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MIMO Midamble Pattern Design
Ting Liang, Dengkui Zhu, Zirong Li, Dihao Ning, Bo Sun
ZTE Corporation
Introduction
MIMO midamble is proposed to be used for PMI selection in closed loop MIMO and also for CQI calculation in OL MIMO. The midamble signal occupies one OFDMA symbol in a DL sub-frame. For the type-1 subframe case, the remaining 5 consecutive symbols form a type-3 subframe. For the type-2 subframe case, the remaining 6 consecutive symbols form a type-1 subframe. But the place of the midamble symbol and pattern of the midamble are not defined in current AWD description. 
This contribution proposes the MIMO midamble structure for channel estimation of different number of TX antennas. And the performances of different midamble structures are evaluated as well.
The structure of MIMO midamble
The midamble has been defined to occupy one OFDMA symbol in a DL sub-frame in current AWD. In order to use this symbol to estimate channel correctly, this contribution proposes a physical structures of the MIMO midamble of 2Tx/4Tx/8Tx. 
1) Considering the processing delay, the midamble symbol placed in the last symbol of the second last DL sub-frame. In this way, the MS has enough time to process the midamble, and meanwhile, the midamble is more closed with the first UL subframe which can obtain more exact channel estimation.
2) The midamble of different Tx antenna are evenly spaced across all the useful subcarriers except the guard band subcarriers and the DC subcarrier of this symbol. Eliminating the DC subcarrier can avoid the periodicity of the midamble in time domain by which the midamble will not conflict with PA-preamble. 

3) The decimation of midamble in 2Tx is 6, and the decimation of midamble in 4Tx is 12. The midamble of 2Tx and 4Tx in neighbor sectors are placed in the way of FDM in the same symbol. The decimation of midamble in 8Tx is 8. Midambles of 8Tx in different sectors are placed in the way of CDM.
Following is the pattern of midamble in detail.
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Figure 1 Proposed midamble patterns for 2Tx
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Figure 2 Proposed midamble patterns for 4Tx
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Figure 3 Proposed midamble patterns for 8Tx
Figure1 show the proposed midamble patterns for 2Tx antennas. The midamble of different antenna placed in different subcarriers. The decimation of the midamble in each Tx antenna is 6. Midambles in neighbor sectors can be placed in the way of FDM in the same symbol thus the interference between them is avoid perfectly.
Figure2 show the proposed midamble patterns for 4Tx antennas. The midamble of different antenna placed in different subcarriers. The decimation of the midamble in each Tx antenna is 12. Midambles in neighbor sectors can be placed in the way of FDM in the same symbol thus the interference between them is avoid perfectly. 
Figure 3 shows the proposed midamble patterns for 8Tx antennas. The midamble of different antenna placed in different subcarriers. The decimation of the midamble in each Tx antenna is 8. Midambles in different sectors can be placed in the way of CDM to get more exact channel estimation.
The Performance of Proposal Midamble

The performance of different midamble structure for different number of Tx antennas was evaluated in noise limited scenario. MS estimates the channel of different antennas with MIMO midamble and calculates the values of PMI. 
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Figure 4  8Tx midamble performance in QPSK1/2 (VA10km/h)
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Figure 5  8Tx midamble performance in QPSK1/2 (VA10km/h)
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Figure 6  2Tx and 4Tx midamble performance in QPSK1/2 (VA10km/h)
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Figure 7 Tb/2 per antenna Auto-Correlation FFT=512 and FFT=1024, Reuse 3
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Figure 8 Tb/2 per antenna Auto-Correlation FFT=2048,Reuse3 and Tx =8, Reuse1

The simulation results show that the midamble placed in the last symbol of the second last DL sub-frame has better PER and throughput performances than the midamble placed in any other sub-frame (For DL:UL = 5:3, it is the forth sub-frame).
The performance of midamble pattern of decimation 2 in CDM is almost the same as the midamble pattern of decimation 6 in FDM in interference limited scenario. While the complexity of estimation of midamble pattern in FDM is lower than that in CDM, because the estimation of midamble pattern in FDM can be done in frequency domain only. 
The evaluation results of Midamble Tb/2 auto-correlation show that eliminating the DC subcarrier can avoid the periodicity of the midamble sequence in time domain. In this way, the midamble will not conflict with PA-preamble.

So we recommend the midamble placed in the last symbol of the second last DL sub-frame. And the midamble of different transmit antenna are evenly spaced across all the useful subcarriers except the guard band subcarriers and the DC subcarrier. The decimation of midamble in 2Tx is 6, and the decimation of midamble in 4Tx is 12. The midamble of 2Tx and 4Tx in neighbor sectors are placed in the way of FDM in the same symbol. The decimation of midamble in 8Tx is 8, and the midamble 8Tx in neighbor sectors are placed in the way of CDM in the same symbol.
Appendix

Simulation Parameters List
	Parameter
	Values

	Channel Bandwidth
	10MHz

	Over-sampling Factor
	28/25

	FFT Size
	1024

	Cyclic Prefix (CP) ratio
	1/8

	DL:UL 
	5:3

	Resource Unit
	CRU (4x18x6)

	DL:UL
	5:3

	Channel condition
	mPED_B 3km/h 

	The number of antennas
	2Tx×2Rx，4Tx×2Rx

	Channel estimation for midamble
	2D-MMSE

	Channel estimation for demodulation
	2D-MMSE

	Receiver
	MMSE receiver

	Report period
	5ms

	CL-SU-MIMO schemes
	SM 

	Rank
	1

	Codebook 
	16e 3bit，16e 6bit, DFT

	MidambleSubframeIndex
	2、3、4

	MidambleDecimation
	2/6(2Tx), 4/12(4Tx), 8(8Tx)
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-------------------------------  Text Start  ------------------------------------------------------------------------------------
15.3.5.4.2 MIMO midamble
MIMO midamble is used for PMI selection in closed loop MIMO. For OL MIMO, midamble can be used to calculate CQI. The midamble signal occupies the one OFDMA symbol in a DL sub-frame. For the type-1 subframe case, the remaining 5 consecutive symbols form a type-3 subframe. For the type-2 subframe case, the remaining 6 consecutive symbols form a type-1 subframe.
[Insert the following text into the last paragraph of 15.3.5.4.2]

The midamble shall be placed in the last symbol of the second last DL sub-frame. The midamble of different Tx antenna are evenly spaced across all the useful subcarriers except the guard band subcarriers and the DC subcarrier of this symbol. The decimation of midamble in 2Tx is 6, and the decimation of midamble in 4Tx is 12. The midamble of 2Tx and 4Tx in neighbor sectors are placed in the way of FDM in the same symbol. The decimation of midamble in 8Tx is 8. Midambles of 8Tx in different sectors are placed in the way of CDM. 
Following is the illustration of midamble patterns with 2Tx, 4Tx and 8Tx.
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Figure xxx Proposed midamble patterns for 2Tx

[image: image15.emf]P1P2P3P4

P3 the midamble for Tx3

P4 the midamble for Tx4

Guard Band

DCGuard Band

SubCarrier Index

P1 the midamble for Tx1

P2 the midamble for Tx2

P1P2P3P4

Guard Band

DCGuard Band

P1P2P3P4

DCGuard Band

Sector 0

Sector 1

Sector 2


Figure xxx Proposed midamble patterns for 4Tx
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Figure xxx Proposed midamble patterns for 8Tx
-------------------------------  Text End  ------------------------------------------------------------------------------------
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