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1 Introduction
At RAN1#53bis Warsaw meeting, it was discussed to consider up to 4×4 MIMO for achieving uplink peak spectrum efficiency target of LTE-Advanced [1]. It implies that four TX antennas at UE terminal would be available in LTE-Advanced. In addition, some companies presented the view that open loop transmit diversity should be considered to be used for uplink to improve performance at certain scenarios [2] [3] [4] [5]. Among these contributions related to uplink transmit diversity [2] [3] [4], one common raised issue is the designed uplink transmit diversity scheme should maintain low PAPR. Therefore it is desirable that uplink transmit diversity scheme has good performance while preserving single carrier property with low PAPR.
In the document, an uplink four TX antennas transmit diversity scheme keeping low PAPR is introduced; meanwhile the performance of the proposed scheme in terms of PAPR and BLER are compared with SFBC+FSTD when it is employed in SC-FDMA. Throughout this document, SC-FDMA in the form of DFT-S-OFDM is assumed as uplink access scheme of LTE-Advanced.
2 Four TX antennas transmit diversity scheme
The structure of the proposed scheme applied in the uplink along with DFT-S-OFDM is shown in Figure 1.
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Figure 1 
A block of M input complex-valued modulation symbols 
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. Then two L-point DFT operations are performed on the two blocks of symbols 
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separately, to obtain corresponding two blocks of L DFT samples as
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The block of 
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DFT samples from 
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 is reversed, cyclically shifted with cyclic shift size 
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 and conjugated, and then a minus sign is added on every other sample to create 
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DFT samples. For clarity, the operations on 
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are shown by the following steps.
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· Reversing 
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 to get 
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· Cyclically shifting 
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 with cyclic shift size 
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to obtain 
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· Conjugating on each element of 
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· Adding a minus sign on every other element of 
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Similarly, the above described operations on 
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are performed on 
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to create
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For the four blocks
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, after each DFT sample of 
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 and
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one zero-valued sample is inserted respectively, and before each DFT sample of 
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and
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one zero-valued sample is inserted. After the inserting zero operation, the four blocks are encoded as below, 
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Another scheme is adding a block of 
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 zero-valued samples after 
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 respectively, and adding a block of 
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zero-valued samples before
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and
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. Then the four blocks after adding zero operation are encoded as below,
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For the encoding matrices shown in (7) and (8), four rows represent four transmit antennas respectively, and each column corresponds to one sub-carrier in the frequency domain. Finally, the 
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elements of each row are mapped onto 
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sub-carriers of its corresponding transmit antenna through the sub-carrier mapping function shown in Figure 1. In the following, the two encoding matrices shown in (7) and (8) are called as alternative scheme 1 and alternative scheme 2 respectively.
In the remaining part of this section, it will be described how the proposed scheme achieve transmit diversity. From (6), the relation between the elements of 
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Here 
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 is the DFT size always being even number. The cyclic shift size 
[image: image52.wmf]p

