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1
Introduction
QRM-MLD [1] is a low-complexity realization of maximum likelihood detection, which can improve the decoding performance compared to the traditional MMSE spatial equalizer due to an improved signal separation capability. 
In this contribution we evaluate the link performance of the QRM-MLD receiver for E-UTRA downlink MIMO in two cases. First, we show that the QRM-MLD may significantly improve the link performance when the MCS is fixed. Then, we also show that the performance improvement diminishes significantly when the MCS is adaptively selected on the basis of CQI feedback information.
2
Simulation Assumptions
Table 1 describes the common numerology for the link performance simulation. 
	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


Table 1

Evaluation Numerology

Transmitter, channel, and receiver configurations are as follows:

· 2x2 (2 layers), and 4x4 (4 layers) antenna configurations for MCW and SCW MIMO [2][3]
· Nx time-frequency scattered FDM pilot structure, where N is the number of transmit antennas (N = 2, 4)
· Pilot and data tones are uniformly spaced across the entire band

· Bandlimited white interference and noise

· GSM TU channel – 3kmph, 30 kmph

· Channel estimator length – 15 OFDM symbols

· Signal detection – MMSE-SIC for MCW; linear MMSE and QRM-MLD with ASESS [1] for SCW

· Transmit antenna selection – no antenna selection nor rank prediction was used.

· Transmit precoding – no virtual antenna signaling nor any other precoding was used. 

Table 2 shows resource allocations for the BLER simulation with fixed MCS. Data tones are uniformly distributed on the entire 5MHz system bandwidth.
	
	2x2
	4x4

	Pilot tones per symbol per antenna
	25
	12

	Pilot staggering
	2
	4

	Data tones per symbol per antenna
	70
	70

	Pilot Ec/Ior
	- 10 dB
	- 8.23 dB

	Data Ec/Ior
	- 6dB
	- 6dB


Table 2
Resource Allocations for BLER Simulation with Fixed MCS

For the simulations that apply the adaptive modulation and coding, the following configurations are assumed. Table 3 shows resource allocations for the throughput performance simulations with adaptive modulation and coding.
· CQI feedback delay – 2 TTIs

· CQI feedback frequency – once per TTI

· CQI generation – 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 

	
	2x2
	4x4

	Pilot tones per symbol per antenna
	25
	12

	Pilot staggering
	2
	4

	Data tones per symbol per antenna
	250
	252

	Pilot Ec/Ior
	- 10 dB
	- 8.23 dB

	Data Ec/Ior
	- 3dB
	- 3dB


Table 3
Resource Allocations for Throughput Simulation with Adaptive MCS
	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 4
MCS Formats

Table 4 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 MCW scheme. Therefore, SCW needs 5 bits and MMSE-SIC based MCW needs 8 bits for both 2x2 and 4x4 configurations. 

3
Results
Figures 1-6 plot the BLER vs. geometry performances of the SCW MIMO in the 30kmph TU channel, comparing the QRM-MLD receiver and the linear MMSE receiver. In the figures, QRM m indicates that the signal detection was performed by employing the QRM-MLD receiver with m candidates. We simulated the fixed MCS cases of 1/2-code rate 16QAM, 1/2-code rate 64QAM, and 3/4-code rate 64QAM in the 2x2 and 4x4 antenna configurations. The simulation results show that the QRM-MLD receiver clearly outperforms the linear MMSE receiver at the cost of high receiver complexity. The performance improvement is very significant when the code rate is 3/4 with the candidate set size of 64, but the improvement is not very impressive when the code rate is 1/2 even with the candidate set size of 256.
Figure 7 and Figure 8 plot the throughput vs. geometry in the 3kmph and 30kmph channels, respectively, adaptively selecting the MCS on the basis of reported CQI. Figure 7 assumed a perfect prediction of traffic-to-pilot power (T/P) ratio (through a higher layer signalling in advance) in calculating the CQI, while Figure 8 assumed that the actual T/P ratio in the scheduling instant is smaller than the T/P ratio predicted in the CQI calculation instant by 3dB. Therefore, Figure 7 and Figure 8 show the performance results when the CQI feedback is very accurate (slow speed and perfect T/P prediction) and reasonably inaccurate (moderate speed and imperfect T/P prediction), respectively. In the simulations we generated the CQI based on the output SINR of the MMSE spatial equalizer, which is different from the actual output SINR that the QRM-MLD receiver can effectively achieve. However, we could not find any noticeable performance improvement with several variations of the CQI calculation (e.g., CQI generation assuming no inter-stream interference, CQI generation assuming the capacity-achieving receiver, and the others).
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Figure 1
BLER vs. geometry (30km/h, TU, 1/2 code rate, 16QAM, 2x2)
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Figure 2
BLER vs. geometry (30km/h, TU, 1/2 code rate, 64QAM, 2x2)

[image: image3.emf]BLER vs. SNR 

(30km/h, TU, 16QAM, 1/2-Turbo, Ec/Ior=-6dB )

0.001

0.01

0.1

1

3 4 5 6 7 8 9 10 11 12 13 14 15

Ior/No (dB)

BLER

MIMO 4x4 MMSE (SCW)

MIMO 4x4 QRM-32 (SCW)

MIMO 4x4 QRM-64 (SCW)


Figure 3
BLER vs. geometry (30km/h, TU, 1/2 code rate, 16QAM, 4x4)
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Figure 4
BLER vs. geometry (30km/h, TU, 1/2 code rate, 64QAM, 4x4)
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Figure 5
BLER vs. geometry (30km/h, TU, 3/4 code rate, 64QAM, 2x2)
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Figure 6
BLER vs. geometry (30km/h, TU, 3/4 code rate, 64QAM, 4x4)
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Figure 7
Throughput vs. geometry (3km/h, TU, Adaptive Modulation and Coding)
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Figure 8
Throughput vs. geometry (30km/h, TU, Adaptive Modulation and Coding)
Simulation results show that the QRM-MLD receiver generally yields the throughput higher than the linear MMSE receiver but lower than the MMSE-SIC receiver.  Especially, the QRM-MLD receiver significantly improves the throughput performance in the low and very high geometry with respect to the linear MMSE receiver but the improvement is marginal in the medium-high geometry, which is related to the MCS selection statistics for each geometry. 
In the low geometry, the modulation order of the selected MCS is typically low enough to enable the QRM-MLD to achieve nearly the ML detection performance. In the very high geometry, the code rate of the selected MCS is typically so high that the channel coding cannot strongly protect the information bits. Thus, the enhancement of the front-end demodulator significantly improves the overall decoding performance. As the QRM-MLD is an enhancement of the demodulator, the performance improvement should be outstanding for the high code rate.  
On the other hand, in the medium-high geometry (e.g., around 15dB in the figures), the modulation order is high and the code rate is low, which diminishes the gain of the QRM-MLD based enhanced demodulator.  
4
Conclusions
In this contribution, we evaluated the performance of the QRM-MLD receiver for E-UTRA downlink MIMO. The QRM-MLD receiver clearly outperforms the linear MMSE receiver in terms of BLER performance for a fixed MCS. In terms of throughput performance, the QRM-MLD receiver with acceptable complexity lies between the linear MMSE receiver and the MMSE-SIC receiver. Therefore, the QRM-MLD may be used for an enhancement of the SCW MIMO receiver. However, the performance of the QRM-MLD receiver is still worse than that of the MMSE-SIC receiver with the adaptive modulation and coding and HARQ operation except for low geometry cases.  
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