· Virtual antenna subset selection ,which implements both rank adaptation and primitive precoding, efficiently utilizing power amplifiers
 In [3]-[8], we carried out an extensive simulation study to compare layer permutation and non-permutation in the single-path uncorrelated channel, single-path correlated channel, multi-path uncorrelated channel, and multi-path correlated channel for 2x2, 4x2, and 4x4 antenna configurations.
Based on the results in [3]-[8] and the results in Section 3 of this contribution, we conclude the following:

· Layer permutation and spatially differential CQI feedback based scheme significantly reduces the uplink feedback overhead compared to the non-permutation based scheme without hurting the SU-MIMO throughput performance.

· Layer permutation significantly improves the SU-MIMO throughput performance in the med-to-high Doppler channel due to the increased diversity per layer, where the CQI feedback starts to be stale.
· Layer permutation and spatially differential CQI structure (i.e., base layer CQI which reflects the SINR averaged over all the selected layers without SIC and delta CQI which reflects the average SIC gain between layers) can support a variety of receiver architectures such as MMSE-SIC, linear MMSE, and (low-complexity or full-complexity) ML receiver with almost perfect CQI(s)
Therefore, we propose to adopt the layer permutation and spatially differential CQI feedback as the baseline SU-MIMO component for the E-UTRA downlink. 
2. Simulation Set-up

In [3]-[8], we showed that the layer permutation and spatially differential CQI feedback can significantly reduce the uplink feedback overhead, providing a comparable performance in the low Doppler (3km/h) channel with respect to the non-permutation and full CQI feedback. In the med-to-high Doppler (30km/h) channel, the layer permutation based scheme can even provide the better throughput performance than the non-permutation based scheme.

In the following, we complete the simulation study by showing that the layer permutation and spatially differential CQI based scheme provides a significant throughput performance gain over the non-permutation and full CQI based scheme when the same amount of feedback is used. 
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:

· 4x4 (maximum 4 layers) antenna configurations 

· 4x time-frequency scattered FDM pilot structures

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

· Bandlimited white interference and noise

· 5MHz BW frequency-flat Rayleigh fading channel and SCM-C channel [9] – 3kmph

· Channel estimator length – 15 OFDM symbols

· Feedback delay for CQI and preferred virtual antenna subset – 6 TTIs (i.e., 3ms)
· Generation frequency for CQI and preferred virtual antenna subset – once per TTI

· Generation of CQI and preferred virtual antenna subset –  Modulation order constrained (up to 64QAM) 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 – 10% BLER target after the first transmission 

· Signal detection – MMSE-SIC and linear MMSE for S-VAP [1] and S-PARC

· Transmit precoding for S-VAP – virtual antenna subset selection with DFT signaling matrix

· Sub-band scheduling – 3 subbands are assumed in 5MHz system BW, each of which having 1.5MHz BW.

	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

	Pilot tones per symbol
	48

	Pilot Ec/Ior
	- 8.23 dB


Table 1
Evaluation Numerology
	Data tones per symbol per antenna per subband
	80

	Data Ec/Ior per subband
	- 6dB


Table 2
DL Data Resource Allocations for Simulation

	Packet format index
	Spectral efficiency per antenna on the

 1st transmission

(bits/tone)
	Payload size per antenna

(80 tones/OFDM symbol,

7 OFDM symbols/TTI)
	Modulation order

	0
	0.259
	145
	2

	1
	0.396
	222
	2

	2
	0.487
	272
	2

	3
	0.579
	324
	2

	4
	0.703
	394
	2

	5
	0.841
	471
	2

	6
	0.969
	543
	2

	7
	1.118
	626
	2

	8
	1.278
	716
	2

	9
	1.444
	809
	4

	10
	1.754
	982
	4

	11
	1.971
	1104
	4

	12
	2.204
	1234
	4

	13
	2.447
	1370
	6

	14
	2.683
	1502
	6

	15
	2.922
	1636
	6

	16
	3.296
	1846
	6

	17
	3.571
	2000
	6

	18
	3.828
	2144
	6

	19
	4.115
	2304
	6

	20
	4.399
	2463
	6

	21
	4.681
	2621
	6

	22
	4.961
	2778
	6

	23
	5.224
	2925
	6

	24
	5.461
	3058
	6

	25
	5.653
	3166
	6

	26
	5.801
	3249
	6

	27
	5.900
	3304
	6

	28
	5.956
	3335
	6

	29
	5.984
	3351
	6

	30
	5.996
	3357
	6

	31
	6.000
	3360
	6


Table 3
MCS Table
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 (i.e., average SIC gain between layers) description in the MMSE-SIC based S-VAP scheme. Therefore, S-VAP needs 8 bits to report CQI for the 4x4 configuration.  

