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1. Introduction

In TR36.814 v1.1.1 [1], it is stated that DFT-precoded OFDM is the transmission scheme used for PUSCH, and there is one DFT per component carrier in case of multiple component carriers.  From a UE perspective, each transport block is mapped to a single component carrier only.  The maximum number of transport blocks per uplink (UL) component carrier is limited to two, although up to four layers are considered for LTE-Advanced.  In the previous contributions [2, 3, 4], the layer/codeword (CW) shifting across the multiple transmit antennas was discussed and recommended to achieve additional diversity gain in presence of UL spatial multiplexing (SM).  In the RAN1-#56 meeting, the layer shifting in time domain is agreed to configure for the layer mapping of UL SM per component carrier.  
However, for N x DFT-S-OFDM transmission scheme with multiple component carriers, the multiple CWs are multiplexed across the multiple component carriers, even in absence of SM.  In this contribution, we extended the layer shifting in time domain to the cases of multiple component carriers in absence or presence of SM to achieve as much diversity gain as possible. 
For illustration purpose, we only demonstrate the examples with two component carriers and two transmit antennas.  It is straightforward to apply the extended layer/codeword shifting for the cases with more than two component carriers and/or more than two transmit antennas.
2. Codeword shifting in absence of spatial multiplexing

Fig. 1 shows the N x DFT-S-OFDM transmission scheme in absence of SM, where the UE is scheduled over two component carriers, F1 and F2, simultaneously.   If the allocated resource blocks for the UE have the same size in both component carriers, the CWs could be shifted between the two component carriers.  The enhanced CW shifting could be performed on the slot level, long-block level or modulated symbol level within a subframe, although only the shifting on the slot level is shown in Fig. 1.
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Fig. 1 CW shifting across two component carriers in absence of SM
3. Codeword shifting in presence of spatial multiplexing
In presence of SM, in addition to SC-FDMA transmission scheme, the specified CW shifting in [1] in time domain across multiple transmit antennas could also be applied for clustered-DFT-S-OFDM.   For N x DFT-S-OFDM, there are three possible modes of the enhanced CW shifting in time domain as summarized as follows.
· Mode-I: Shifting across multiple transmit antennas only, which was specified in [1].
· Mode-II: Shifting across multiple component carriers only, which is like the case in absence of SM as illustrated in Section 2.

· Mode-III: Shifting across both multiple transmit antennas and multiple component carriers.

For the Mode-III of the enhanced CW shifting in time domain, we give two examples as shown in Fig. 2 and 3, to illustrate under the assumptions that the UE is configured with two transmit antennas and two component carriers.  
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Fig. 2
Example 1 of the enhanced CW shifting Mode-III for N x DFT-S-OFDM in presence of SM
In the Example 1, each CW is shifted to the specified component carrier and specified transmit antenna within one subframe.  As shown in Fig. 2, the 1st CW A is shifted from the component F1 at the 1st transmit antenna to the component F2 at the 2nd transmit antenna, while the 2nd CW B is shifted from the component F2 at the 1st transmit antenna to the component F1 at the 2nd transmit antenna.  The 3rd CW C and the 4th CW D are shifted in the same way as the 1st CW A and the 2nd CW B. 
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Fig. 3
Example 2 of CW shifting Mode-III for N x DFT-S-OFDM in presence of SM
In the Example 2 as shown in Fig. 3, different from the Example 1, each CW is spread to all component carriers and all transmit antennas within one subframe to achieve as much diversity gain as possible.
In the abovementioned two examples, the CWs are shifted across both the component carriers and the transmit antennas.  But it is noted that the enhanced CW shifting across the component carriers can only be applied for the scenario where the UE is allocated the same size of resource blocks on both component carriers. 

4. Link level simulation results

In this section, the link level simulations based on N x DFT-S-OFDM system with two component carriers and two transmit antennas are conducted to demonstrate the performance advantage of the enhanced CW shifting across component carriers.  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
	20 MHz (FFT size N=2048)

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

	Number of allocated RBs  per component carrier
	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

	HARQ retransmission
	Initial transmission only

	Subcarrier mapping
	Localized

	Spatial Channel model
	3GPP SCME with fixed parameters

	Scenario
	Urban micro (NLOS)

	Antenna configurations
	2 antennas at UE with 0.5 wavelength spacing 

2 antennas at NodeB with 10 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
	20000


The two CWs are assumed to allocate the same size of resource blocks on both component carriers in these simulations.
Fig. 4 compares the BLER performances of N x DFT-S-OFDM with the enhanced CW shifting Mode-II and without CW shifting in presence of SM in the case of 16QAM+1/3TC modulation scheme and channel coding rate.  
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Fig. 4
BLER performance of N x DFT-S-OFDM transmission scheme with/without CW shifting in presence of SM
Since the two groups of resource blocks on two component carriers are separated by 1153 subcarriers, i.e., about 17MHz, which is large enough to guarantee the channels from two groups of resource blocks are low correlated in frequency domain.  From Fig. 4, we can see that for the N x DFT-S-OFDM system in presence of SM at moderate velocity (i.e., 30kmph), the enhanced CW shifting Mode-II, i.e., across component carriers, introduces additional diversity gain about 1dB at the BLER level of 0.1, which is the operation point of initial transmission.  The Example 1 of the enhanced CW shifting Mode-III could achieve about 1.5dB performance gain over the scheme without shifting at the BLER level of 0.1.
5. Conclusions

In this contribution, the defined CW shifting across transmit antennas is extended to the CW shifting across component carriers or across both transmit antennas and component carriers to further improve the performance gain. The enhanced CW shifting across component carriers could be applied to the cases of high spatial correlation, in absence of SM or be applied to magnify the diversity gain as much as possible.  Although only the slot level CW shifting is demonstrated in this contribution, the exact shifting pattern will be studied further.  Moreover, it is possible for the enhanced CW shifting across component carriers to further reduce the required signaling overhead. Therefore, in addition to CW shifting across transmit antennas in presence of SM, we recommend to also support enhanced CW shifting across component carriers for LTE-advanced UL SU-MIMO.
6. Text Proposal

We propose to capture the following text in Section 6.1 of TR 36.814 [1]:

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

If the UE is scheduled over multiple component carriers simultaneously, the transport block with codeword shifting in time domain across multiple component carriers (in absence and presence of spatial multiplexing) may be configured for further enhancement.
-----------------------------------End of text proposal-------------------------------------
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