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Performance of open loop single-user MIMO scheme candidates
Senjie Zhang, Guangjie Li, Hongming Zheng, Shanshan Zheng, Feng Zhou, Yang-Seok Choi and Minnie Ho
Intel Corporation

Introduction and Background
Open loop single-user MIMO (OL-SU-MIMO) is an essential technique for 16m downlink transmission, especially for high speed and feedback-limited scenarios.
The OL-SU-MIMO schemes candidates include:

· STBC, SM, and D-STTD with antenna hopping are legacy OL-SU-MIMO schemes from 802.16e [1] [2]. 
· SFBC is another candidate for 2Tx rate-1 scheme in 802.16m.
· RBF (random beamforming, another name codeword cycling) is supported in current 802.16m SDD text, where a general OL-SU-MIMO formula with support to RBF is proposed [3].
· A hybrid STC/SM scheme for 4Tx rate-3 is proposed in [4].
To make 802.16m concise and effective, some down selection is necessary. In this contribution, we will present a comparative performance evaluation on the above schemes for down selection. 
Some desirable properties of the OL-SU-MIMO are:
· Performance

· Low complexity
· Robustness
· Flexibility
Based on the evaluation results, the “SFBC/SM+RBF” solution meets the above requirements best. We propose “SFBC/SM+RBF” as the 802.16m OL-SU-MIMO solution. Our rationale and more technical details are explained in the following text.
Description of OL-SU-MIMO schemes
1. For 2Tx rate1 scheme, STBC is used in legacy 802.16e. For 2Tx rate 2, SM is used in legacy 802.16e. For 4Tx rate 1 and 2 schemes, STC/AH and D-STTD/AH are used. The antenna hopping is implemented by using matrix A1~A3 or B1~B6 periodically.
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2. In current SDD text, the OL-SU-MIMO is defined as follows:

For OL-SU-MIMO, on a given frequency resource k, the precoding matrix P can be defined using the following equation: P(k) = D(k)W(k). The precoder is composed of two matrices. The first matrix W(k) is an NT ( M matrix, where NT is the number of transmit antennas and M is the numbers of streams. The matrix W(k) is selected from a predefined unitary codebook, and changes every u subcarriers. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix. The second matrix D(k) is an NT ( NT diagonal matrix as follows,
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where k denotes frequency resource index and 
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 denotes the phase shift for the i-th transmit antenna across two adjacent frequency resources. Currently, θ0 = 0, θ1 = -2πD/Nfft, θ2 =2θ1, θ3 =3θ1, with D should be zero or small number (e.g. 2) where Nfft is FFT size. 
The size of u should be one or multiple of 18 and the size of k should be 1.
In RBF scheme, the W(k) is chosen based on CL-SU-MIMO codebook. Using 16e codebook [5], the V(4,2,6) codebook can be used to precode the SFBC and SM for 4Tx rate 1 and 2. For 4Tx rate 3, the V(4,3,6) codebook can be used.
In RBF, precoded demodulation pilot (dedicated pilot) should be used.
3. The hybrid STC/SM scheme for 4Tx rate-3 can be described using the following matrix:
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.
A summary of the OL-SU-MIMO scheme candidates is listed in Table-1.

	Rate
	1
	2
	3

	Ant Cfg
	2Tx
	4Tx
	2Tx
	4Tx
	4Tx

	Pilot Pattern
	two streams
	two streams
	four streams
	two streams
	two streams
	four streams
	four streams

	Scheme
	STBC
	
	16e Matrix A
	
	
	16e Matrix B
	Hybrid STC/SM

	
	SFBC
	RBF-SFBC
	
	SM
	RBF-SM
	
	RBF-SM


Table-1 OL-SU-MIMO scheme summary
Performance evaluation
1. Assumptions
· 802.16m pilot pattern[6]
· Subcarrier level DRU
For subcarrier level DRU, the data subcarriers are divided into 384 pairs. Each DRU has 8 pairs, which are uniformly distributed in the whole band.

Each user has 4 RUs.
· eITU-VehA 30Km/h and 350Km/h

· Antenna spacing: 4 lambda (uncorrelated channel)
· AoD: [-90:10:90]
This AoD range is used to evaluate the coverage in different direction.
· CTC ½ coding rate，QPSK, 16QAM, 64QAM

