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1. Introduction

For LTE-Advanced uplink, Clustered DFT-S-OFDM and Nx DFT-S-OFDM are proposed in [1, 2] and discussed as the candidates of the uplink multiple access (MA) schemes to support larger bandwidth with carrier aggregation in the email reflector and RAN1#55 meeting in Prague. One of them will be applied for LTE-Advanced uplink since SC-FDMA will be supported anyway especially for edge users due to its good cubic metric (CM) characteristics and backward compatibility. Moreover, in carrier aggregation, the component carrier maybe smaller (1.25MHz, 5MHz), thus it is possible for edge users to use the multi-component carriers. For LTE-Advanced uplink, up to 4x4 MIMO configuration has been assumed to support for achieving the uplink peak spectrum efficiency [3]. Therefore the mapping mode of multiple components in carrier aggregation and multiple antennas should be considered for uplink MA schemes. Considering the transmit diversity (TxD) is one of the most important MIMO techniques to keep the system coverage and improve the link reliability [4] [5] [6], it should be investigated for different uplink MA schemes and also for multiple components since multiple components carriers are supported in LTE-Advanced. Meanwhile, the uplink MA schemes should also be considered for better support uplink TxD schemes and multiple components with carrier aggregation. 
In this contribution, we propose to consider the proper uplink TxD schemes with 4x4 antenna configuration, antenna grouped component allocation and uplink MA schemes jointly. The corresponding cubic metric (CM) and BLER performances for various jointly designed schemes are evaluated and compared. 
2. Combining TxD with MA 

The clustered DFTS-S-OFDM and N x DFT-S-OFDM are discussed for multiple components at single antenna.  For multiple transmit antennas, the multiple components of larger bandwidth can be divided into two or more groups by the different antennas, which we call the antenna grouped component allocation. Thus, the antenna resource is also taken into account when the uplink MA is investigated for multiple components. 

TxD will be an essential component for uplink MIMO and it will have an important impact on the CM that is an important measurement for uplink transmission.  In general, three types of TxD scheme with single-carrier property can be considered such as STBC-II, CDD and FSTD. It is nature to consider selecting the proper TxD with consideration of uplink MA based on the CM and link performance.

In this contribution, we compared six combined TxD and UL MA with or without antenna grouped component allocation. For simplicity purpose, we compare various schemes under the assumption of two components and four transmit antennas.
Option 1: STBC-II+CDD over clustered DFT-S-OFDM

Option 2: CDD over clustered DFT-S-OFDM

Option 3: STBC-II+CDD over Nx DFT-S-OFDM

Option 4: CDD over Nx DFT-S-OFDM

Option 5: STBC-II+FSTD over Nx DFT-S-OFDM

Option 6: STBC-II+FSTD with antenna grouped component allocation
The former five options are the reference options, which only consider the transmit diversity for uplink MA. Option 6 is our proposed scheme, which considers the antenna grouped component allocation for uplink MA, in addition to transmit diversity. In this contribution, we also illustrate the transmission architectures of Option 1 and Option 5 to compare with the proposed scheme, Option 6.

· Option 1: STBC-II+CDD over clustered DFT-S-OFDM
In this approach, we combine STBC-II with CDD, and apply it to the clustered DFT-S-OFDM straightforwardly. The structure of the STBC-II+CDD over clustered DFT-S-OFDM is shown in Fig.1. The 2M-point DFT operation is performed on the block of 2M input complex-valued modulation symbols. The block of 2M-point DFT samples is split into two streams as 
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with size M then encoded using an STBC-II encoder [4] to obtain the streams
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are mapped to the resource block 
[image: image4.wmf]1

f

of the first component and resource block 
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of the second component on the first antenna, while
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on the third antenna, respectively. The CDD scheme is applied by cyclically shifting the signal transmitted on the second antenna and the fourth antenna with respect to the one transmitted on the first antenna and the third antenna, respectively. This approach can achieve high performance by combining the coding gain of STBC-II and the transmit diversity of CDD. 
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· Option 5: STBC-II+FSTD over Nx DFT-S-OFDM 
In this approach, we combine STBC-II with FSTD, and apply it to the Nx DFT-S-OFDM straightforwardly. In this method, we partition the resource blocks
[image: image9.wmf]1

f

 and
[image: image10.wmf]2

f

 into four resource blocks with size M/2: 
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 as illustrated in Fig.2. Each Tx antenna transmits signals over two sets of resource blocks. A block of L=2M input complex-valued modulation symbols is split into two streams as 
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with size M. Then two M-point DFT operations are performed on the two blocks of symbols 
[image: image16.wmf],

xy

separately, to obtain corresponding two blocks of M-point DFT samples as
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. The block of M-point DFT samples from 
[image: image18.wmf]X

 are encoded using an STBC-II encoder [4] to obtain the streams
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is obtained by the same operation on
[image: image21.wmf]Y

