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Performance evaluation of DL OL SU-MIMO Transmit Scheme
Yinggang Du, Hongjie Si, Yinwei Zhao, Xin Chang, Yang Tang
Huawei
Ying Du
CATR

1. Introduction
We propose a 4Tx antennas rate2 scheme to be included in the SDD document.
2. Multiplexing scheme with 4 TX antennas and rate 2
Here we provide our simulation results on different rate 2 OL SU MIMO schemes: Double Space Time Transmit Diversity (DSTTD), Random Beamforming(RBF), and Spatial Multiplexing with Antenna Hopping (SM+AH).
2.1 Simulation assumptions
The simulation assumptions as following：
	Parameters
	Value

	FFT Size
	1024

	Bandwidth
	10M

	Carrier frequency
	2.5G

	Number of transmit antennas
	4

	Number of receiver antennas
	2

	Resource block
	18subcarriers X 6 OFDM symbols

	Channel encoding
	CTC as in IEEE 802.16e

	Modulation 
	QPSK

	Code rate
	1/2


	Receiver Type
	L-MMSE

	The channel estimation
	Linear interruption 

	Channel Model
	PED B-3km/hr and VEH A -60km/hr

	The correlation of channel
	Uncorrelated and correlated (According to EMD profile specified in 3.2.8.) 

	Pilot pattern and density
	According to SDD pilot specified in the following

	Simulation

Scheme
	DSTTD
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	Antenna Hopping
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	RBF
	P(k) = D(k)W(k). [1] [2]


[1] Description RBF as following：
1. Precoded demodulation pilot shall be used for OL-SU-MIMO, in other words, demodulation pilots (channel estimation purpose) are precoded with same precoder, P(k) = D(k)W(k) 

2. W(k) should be chosen based on CL-SU-MIMO codebook （DFT or 16e codebook）or its subset
3. Size of u should be one or multiple of Psc (18 contiguous subcarriers)
4. θ0 = 0, θ1 = -2πD/Nfft, θ2 =2θ1, θ3 =3θ1, with D should be zero or small number (e.g. 2 or 4) where Nfft is FFT size. The value of D adopts 2 in simulation.
5. Size of k should be 1
[2] Codebook for 4-antenna BS in DL
The Matrix codebook is a DFT codebook with QPSK and 8PSK alphabet and a block diagonal structure.
Let us define the rotation matrix and QPSK DFT matrix as 
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The codebook matrices are 
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Mapping from Matrix codebook to transmit SU MIMO codebook is specified in Table A.2.
Table A.2 – SU MIMO Codebook for 4-antenna BS in DL
	Transmit Codebook Index
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	C1,1 =W1(:,2)
	C1,2 =W1(:,12)
	C1,3 =W1(:,123)
	C1,4 =W1(:,1234)

	2
	C2,1 =W1(:,3)
	C2,2 =W1(:,13)
	C2,3 =W1(:,124)
	C2,4 =W2(:,1234)

	3
	C3,1 =W1(:,4)
	C3,2 =W1(:,14)
	C3,3 =W1(:,134)
	C3,4 =W3(:,1234)

	4
	C4,1 =W2(:,2)
	C4,2 =W1(:,23)
	C4,3 =W1(:,234)
	C4,4 =W4(:,1234)

	5
	C5,1 =W2(:,3)
	C5,2 =W1(:,24)
	C5,3 =W2(:,123)
	C5,4 =W5(:,1234)

	6
	C6,1 =W2(:,4)
	C6,2 =W1(:,34)
	C6,3 =W2(:,124)
	C6,4 =W6(:,1234)

	7
	C7,1 =W3(:,1)
	C7,2 =W2(:,13)
	C7,3 =W2(:,134)
	n/a

	8
	C8,1 =W4(:,1)
	C8,2 =W2(:,14)
	C8,3 =W2(:,234)
	n/a

	9
	C9,1 =W5(:,1)
	C9,2 =W2(:,23)
	C9,3 =W3(:,123)
	n/a

	10
	C10,1 =W5(:,2)
	C10,2 =W2(:,24)
	C10,3 =W3(:,134)
	n/a

	11
	C11,1 =W5(:,3)
	C11,2 =W3(:,13)
	C11,3 =W4(:,123)
	n/a

	12
	C12,1 =W5(:,4)
	C12,2 =W3(:,14)
	C12,3 =W4(:,134)
	n/a

	13
	C13,1 =W6(:,1)
	C13,2 =W4(:,13)
	C13,3 =W5(:,123)
	n/a

	14
	C14,1 =W6(:,2)
	C14,2 =W4(:,14)
	C14,3 =W5(:,134)
	n/a

	15
	C15,1 =W6(:,3)
	C15,2 =W5(:,13)
	C15,3 =W6(:,124)
	n/a

	16
	C16,1 =W6(:,4)
	C16,2 =W6(:,24)
	C16,3 =W6(:,234)
	n/a


2.2 Simulation Results
2.2.1 PB3 (UnCo-CH)
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2.2.2 PB3 (Co-CH)
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2.2.3 VA60 (UnCo-CH)
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2.2.4 VA60 (Co-CH)
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3. Conclusions

