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1. Introduction

In R8,SFBC based on Alamouti code was used as a transmit diversity scheme. For better support of 4Tx transmission in LTE system, frequency switched transmit diversity (FSTD) is combined with SFBC in order to obtain spatial diversity gain further. In LTE-advanced system, up to 8 transmit antennas will be supported. Therefore, optimized transmit diversity scheme for 4Tx and 8Tx can be considered in LTE-advanced to further exploit spatial diversity gain so that it can provide better coverage and robustness as compared with that of LTE.
In previous meetings, some contributions [1-6] have discussed on how to encode when the 4Tx extend to 8Tx,  but it is also important that how to mapping the information (contained by the symbols, waiting for transmission) to the coding block. it’s another way to enhance transmit diversity effect both in 4Tx and 8Tx 
2. Enhanced Diversity Schemes

[General TxD Method] 
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Figure 2.1 
In general, the default mapping method in transmit diversity schemes is to encode the modulation symbols directly according to the coding matrix(Figure 2.1). Where each column is transmitted over a transmit antenna and each row is transmitted over a subcarrier. 
E.g. the transmit diversity scheme “8Tx SFBC+FSTD” described in [1]:
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[Enhanced method 1] －Employ orthogonal transform
An obvious and effective way to mapping the information to the coding block is using DFT Matrix or another orthogonal transform method(Figure 2.2). Any transmit diversity coding scheme can be used in the coding block .
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Figure 2.2 
Orthogonal transform can make every symbol’s information transmission on each channel, so more transmit diversity gain can be obtained. In Rel8, we used orthogonal transform in open-loop spatial multiplexing. It brings obvious transmit diversity gain.
eg.if we enhance the existent method “SFBC+FSTD” described in [1] 
It can be the following case:
Case1
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Case2
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[Enhanced method 2－Re-Grouping after orthogonal transform ]

In Case2，the mapping method that symbol’s information is only mapped by DFT is not the best. This because if the extension of SFBC is employed as the diversity coding method, the symbols transmitted in the same SFBC block will experience a correlated channel. So, we should disperse the symbols using some effective methods, such as re-group methods(Figure 2.3). the employed method can be (Figure 2.4)
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Figure 2.3 
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Figure 2.4  A Re-Grouping Method
It can aslo have other re-grouping method.
Eg.if we enhance the existent method described in Case2, Enhanced method 1 
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 (3)
Case1 may have the same performance with Case2 + Enhanced method 2.
3. Enhanced Diversity Schemes Used in 4Tx
Phy-4Tx

We can use enhanced TxD sheme in LTE-A DL 4Tx configration 

eg： In LTE-A ,TxD Scheme for 4Tx is also SFBC+FSTD (4):
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But we can enhance it to be:
Case1 － (5)
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Case2 － (6)
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virtual-4Tx

For LTE-A DL 8Tx configration,if we have employed 4 virtual Tx port sheme which is mentioned in [3],it will be (7),the W is a Precode Matrix which transform 4 virtual Tx to 8 Phy Tx. For example W can be a small delay（SD） CDD Matrix or others.
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If we enhance (7) by DFT and ReGrouping,it will be (8) (9):
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4. The RS for TxD Scheme in 8Tx
1． SFBC+FSTD in 8Tx transmission

We must use 8 PhyTx Port RS for this scheme.but we have noted that the R8 RS on 4 Phy Tx will be exist all the while(if the R8 CRS should not be punctured).

If we use 8Tx SFBC+FSTD Scheme,the LTE-A’s DRS can reused R8’ 4Tx CRS,what we should do is to design the DRS on other four Phy Tx. Therefore, we can think the RS overhead of just the other four physical antennas is added.

2． Virtual 4Tx Transmission Scheme

The R8 RS are still existed in the four physical four antennas. However, the RS for transmit diversity in LTE-A is designed in virtual antenna ports. if the location of  LTE-A’s DRS on the Virtual Tx ports are coincident with the RS location in LTE R8,some problem will be exist，for example, the CQI measure will be impacted .if we can’t solve this probem， The location of RS on these virtual antenna ports will not be coincident with the RS location in LTE R8 when the 4Tx transform to 8Tx. It means the 4Tx ports RS also added in virtual 4Tx transmission scheme. Therefore, it seems that the less RS overhead needed for virtual 4Tx transmission; but in fact the RS overhead for virtual 4Tx transmission will not less than the RS overhead for 8Tx transmission case in LTE-A system application. This should be considered further.

In addition, the precoding matrix used for 4 virtual Tx- 8 phy Tx transform should be changed dynamically because the fixed beam will cause the performance degradation under the correlated channel that is already simulated in [3]. It is to be noted that the dynamical change must be limited to ensure the channel estimation performance. For example, if the large delay CDD is used in matrix W the RS based on precoding maybe can not be used that is also mentioned in [3]. At this point the RS may need to be defined in the 8Tx antenna ports, if we decide to consider 8Tx port RS，the SFBC+FSTD will be a good choice.
5. Link-level Performance Evaluation
	Figure 5.1 － Figure 5.5

	Parameter description
	Value / Comment

	Transmission bandwidth
	10 MHz

	Channel model, UE velocity, spatial correlation
	3GPP EPA – 30 km/h, spatially uncorrelated

	Antenna configuration
	8 physical Tx  / 2 Rx antenna ports
4 physical Tx  / 2 Rx antenna ports
4 virtual Tx-8 Phy Tx  / 2 Rx antenna ports