. The stream 
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 is partitioned into two parts as 
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 with size M/2 each. Similarly, the other six blocks of M/2 symbols
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are obtained by the same operation on 
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are mapped to the resource blocks
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of the first antenna, respectively.  Meanwhile, the other streams are mapped to the corresponding resource blocks on the corresponding Tx antenna shown in fig.2. This method can achieve high performance by combining the coding gain of STBC-II and the transmit diversity of FSTD.
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· Option 6: STBC-II+FSTD with antenna grouped component allocation
In this approach, the two components are partitioned into two groups by the four antennas, so each group has one component with two antennas. It has converted Nx DFT-S-OFDM for two components to SC-FDMA for each antenna by partitioning the two components to different antennas respectively in order to maintain the low CM property. The structure of this method is illustrated in Fig.3. The difference with the option 5 is the subcarriers mapping. The two streams 
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, and the two streams 
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are then mapped to the resource block 
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. Thereby a frequency switched transmit diversity (FSTD) scheme is effectively obtained. This method can achieve high performance by combining the coding gain of STBC-II and the transmit diversity of FSTD. In addition, it keeps good CM property of SC-FDMA by grouping the two components with different antennas.
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3. Simulation results

In this section, CM and link level simulations are presented to compare the performance of six option schemes which including: Option 1: STBC-II+CDD over clustered DFT-S-OFDM (denoted as STBC-II+CDD CL), Option 2: CDD over clustered DFT-S-OFDM (CDD CL), Option 3: STBC-II+CDD over Nx DFT-S-OFDM (denoted as STBC-II+CDD Nx), Option 4: CDD over Nx DFT-S-OFDM (denoted as CDD Nx), Option 5: STBC+FSTD over Nx DFT-S-OFDM (denoted as STBC-II+FSTD Nx) and Option 6: STBC-II+FSTD with antenna grouped component allocation ( denoted as STBC-II+FSTD with group). The two data streams are assumed to allocate the same size of resource blocks in the Nx DFT-S-OFDM simulations.
· Cubic Metric
The abovementioned approaches are evaluated in terms of CM performance. The simulation parameters and assumptions are listed in Tab.1.

The CM is more commonly used to indicate the required power back off, because CM is verified to be more accurate than PAPR to reflect the power de-rating of power amplifier in [7]. Here the CM evaluation of the MA option is done according to the definition of CM for E-UTRA in [8]:
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Where 
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is the normalized voltage waveform of the input signal and 
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is the normalized voltage waveform of the reference signal (12.2kbs AMR speech), and
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The CM performances are shown in Tab.2 and Tab.3 for QPSK and 16QAM, respectively. It can be observed that Option 1 (STBC-II+CDD CL) and Option 2 (CDD CL) have the identical CM performance and have lower CM than Option 3 (STBC-II +CDD Nx) and Option 4 (CDD Nx). Moreover, the proposed Option 6 (STBC-II+FSTD with group) has lower CM than other schemes for QPSK and 16QAM transmission formats, while the Option 5 (STBC-II+FSTD Nx) has the highest CM among all of the MA schemes. The proposed Option 6 (STBC-II+FSTD with group) has changed Nx DFT-S-OFDM into SC-FDMA by grouping the two components to one component with antennas, thus keeps the good CM property of SC-FDMA. It can be concluded that typically the Clustered DFT-S-OFDM has better CM performance than Nx DFT-S-OFDM for same diversity schemes without FSTD and Option 5 (STBC-II+FSTD Nx), however, Option 6 (STBC-II+FSTD with group) can maintain better CM performance for uplink with carrier aggregation.
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	Parameters
	Values

	Number of allocated RUs 
	10

	DFT size (M)
	120 (i.e., 10 RUs)

	Modulation
	QPSK, 16QAM

	Subcarrier mapping
	Localized

	Number of effective sub-carriers 
	1200

	IFFT size
	2048

	System bandwidth 
	20MHz


Tab.2 CM performance for QPSK
	Option 1 (STBC-II

+CDD

CL)
	Option 2 

(CDD

CL)
	Option 3 
(STBC-II

+CDD

Nx)
	Option 4

(CDD

Nx)
	Option 5 
(STBC-II

+FSTD

Nx)
	Option 6

(STBC-II

+FSTD

with group)