 should be even number in order to enable each element of 
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 to be transmitted from two different sub-carriers for achieving diversity, i.e.  
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Then the four elements
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Actually the four elements are the 
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th element and the 
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.  The form in (11) could be further expressed as,
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Similarly, the 
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Based on (7) and (8), the four columns that 
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Then according to (12) and (13), the matrix shown in (14) can be expressed by (14a) and (14b) which correspond to 
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being even number and odd number respectively.
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It can be observed that both (14a) and (14b) have the same structure as SFBC+FSTD, i.e. the 
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are assembled to be one SFBC, which is transmitted from two sub-carriers of the first two antennas (antenna 1 and antenna 2) for achieving transmit diversity; while the SFBC formed by the 
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is transmitted from the other two sub-carriers of the last two antennas (antenna 3 and antenna 4). 
However the difference with SFBC+FSTD is that the two symbols for each SFBC are mapped onto two non-consecutive sub-carriers which could be seen from (7) and (8). The two non-consecutive sub-carriers for each SFBC will break the orthogonality of SFBC because of the channel variation over the two sub-carriers. The two sub-carriers for each SFBC should be as close as possible in the frequency domain to keep the orthogonality. The distance between the two sub-carriers for each SFBC is proportional to the distance between the two symbols used for encoding SFBC. The distance of the two symbols is measured by the absolute value of the difference between the indices of the two symbols. The distance of two elements from 
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used to create one SFBC is shown below.
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It can be observed that the maximum distance between the two elements used to create one SFBC is
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In section 4, the performance of the proposed scheme in terms of BLER is compared with SFBC+FSTD when it is employed in the uplink along with DFT-S-OFDM. The frame structure of SFBC+FSTD applied in the uplink along with DFT-S-OFDM is shown in Appendix.    
Regarding the PAPR of the proposed scheme, it will be proved that the signal transmitted on each antenna has the same PAPR as a single carrier signal in section 3, and the numerical evaluation of the proposed scheme in PAPR is shown in section 4.   
3 PAPR property 
In this section, it will respectively be proved that the proposed transmit diversity schemes shown in (7) and (8) maintain low PAPR.
According to the property of IDFT, to insert zero into every other spectrum coefficient of a signal in the frequency domain is equivalent to the repetition of the signal in the time domain, and therefore the corresponding time domain signal of the first row of (7) is
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 comes from a modulation constellation( e.g. QPSK). The transmission of the signal represented by the first row of (7) is equivalent to the following procedure, i.e. the block of complex-valued modulation symbols 
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~

is performed M-point DFT operation, sub-carrier mapping, IFFT operation and then transmitted from one transmit antenna. It is obvious that the transmitter procedure of 
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~

is same as SC-FDMA defined in LTE, hence the signal represented by the first row of (7) would have low PAPR.  
Similarly, the corresponding time domain signal of the second row of (7) is
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It can be observed that the time domain signal
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 is obtained by cyclically shifting, conjugating and phase shifting the signal
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, i.e. each element of 
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is a phased shifted and conjugated element from
[image: image97.wmf]x

~

. As the operations of phase shift and conjugation on an element of a time domain signal will not change the amplitude of the element, the signal 
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~

should have the same PAPR as
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~

. Therefore the signal shown by the second row of (7) also has low PAPR. Applying the same way, it can be proved that the signals represented by the third and fourth row of (7) all have low PAPR.
For the signal represented by the first row of (8), it is actually equivalent to the following transmitter procedure, i.e. a block of L modulation symbols 
[image: image100.wmf]x

are performed L-point DFT operation, sub-carrier mapping and IFFT operation, and then transmitted from one antenna. Obviously, the transmission of 
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is same as SC-FDMA defined in LTE, and therefore the PAPR of the signal represented by the first row of (8) should be low. As proved in (17), the corresponding time domain signal 
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is obtained by cyclically shifting, conjugating and phase shifting on signal
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. Because these operations including cyclic shift, conjugation and phase shift on a time domain signal would not change the PAPR of the signal, the signal represented by the second row of (8) should have the same PAPR as the first row. Naturally the signal represented by the third and fourth rows of (8) could also be proved to have low PAPR in the same way. 
4 Numerical evaluation

4.1 PAPR 

The PAPR evaluations of the two proposed alternative schemes are separately shown in Figure 3 and Figure 4. For comparison, the PAPR evaluation of SFBC+FSTD when it is employed in SC-FDMA is shown in Figure 2.