· MIMO receiver: MMSE or MRC
· RU level CE

RU level CE is more practical concerning FFR partition.
2. Results

· Comparison of different schemes for 4Tx rate-1, 2 and 3.
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Figure-1   Rate-1 schemes: RBF has better performance than STC/AH
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RBF: 16e V426 CB+SM, Ded.Pilot, RU level CE
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Figure-2   Rate-2 Schemes: RBF has same performance with D-STTD/AH
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Figure-3   Rate-3 Schemes: RBF has same performance with hybrid STC/SM
Figure 1, 2 and 3 show RBF has better performance than STC/AH and, and same performance with D-STTD/AH and hybrid STC/SM. 
However RBF is with low complexity. 
Concerning receiver complexity, RBF requires 2x2 matrix inversions for rate-2 and 3x3 matrix inversions for rate-3 in MMSE receiver; while D-STTD/AH and hybrid STC/SM require 4x4 and 6x6 matrix inversion. The MMSE MIMO receiver’s complexity is o(M3) using the well-known square-root algorithm [7]. So the MMSE receiver’s complexity of D-STTD/AH and hybrid STC/SM is 8 times higher than RBF. Another advantage of RBF is that the receiver designed for 2x2 antenna configuration can be used transparently in 4x2 antenna configuration.
Concerning pilot overhead, RBF requires 2 pilot streams for rate-1 and rate-2, while STC/AH and D-STTD/AH require 4 pilot streams, which leads to higher pilot overhead and 2 times higher complexity in channel estimator.
In summary, RBF has the best performance-complexity tradeoff.
· Comparison between STBC and SFBC
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Figure-4   STBC vs. SFBC: MRC receiver’s performance in very high speed scenario
Figure-4 show the SFBC is more robust than STBC if using MRC receiver in very high vehicular speed.
Concerning mapping to regular sub-frame and irregular sub-frame, SFBC is preferred because it does not require even number of symbols in a sub-frame.

· Comparison between zero delay CDD and small delay CDD
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Figure-5   D=0 vs. D=2: Comparison between zero delay CDD and small delay CDD
Figure-5 shows that identical matrix is preferred for matrix D in the general OL-SU-MIMO formula in SDD.

Using distributed sub-channelization, the channel changes fast in a DRU. The channel ripple provided by D(k) has little benefit to the performance, however it degrades the CE. So zero delay CDD (D=0) is preferred.
Conclusion
We propose “SFBC/SM+RBF” as the 802.16m OL-SU-MIMO solution, because:
· SFBC provides full diversity order, also it is more flexible and robust
· RBF provides good performance

· RBF is with low complexity in terms of pilot overhead and receiver

The technical details are:

· For 2Tx rate 1, SFBC

· For 2Tx rate 2, SM

· For 4Tx rate 1, RBF + SFBC using dedicated pilot

· For 4Tx rate 2, RBF + SM using dedicated pilot

· For 4Tx rate 3, RBF

· For 4Tx rate 4, SM

· The second matrix D should be a identical matrix
Please refer to tgmsdd_Li_Guangjie.cmtb for the comments to current SDD (802.16m-08/003r4). The proposed remedy for SDD text is listed below.
Proposed SDD text remedy
-------------------------------------Begin of proposed remedy-------------------------------------
In page 67 line 1~2, replace table 4 with the following table:
	MIMO Scheme
	Resource Mapping

	Open Loop SU-MIMO
	Distributed

	Closed Loop SU-MIMO
	Localized

	MU-MIMO
	Localized


Table 4 Supported resource channels in MIMO
In page 67 line 20~21, replace the sentence "Note that CQI, and rank feedback may or may not be frequency dependent." with "Note that CQI, and rank feedback may not be frequency dependent."

In page 69, replace line 1~11 with the follow text: 

“equation:

P(k) = W(k).

The matrix W(k) is an NT ( M unitary matrix, where NT and M are the numbers of physical and effective antennas, respectively. The matrix W(k) is selected from a predefined unitary matrix codebook, and changes every u subcarriers. [The detailed unitary matrix codebook is FFS]. The parameter u equals to Psc (18 continuous subcarriers).”
In page 69, replace line 19~21 with the follow text: 

· 2Tx antennas, rate 1: SFBC

· 4Tx antennas, rate 1: SFBC with precoder
Replace line 35, page 69 ~ line 7, page 70 with the follow text:
“For the 4Tx rate-1, the output of the precoder is a 4 × 2 matrix 
y=W× z, 
where W is a 4 × 2 precoder. Note that W may be frequency dependent as described in section 11.8.2.1.1. 
For the 8Tx rate-1, the output of the precoder is a 8 × 2 matrix 

y=W× z, 

where W is a 8 × 2 precoder. Note that W may be frequency dependent as described in section 11.8.2.1.1. ”
In page 70, replace line 31~40 with the follow text: 

“For the 4Tx rate-2 mode, the output of the precoder is a 4 ( 1 vector

y=W× z, 

where W is a 4 × 2 precoder. Note that W may be frequency dependent as described in section 11.8.2.1.1. 
For the 8Tx rate-2 mode, the output of the precoder is a 8 × 1 vector
y=W× z, 

where W is a 8 × 2 precoder. Note that W may be frequency dependent as described in section 11.8.2.1.1. ”
In page 71, replace line 7~16 with the follow text: 

“For the 4Tx rate-3 mode, the output of the precoder is a 4 ( 1 vector

y=W× z, 

where W is a 4 × 3 precoder. Note that W may be frequency dependent as described in section 11.8.2.1.1. 
For the 8Tx rate-3 mode, the output of the precoder is a 4 ( 1 vector

y=W× z, 

where W is a 8 × 3 precoder. Note that W may be frequency dependent as described in section 11.8.2.1.1. ”
In page 71, replace line 28~32 with the follow text: 

“For the 8Tx rate-4 mode, the output of the precoder is a 8 × 1 vector
y=W× z, 

where W is a 8 × 4 precoder. Note that W may be frequency dependent as described in section 11.8.2.1.1. ”
-------------------------------------End of proposed remedy -------------------------------------
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