We took a primitive precoding (i.e., virtual antenna signalling) by use of a fixed 4x4 DFT matrix for S-VAP. Virtual antenna subset selection needs 4 additional antenna subset indication (ASI) bits on top of CQI bits for the 4x4 configuration. Depending on the rank adaptation rate, the 4 bits may be reported either as often as the CQI or more slowly. Table 4 and Table 5 summarize the overall CQI/precoding feedback overheads assumed in the simulations for the MMSE-SIC receiver and the linear MMSE receiver, respectively.
	Feedback overhead  for 
4x4 S-VAP-MMSE-SIC
	8 bits (5 bits average CQI + 3 bits delta CQI)

+ 

4 bits (virtual antenna subset selection)

	Feedback overhead for 
4x4 S-PARC-MMSE-SIC

	20 bits (5 bits per antenna)

or

12 bits (3 bits per antenna)

or

8 bits (2 bits per antenna)


Table 4
CQI/Precoding feedback overhead for MMSE-SIC receiver (Figure 1)

	Feedback overhead  for 
4x4 S-VAP-MMSE
	5 bits average CQI

+ 

4 bits (virtual antenna subset selection)

	Feedback overhead for 
4x4 S-PARC-MMSE
	20 bits (5 bits per antenna)



	Feedback overhead for 

4x4 S-PARC-MMSE 

with Max CQI Only
	5 bits max CQI

+

4 bits ((virtual) antenna subset selection)


Table 4
CQI/Precoding feedback overhead for linear MMSE receiver (Figure 2)
3. Simulation Results

Figure 1 shows that the S-VAP scheme with an 8-bit CQI and a 4-bit ASI significantly outperforms the S-PARC with a similar feedback overhead when an MMSE-SIC receiver is used. The performance of the S-VAP is comparable to that of the S-PARC using 4 sets of full CQI feedback (20 bits).
Figure 2 shows that the S-VAP scheme with a 5-bit average CQI and a 4-bit ASI significantly outperforms the S-PARC scheme with a 5-bit maximum CQI and a 4-bit ASI when a linear MMSE receiver is used. Note that the throughput performance of S-VAP is even higher than that of the S-PARC with 4 sets of full CQI feedback (20 bits), which is not observed in Figure 1. We think that the well-controlled HARQ termination among multiple layers which originates from the layer permutation of the S-VAP scheme can minimize the non-negligible HARQ resynchronization loss (blanking loss) of the linear MMSE receiver [10]. 

The layer permutation and spatially differential CQI feedback enables the S-VAP scheme to significantly outperform the non-permutation based multi codeword MIMO schemes for the same number of feedback overhead. 
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Figure 1
Throughput vs. geometry (4x4, 3km/h, SCM-C[9], MMSE-SIC receiver, S-VAP needs 8-12 bits feedback.)
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Figure 2
Throughput vs. geometry (4x4, 3km/h, i.i.d flat Rayleigh channel, linear MMSE receiver)
4. Conclusions

We compared throughput performances between the layer permutation and spatially differential CQI feedback based scheme (S-VAP) and the non- permutation and full CQI feedback based scheme (S-PARC). With a similar feedback overhead, the layer permutation and spatially differential CQI based scheme significantly outperforms the non-permutation based scheme. 

The layer permutation (or codeword permutation) and spatially differential CQI can be applied to a variety of multi-codeword schemes, even when the allowed number of codewords is smaller than the number of antennas [11], and it does not degrade the performance in a variety of potentially popular receiver architectures such as the linear MMSE, MMSE-SIC, and low- or full-complexity ML receivers. 

Therefore, we propose to adopt the layer permutation and spatially differential CQI feedback as the baseline SU-MIMO component for the E-UTRA downlink. We can potentially consider a further reduction of feedback overhead by exploiting the channel correlation in time and frequency on top of the spatially differential CQI structure.
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� We used additional 4 bits on top of the CQI bits to indicate the (virtual) antenna subset in the S-PARC. Thus, the actual number of feedback bits for S-PARC is 24 bits, 16 bits, and 12 bits in the simulation. In the case of 20-bit CQI feedback, the antenna subset information can be implicitly delivered with a minimal impact on the performance by including the zero rate in the CQI format. But the actual S-PARC performances for the 12-bit CQI and 8-bit CQI will be worse than the results shown in Figure 1. 
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