It can be observed from the figures that SFBC+FSTD has about 1.2dB PAPR increase over the single carrier signal at the 99.9% PAPR due to the destroy of the single carrier property by SFBC+FSTD; however the proposed two alternative schemes all have the same PAPR distribution as the single carrier signal. The simulation results verify the conclusion of section 3.
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                                   Figure 2 The PAPR of SFBC+FSTD vs. single carrier signal
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                              Figure 3 the PAPR of alternative scheme 1 vs. single carrier signal
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Figure 4 the PAPR of alternative scheme 2 vs. single carrier signal

4.2 BLER

In section 2, it is described that the proposed scheme has the same structure as SFBC+FSTD to achieve transmit diversity, however the two non-consecutive sub-carriers used for SFBC would impact on the performance, especially in high frequency selective channel. Here the performance of the proposed scheme in terms of BLER is simulated and compared with SFBC+FSTD in the typical high frequency selectivity channel model -TU channel as below.
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Figure 5 2RB allocation
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Figure 6 4RB allocation
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Figure 7 6RB allocation
It can be observed from the three figures that alternative scheme 1 is better than alternative scheme 2 at high SNR, and alternative scheme 2 is slightly better than alternative scheme 1 at low SNR. MMSE receiver is used in the decoding, and there is the inter-symbol interference due to the non-orthogonal channel. At high SNR, the inter-symbol interference is marginal and more frequency diversity can be obtained for alternative scheme 1; however at low SNR, the inter-symbol interference dominates the performance and alternative scheme 2 suffers less inter-symbol interference because the channel is closer to orthogonal than alternative scheme 1. Compared to SFBC+FSTD, the alternative scheme 1 has about 0.3~0.7dB loss at BLER=10-2 when 2RBs, 4RBs and 6RBs are allocated for data transmission respectively. It is noted that transmit diversity is always used for control channel or low geometry scenario. In these two cases, the number of allocated consecutive RBs for data transmission would not be that large, and therefore the proposed scheme will not suffer much performance loss from the channel frequency selectivity. As a reference, the BLER performance in the case of Pedestrian A with low frequency selectivity is shown in Figure 8. It can be observed that the proposed scheme has almost same BLER performance as SFBC+FSTD in Pedestrian A channel with low frequency selectivity.
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Figure 8 2RB allocation
5 Conclusion
In the document, an uplink transmit diversity scheme for four TX antennas along with DFT-S-OFDM is introduced. Applying the proposed scheme, it can enable the signals transmitted from each antenna to have the same PAPR as a single carrier signal, and there is 1.2dB PAPR reduction at the 99.9% PAPR compared to SFBC+FSTD. Hence it has the advantage in PAPR which is very important for uplink transmission. Although there is BLER performance loss in high frequency selective channel compared to SFBC+FSTD, the performance loss would be small if considering the scenarios that transmit diversity is used.
Because of the advantage of the proposed scheme in PAPR and the acceptable BLER performance loss, it is proposed to adopt it as one of uplink four TX antennas transmit diversity candidates for LTE-Advanced.
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                   Figure 9 the structure of SFBC+FSTD applied in the uplink along with DFT-S-OFDM

Given that the block of M input modulation symbols is
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, and then the M-point DFT operation is done on 
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 to obtain a block of M DFT samples as
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The block of M DFT samples
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is encoded by SFBC+FSTD as below,
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The four rows of the encoding matrix represent four transmit antennas respectively, and the M elements of each row are mapped onto M sub-carriers of its corresponding antenna. It can be observed from (2) that the signal transmitted on each antenna is only part of the spectrum coefficients of the single carrier signal
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, and therefore it would lose the single carrier property causing PAPR increase. The PAPR increase of the signal transmitted on each antenna is shown in the numerical evaluation result Figure 2.
	                System bandwidth 
	                 5MHz

	                IFFT size
	                 512

	      Number of effective sub-carriers
	                 300

	Number of occupied data sub-carriers
	                 128

	               Modulation scheme
	                 QPSK

	               Resource allocation type
	                  localized


    Table 1  PAPR simulation assumptions
	Bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Channel model
	PA,TU

	Modulation
	QPSK

	Channel coding
	Turbo code, coding rate=1/2

	Cyclic shift size
	             L/2

	Transmit antenna
	              4

	Receive antenna
	2

	Channel estimation
	ideal

	Receiver            
	MMSE


                                                        Table 2  BLER simulation asssumptions
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