	2.73 dB
	2.73 dB
	3.31 dB
	3.31 dB
	4.00dB
	1.98 dB


Tab.3 CM performance for 16QAM
	Option 1
 (STBC-II

+CDD

CL)
	Option 2 

(CDD

CL)
	Option 3
 (STBC-II

+CDD

Nx)
	Option 4

(CDD

Nx)
	Option 5
 (STBC-II

+FSTD

Nx)
	Option 6

(STBC-II

+FSTD

with group)

	3.39 dB
	3.39 dB
	3.79 dB
	3.79 dB
	4.20 dB
	2.89 dB


· BLER
Link level simulations are conducted to compare the performance of different MA schemes.   The simulation parameters and assumptions are listed in Tab.4.
The simulation results of the proposed schemes are shown in Fig.4 and Fig.5 for QPSK and 16QAM, respectively. The quasi-static property of the channel is assumed in the all decoding. Thus only simple linear combination operations are involved in the all decoder.
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From Fig. 4 and Fig. 5, we can see that at the BLER of 0.01, Option 3 (STBC-II +CDD Nx) outperforms Option 1 (STBC-II +CDD CL) by about 0.3dB and outperforms Option 6 (STBC-II +FSTD with group) by about 0.6dB for QPSK and 16QAM transmission formats. Option 5 (STBC-II +FSTD Nx) has similar performance to Option 3 (STBC-II +CDD Nx) in low SNR, however, as the SNR becomes higher, it closes to Option 1 (STBC-II +CDD CL). The BLER performances of Option 2 (CDD CL) and Option 4(CDD Nx) are worse than that of the other three MA schemes. It can be concluded that Option 3 (STBC-II +CDD Nx) has the best BLER performance, and the diversity schemes with STBC-II show significant gain than diversity schemes without STBC-II.

Tab.4 BLER simulation parameters and assumptions
	Parameters
	Values

	Carrier frequency
	2.0 GHz

	Transmission bandwidth
	20 MHz (IFFT size N=2048)

	TTI length
	1.0 ms (i.e., 1 subframe or 2 slots)

	Number of allocated RUs 
	10

	DFT size (M)
	120 (i.e., 10 RUs)

	Modulation
	QPSK, 16QAM

	Channel coding
	Turbo encoding with rate of 1/2

	Code block size (assuming each code block corresponds to one subframe)
	1440 bits for QPSK+1/2 TC

2880 bits for 16QAM+1/2 TC

	Subcarrier mapping
	Localized

	Spatial Channel model
	3GPP SCME with fixed parameters [9]

	Scenario
	Urban macro (NLOS)

	Antenna configurations
	4 antennas at UE with half wavelength spacing 

4 antennas at NodeB with four wavelengths spacing

	Velocity
	30kmph

	Channel Estimation
	Perfect channel estimation

	MIMO receiver
	MMSE receiver

	Turbo decoder
	Linear-log-MAP (i.e., MAX-log-MAP plus linear correction function) with 8 iterations

	Definition of SNR
	The total received power per receive antenna to the noise power ratio in frequency domain

	Number of subframes simulated
	10000

	Number of delay samples for CDD
	512


4. Conclusions

In this contribution, we propose to jointly consider antenna grouped component allocation as well as the proper uplink TxD schemes for uplink MA schemes with multiple components and compare the CM and BLER performance for different options. The results show that in terms of CM property,
 Option 6 (STBC-II +FSTD with antenna grouped component allocation) has the best performance among the six options, which is very important for uplink transmission.  In terms of BLER, Option 3 (STBC-II+CDD over Nx DFT-S-OFDM) has the best performance.  But Option 6 (STBC-II +FSTD with antenna grouped component allocation) has 1.3dB CM performance gain while only 0.6dB BLER performance loss compared to  Option 3 (STBC-II+CDD over Nx DFT-S-OFDM).      

Based on our observation, we recommend considering the antenna grouped component allocation when implementing the UL MA, in addition to the different transmit diversity schemes.
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Fig.3   STBC-II+FSTD with antenna grouped component allocation
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Tab.1 CM simulation parameters and assumptions
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Fig.1 STBC-II +CDD over Clustered DFT-S-OFDM
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Fig.5 BLER performance for 16QAM





M/2





Fig.4 BLER performance for QPSK





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





M/2





M/2





M/2





M/2





M/2





M/2





M/2





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���























IFFT





� EMBED Equation.DSMT4  ���























IFFT





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���

















� EMBED Equation.DSMT4  ���











IFFT





� EMBED Equation.DSMT4  ���

















� EMBED Equation.DSMT4  ���











IFFT








Sub-carrier


Mapping











Sub-carrier


Mapping








Sub-carrier


Mapping











Sub-carrier


Mapping





M-STBC-II








M-DFT





M-


STBC-II








M-DFT








L=2M


Modulation





Fig.2   STBC-II+FSTD over Nx DFT-S-OFDM
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