	Number of allocated PRBs
	50

	CDD
	Some Case employ Small Delay 

	Channel coding (PDSCH)
	Rel’8 turbo coding,

	HARQ
	Not used

	Channel estimation for demodulation
	Ideal channel estimation 
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Figure 5.1 performance of Enhance TxD and General TxD Scheme in 8Tx [1]
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Figure 5.2 performance of Enhance TxD and General TxD Scheme in 8 PhyTx [2]
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Figure 5.3 performance of Enhance TxD and General TxD Scheme in 4Tx
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Figure 5.4 performance of DFT、DFT+ReGrouping and General TxD Scheme in 8Tx
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Figure 5.5  performance of some TxD scheme in uncorrelated EPA channel
	Figure 5.6 － Figure 5.7

	Parameter description
	Value / Comment

	Transmission bandwidth
	10 MHz

	Channel model, UE velocity, spatial correlation
	3GPP EPA – 30 km/h, spatially Highly-correlated

	Antenna configuration
	8 physical Tx  / 2 Rx antenna ports
4 physical Tx  / 2 Rx antenna ports
4 virtual Tx-8 Phy Tx  / 2 Rx antenna ports

	Number of allocated PRBs
	50

	CDD
	Some Case employ Small Delay 

	Channel coding (PDSCH)
	Rel’8 turbo coding,

	HARQ
	Not used

	Channel estimation for demodulation
	Ideal channel estimation 
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Figure 5.6  performance of some TxD scheme in highly correlated EPA channel
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Figure 5.7  performance of Enhance/No Enhance Virtual 4Tx scheme 
in highly correlated EPA channel

	Figure 5.8 － Figure 5.9

	Parameter description
	Value / Comment

	Transmission bandwidth
	10 MHz

	Channel model, UE velocity, spatial correlation
	3GPP ETU – 30 km/h, spatially uncorrelated

	Antenna configuration
	8 physical Tx  / 2 Rx antenna ports
4 physical Tx  / 2 Rx antenna ports
4 virtual Tx-8 Phy Tx  / 2 Rx antenna ports

	Number of allocated PRBs
	6

	CDD
	Some Case employ Small Delay 

	Channel coding (PDSCH)
	Rel’8 turbo coding,

	HARQ
	Not used

	Channel estimation for demodulation
	Ideal channel estimation 


[image: image22.emf]-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

10

-4

10

-3

10

-2

10

-1

10

0

Enhance/No Enhance 4/8 Tx SFBC+FSTD

EbNo

BLER

No DFT 8Tx QPSK 1/2

4DFT+ReGrouping QPSK 1/2

No DFT 4Tx QPSK 1/2

DFT 4Tx QPSK 1/2 4FFT


Figure 5.8  performance of some TxD scheme in uncorrelated ETU channel
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Figure 5.9  performance of Enhance/No Enhance Virtual 4Tx scheme 
in uncorrelated ETU channel

	Figure 5.10 － Figure 5.11

	Parameter description
	Value / Comment

	Transmission bandwidth
	10 MHz

	Channel model, UE velocity, spatial correlation
	3GPP ETU – 30 km/h, spatially Highly-correlated

	Antenna configuration
	8 physical Tx  / 2 Rx antenna ports
4 physical Tx  / 2 Rx antenna ports
4 virtual Tx-8 Phy Tx  / 2 Rx antenna ports

	Transmit diversity scheme
	Rel’8 SFBC-FSTD over 8 physical antenna ports



	Number of allocated PRBs
	6

	CDD
	Small Delay 

	Channel coding (PDSCH)
	Rel’8 turbo coding,

	HARQ
	Not used

	Channel estimation for demodulation
	Ideal channel estimation 


[image: image24.emf]-3 -2 -1 0 1 2 3 4 5

10

-3

10

-2

10

-1

10

0

Enhance/No Enhance 4/8 Tx SFBC+FSTD

EbNo

BLER

No DFT 8Tx QPSK 1/2

4DFT+ReGrouping QPSK 1/2

No DFT 4Tx QPSK 1/2

DFT 4Tx QPSK 1/2 4FFT


Figure 5.10  performance of some TxD scheme in Highly-correlated ETU channel
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Figure 5.11  performance of Enhance/No Enhance Virtual 4Tx scheme 
in Highly-correlated ETU channel

6. Conclusion

In this contribution, we proposed some enhanced transmit diversity schemes.the enhanced transmit diversity schemes can be used in both 4Tx and 8Tx.
In uncorrelated EPA channel.,The simulation result shows 0.9dB performance gain of the enhanced DFT+Re-Grouping scheme comparing to the normal scheme when DL employ 4Tx SFBC+FSTD transmit diversity scheme,1.4dB performance gain of the enhanced DFT+Re-Grouping scheme comparing to the normal scheme when DL employ 8Tx SFBC+FSTD transmit diversity scheme,0.9dB performance gain of the enhanced DFT+Re-Grouping scheme comparing to the normal scheme when DL 4 virtual Tx(SFBC+FSTD )-8 phy Tx transmit diversity scheme. We think that the new enhanced diversity coding scheme can provide more transmit diversity gain.
We can also find that in highly correlated EPA channel and ETU channel,the gain of the enhance scheme will be reduced，especially，in ETU channel,the gain is not very obvious.but it can also exist.
So we suggest that:

1. enhanced TxD sheme should be employed in LTE-A DL 4Tx and 8Tx，no matter which TxD sheme will be employed.

2. SFBC+FSTD should be also considered in LTE-A DL 8Tx scheme，because it have good performance and it is not always need for additional RS overhead. If we used the enhanced TxD scheme,it can obtain more gain comparing to virtual 4Tx scheme.
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