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Antenna Permuted CDD plus MIMO
Xiaolong ZHU, Hongwei YANG, Dong LI, Liyu CAI
Alcatel Shanghai Bell Co., Ltd.
1 Introduction
In the last 16m session #56, several OL SU-MIMO are determined as FFS, which includes among others the antenna permuted cyclic diversity delay (CDD) plus MIMO (including STBC/SFBC or SM) scheme, according to July meeting comment #64 in C80216m-08_880. 
To harmonize the evaluation and comparison among various candidate OL SU-MIMO schemes [1], an OL SU-MIMO subgroup was established. Based on the schedule of this subgroup, we gave the formulation of antenna permuted CDD plus MIMO in the contribution of IEEE C80216m-MIMO-08_009 [2].
Basically, the candidate OL SU-MIMO schemes can be divided into two classes. One is based on the common pilot while the other is applying the dedicated pilot. There is no consensus to which one is better. For example, contribution [3] states that the common pilot based schemes outperform those with the dedicated pilot, while another contribution [4] concludes that schemes with dedicated pilot show better performance than those with common pilot due to pilot overhead gain.
As compared with the common pilot, OL SU-MIMO schemes based on dedicated pilot have among others the following two merits. First, they save greatly the pilot overhead. More importantly, 16m base station may configure up to 8 transmit antennas in some scenarios, but only 4Tx pilot pattern is defined. So, it is expected that dedicated pilot shall at least be supported in 16m, particularly considering the antenna setting of 8Tx. Second, dedicated pilot based MIMO schemes can be designed as transparent to terminals, which simplifies greatly the implementation complexities of mobile terminals. As a result, we suggest that dedicated pilot based OL SU-MIMO schemes should be included in the case of 4Tx or 8Tx antennas.
2 Antenna permuted CDD plus MIMO
The combination of CDD with STBC/SFBC or SM is now well known, which is feasible to both 4Tx and 8Tx. With a small delay setting, CDD plus MIMO can be transparent to the terminals in the sense that MIMO and CDD plus MIMO make no major difference for channel estimation and data decoding at the MS side.

The basic idea of antenna permuted CDD plus MIMO (including STBC/SFBC and SM) is that on the top of CDD plus MIMO, an antenna permutation function is applied to enhance the robustness against the spatial correlation. By antenna permutation, the mapping from streams to physical antennas can change from one Resource Unit (RU) to another or from one group of RUs to another. It applies also to both 4Tx and 8TX. For the case of 4Tx, the detailed formulation of antenna permuted CDD plus MIMO can be found in [2].

For the rate-1 transmit diversity scheme (i.e., antenna permuted CDD plus STBC/SFBC) and the rate-2 spatial multiplexing scheme (i.e., antenna permuted CDD plus SM), only the 2-stream orthogonal (dedicated) pilot pattern is required, which saves the pilot overhead greatly. Since the precoder including antenna permutation is performed on the basis of RU, antenna permuted CDD plus MIMO is also transparent to terminals.
Simulation results
The contribution [3] gives a complete performance comparison among various candidate schemes. It can be seen that the antenna permuted CDD plus MIMO always works best or among the best as long as the dedicated pilot based schemes are concerned. 

In this contribution, we only show the merit of antenna permutation on the top of CDD plus MIMO. Simulation conditions are listed in Table 1. Different transmit antenna spacing implies a different channel correlation level. Generally, the smaller the spacing, the stronger is the channel correlation. Antenna permutation is conducted only in the time domain slot by slot. 
The simulation results are plotted in Figure 1 and Figure 2, respectively. From these two figures, we can see that for independent or weakly correlated channels, the AP-CDD+MIMO has almost the same performance as the CDD+MIMO scheme, but for correlated channels, the antenna permutation technique shall achieve a gain of about 0.4~0.8 dB (at the BLER of 0.01). We point out that for high correlated channels such as in suburban macro cells and/or antenna permutation conducted in both time and frequency domains, more gain will be expected by antenna permutation.
Table 1. Simulation Conditions

	Parameter
	Assumption

	OFDM parameters
	Carrier frequency = 2.5 GHz

FFT size = 1024; CP length = 128 samples

WiMAX downlink, PUSC permutation

	Channel model
	3GPP SCME - Urban Macro, 30kmph

	Channel code
	CTC, code rate = 1/2

	Modulation scheme
	16QAM

	Antenna configuration
	4 transmitter with antenna spacing of {0.5
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	Channel estimation
	Perfect channel estimation

	Delay samples for CDD
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	Antenna Permutation
	Only in the time domain: slot by slot

	Decoder
	STBC: Alamouti decoder

SM: QRM-MLD
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Figure 1: Performance comparison of CDD+STC and AP-CDD+STC.
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Figure 2: Performance comparison of CDD+SM and AP-CDD+SM.
3. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

11.8.2.1.1 Open-loop SU-MIMO 
On a given frequency resource k [size is FFS], the precoding matrix P can be defined using the following equation: 

P(k) = D(k)W(k), Equation 4

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 and/or v OFDM symbols. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix. [The detailed unitary codebook, and the parameters u,v are FFS.] 

11.8.2.1.1.1 Transmit Diversity
For the 4Tx rate-1, the output of the precoder is a 4 ( 2 matrix
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where W is a 4 ( 2 unitary precoder and D is a 4 ( 4 diagonal delay matrix. Note that W and D may be frequency/time dependent as described in section 11.x.2.1.1.
For the 8Tx rate-1, the output of the precoder is a 8 ( 2 matrix
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where W is a 8 ( 2 unitary precoder and D is a 8 ( 8 diagonal delay matrix. Note that W and D may be frequency/time dependent as described in section 11.x.2.1.1. 
11.8.2.1.1.2 Spatial Multiplexing

For the 4Tx rate-2 mode, the output of the precoder is a 4 ( 1 vector
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where W is a 4 ( 2 unitary precoder and D is a 4 ( 4 diagonal delay matrix. Note that W and D may be frequency/time dependent as described in section 11.x.2.1.1. 

For the 8Tx rate-2 mode, the output of the precoder is a 8 × 1 vector 37 38 39 40 41 
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where W is a 8 × 2 precoder and D is a 8 × 8 diagonal phase matrix. Note that W and D may be frequency/time dependent as described in section 11.8.2.1.1. 

------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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