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1. Introduction

It is known that the SU-MIMO with more than one transmit radio frequency (RF) chain was not identified in the uplink (UL) of LTE Release 8 [1] due to the limit of user equipment (UE) complexity.  But enhanced UL SU-MIMO techniques should be considered in LTE-advanced systems to satisfy the improved UL performance requirements.  Moreover, to keep backwards compatibility with LTE, the enhanced UL SU-MIMO techniques should remain the low Peak-to-Average Power Ratio (PAPR) property of SC-FDMA systems. 
In this contribution, a joint spatial multiplexing (SM) with transmit antenna switching (TAS) scheme is presented to offer the additional spatial diversity gain over the pure multiple codewords (MCW) SM scheme.  Meanwhile, this proposed enhanced SU-MIMO scheme does not destroy the good PAPR property of SC-FDMA systems.
2. Joint SM with TAS
Fig. 1 shows the transmitter structure of joint MCW SM with TAS for SC-FDMA system.  In this figure, each stream is turbo coded and modulated separately, but each DFT modulated data stream is transmitted from multiple or all transmit antennas by using antenna switching on slot-by-slot or long block (LB)-by-LB basis.
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Fig. 1 Transmitter structure of SM-TAS in SC-FDMA system

Since the data streams are spread across the multiple or all transmit antennas within one subframe, they pass through the similar spatial channel conditions.  As a result, the required CQI feedback to indicate the rate control is reduced for the multiple or all data streams.

Fig. 2 demonstrates an example of the DFT modulated data stream of slot-by-slot SM-TAS during one subframe, which have two independent data streams transmitting from two transmit antennas.  It is straightforward to apply the SM-TAS for more than two data streams transmitting from multiple antennas.
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Fig. 2 DFT modulated streams of SM-TAS
The green blocks are coded by a turbo encoder and the orange blocks are coded by another turbo encoder.  The white LBs in the middle of every slot are reserved for pilots as defined in LTE Release 8.  In the slot-by-slot SM-TAS, the green blocks during the 1st slot are mapped to the 1st transmit antenna and the green blocks during the 2nd slot are mapped to the 2nd transmit antenna.  The orange blocks are mapped accordingly in the contrary manner of the green blocks.   As if the spatial correlation between two transmit antennas is low, the spatial channels from two transmit antennas vary significantly even for low to moderate velocity.  Therefore, the mapping across two transmit antennas during one subframe can offer additional diversity gain through turbo coding.
In addition, the TAS following DFT does not destroy the sequence of DFT modulated data streams at each transmit antenna, which remains the good PAPR property of SC-FDMA system.
3. Link level simulation results

In this section, link level simulations based on SC-FDMA system are conducted to compare the performance of MCW SM-TAS with that of pure MCW SM and SCW SM schemes.  The simulation parameters and assumptions are listed in Table. 1.

Table. 1 Simulation parameters and assumptions 

	Parameters
	Values

	Carrier frequency
	2.0 GHz

	Transmission bandwidth
	10 MHz (FFT size N=1024)

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

	Number of allocated RUs 
	7

	DFT size (M)
	84 (i.e., 7 RUs)

	Modulation
	16QAM

	Channel coding
	Turbo encoding with rate of 1/3

	Code block size (assuming each code block corresponds to one subframe)
	1280 bits for 16QAM+1/3 TC

	Subcarrier mapping
	Localized

	Spatial Channel model
	3GPP SCME with fixed parameters

	Scenario
	Urban macro (NLOS)

	Antenna configurations
	2 antennas at UE with 0.5 wavelength spacing 

2 antennas at NodeB with 10 wavelengths spacing

	Velocity
	3kmph, 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


The two data streams are assumed to allocate the same size of resource blocks in these simulations.
In Fig. 3, the BLER performances of MCW SM-TAS are compared with that of pure MCW SM and SCW SM for 16QAM+1/3TC modulation scheme and channel coding rate in the case of 0.5 wavelength antenna spacing as well as 30km/hr velocity.  
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Fig. 3
BLER performance comparisons among pure MCW-SM, MCW SM-TAS and SCW SM for 16QAM+1/3TC in the case of 0.5 wavelength antenna spacing and 30km/hr velocity
Since the antenna spacing at mobile station (MS) is only 0.5, the channels from two transmit antennas are correlated.  In this case, the MCW SM-TAS still outperforms pure MCW SM due to the additional diversity gain.  With only simple TAS, the MCW SM-TAS scheme achieves more than 0.5dB performance gain over the pure MCW SM at the BLER level of 0.1.  As shown in Fig. 3, the slot-by-slot MCW SM-TAS can achieve the similar performance to LB-by-LB MCW SM-TAS due to the time-varying of channels is not significantly for the velocity of 30km/hr.

Fig. 4 compares the BLER performances among pure MCW-SM, MCW SM-TAS and SCW SM for 16QAM+1/3TC modulation scheme and channel coding rate in the case of 0.5 wavelength antenna spacing and 3km/hr velocity. 
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Fig. 4   BLER performance comparison between pure MCW-SM, MCW SM-TAS and SCW SM for 16QAM+1/3TC in the case of 0.5 wavelength antenna spacing and 3km/hr velocity

From Fig. 3 and Fig. 4, we can see that the MCW SM-TAS scheme can achieve more performance gain over pure MCW SM in the case of low velocity (about 0.8dB at the BLER level of 10-1) than that in the case of moderate velocity (about 0.5dB at the BLER level of 10-1).
Moreover, it can be seen from both Fig. 3 and Fig. 4 that the performance of the MCW SM-TAS approaches that of SCW SM with the linear MMSE receiver.  Due to the additional DFT operation in SC-FDMA system, the maximum-likelihood (ML) receiver is not realistic for the SCW SM.  However, for the MCW SM-TAS, if the successive interference cancellation (SIC) detection is employed, the remarkable performance gain could be achieved over the SCW SM. 
4. Conclusions

In this contribution, a joint MCW SM with TAS scheme based on SC-FDMA system is presented. The MCW SM-TAS scheme offers additional spatial diversity gain over pure MCW SM and approaches the SCW SM in terms of BLER performance under the assumption of linear MMSE receiver.  Furthermore, the slot-by-slot MCW SM-TAS has the similar performance to the LB-by-LB MCW SM-TAS for low to moderate velocities.  The simple TAS does not destroy the good PAPR property of SC-FDMA system.  Moreover, it is possible for the MCW SM-TAS to reduce the required signaling overhead to indicate the rate control of multiple data streams. Therefore, the slot-by-slot MCW SM-TAS scheme is recommended for LTE-advanced UL SU-MIMO.
5. Text Proposal

We propose to capture the following text in Section 6 of TR 36.XYZ [2]:

-----------------------------------Start of text proposal-------------------------------------

MCW SM should be considered as UL SU-MIMO scheme together with TAS to achieve additional spatial diversity gain while reduce the downlink signaling overhead.
-----------------------------------End of text proposal-------------------------------------
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