With the simulation results, it can be found that D-STTD is the best in both correlated and un-correlated channel. D-STTD is the relatively complicated one but the complexity is only about 2 times of SM+AH. 

Text Proposal modification to SDD

(L18, P79 of IEEE 802.16m-08/003r5)
11.8.2.1.1. Open-loop SU-MIMO

	NT
	Rate
	M
	NF

	2
	1
	1
	1

	2
	1
	2
	2

	4
	1
	1
	1

	4
	1
	2
	2

	8
	1
	1
	1

	8
	1
	2
	2

	2
	2
	2
	1

	4
	2
	2
	1

	4
	2
	4
	2

	8
	2
	2
	1

	4
	3
	3
	1

	8
	3
	3
	1

	4
	4
	4
	1

	8
	4
	4
	1


Table 5 Matrix dimensions for open-loop SU-MIMO modes 
(L5, P81 of IEEE 802.16m-08/003r5)
Spatial Multiplexing

The following spatial multiplexing modes are supported for open-loop single-user MIMO:

· Rate-2 spatial multiplexing modes:

· 2Tx rate-2: rate 2 SM
· 4Tx rate-2: rate 2 D-STTD
· 8Tx rate-2: rate 2 D-STTD
· 
· 
· Rate-3 spatial multiplexing modes:

· 4Tx rate-3: rate 3 SM with precoding

· 8Tx rate-3: rate 3 SM with precoding
· Rate-4 spatial multiplexing modes:

· 4Tx rate-4: rate 4 SM

· 8Tx rate-4: rate 4 SM with precoding

For the rate-2 spatial multiplexing modes, the input to the MIMO encoder is represented as a 2 ( 1 vector
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,  Equation 10
The output of the MIMO encoder is a 2 ( 1 vector
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For the 2Tx rate-2 mode, the output of the precoder is a 2 ( 1 vector
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For 4Tx antennas rate2 mode, the input to the MIMO encoder is represented as a 4 ( 1 vector
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The output of the MIMO encoder is a 4 ( 2 matrix
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the output of the precoder is a 4 ( 2 matrix
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where W is a 4 ( 4 unitary precoder. 

When using Antenna Hopping, 
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 is a set of 3 antenna circulation matrices, i.e., 
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 can be changed every pair of tones or symbols.
For 8Tx antennas rate2 mode, the input to the MIMO encoder is represented as a 4 ( 1 vector
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The output of the MIMO encoder is a 4 ( 2 matrix
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the output of the precoder is a 4 ( 2 matrix
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where W is defined as follows:
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 is a 8x4 matrix which is implementation specific, 
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 is a 4 ( 4 unitary precoder. 
When using Antenna Hopping, 
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 is a set of 3 antenna circulation matrices, i.e., 
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 can be changed every pair of tones or symbols.
For the rate-3 spatial multiplexing modes, the input to the MIMO encoder is represented as a 3 ( 1 vector
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, Equation 15
The output of the MIMO encoder is a 3 ( 1 vector
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For the 4Tx rate-3 mode, the output of the precoder is a 4 ( 1 vector
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where W is a 4 ( 3 precoder. Note that W may be frequency and/ or time dependent as described in section 11.8.2.1.1.

For the 8Tx rate-3 mode, the output of the precoder is a 8 ( 1 vector
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where W is a 8 ( 3 precoder. Note that W may be frequency and/ or time dependent as described in section 11.8.2.1.1.

For the rate-4 spatial multiplexing modes, the input to the MIMO encoder is represented as a 4(1 vector
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, Equation 19
The output of the MIMO encoder is a 4 ( 1 vector
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For the 4Tx rate-4 mode, the output of the precoder is a 4 ( 1 vector
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For the 8Tx rate-4 mode, the output of the precoder is a 8 ( 1 vector
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where W is a 8 ( 4 precoder. Note that W may be frequency and/ or time dependent as described in section 11.8.2.1.1.
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