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1.1. Introduction

To support the higher peak data rate for LTE-A, uplink SU-MIMO has been considered commonly as an inevitable technology. There have been some related contributions [1]-[3] dealing with some design issues including number of CW, the number of HARQ and the number of MCS in the UL SU-MIMO spatial multiplexing so far. From preliminary simulation results and discussions, there are common understandings following as.
· 2 CW with 2 MCS and 2 HARQ ANK/NACK seems to provide better performance gain especially with advanced receiver at the cost of high signaling overhead.

· 1 CW with 1 MCS and 1 HARQ ANK/NACK is suitable to simplify the UL SU-MIMO design in terms of signaling such as lower PHICH overhead. It can be a good solution for LTE-A UE to have one HARQ ANK/NACK with respect to minimize LTE Rel-8 spec change.
In this contribution, we have evaluated the link level performance of UL SU-MIMO for 2x2 and 2x4 antenna configurations considering different combinations of number of CW, the number of MCS and the number of HARQ with real channel estimation. We also show performance comparison between MMSE and MMSE with Successive Interference Cancellation called turbo SIC receiver. These simulation results can be the base line to step forward in the right direction of UL SU-MIMO design.
2.1. Comparison of possible alternatives for UL SU-MIMO spatial multiplexing
Considering some contributions related to UL SU-MIMO spatial multiplexing design, it is summarized as four reasonable and possible alternatives listed below. Up to two CW is assumed to support for up to four TX antennas. Note that for any alternative with 2 or more codewords, it can benefit additional performance gains by utilizing a SIC based receivers and utilizing CRC for each transport block.
· Alt 1: 1 CW with 1 MCS and 1 HARQ ACK/NACK
· The possibility of applying layer permutation/mixing
· Additional performance benefits can be achieved by utilizing SIC based receivers and adding CRC per layer or possibly already existing CRC per code block. 
· Alt 2: 2 CW with 2 MCS and 1 HARQ ACK/NACK
· Same 1 HARQ ACK/NACK is used for both 2 codewords, and each codeword is signaled by separate MCS
· Alt 3: 2 CW with 2 MCS and 2 HARQ ACK/NACK
· Separate HARQ ACK/NACK and separate MCS is signaled for each codeword
Table 1. Summary of alternatives

	Layer mixing
	Alt 1, 

	CRC usage of an SIC receiver
	Alt 1: Possibly code block CRC if multiple code blocks exist 
Alt 2, Alt 3: transport block CRC and code block CRC

	Single HARQ functionality
	Alt 1, Alt 2


Here we focus on performance comparison of above alternatives based on MMSE receiver and Turbo SIC receiver with real channel estimation in order to figure out what would be the potential gains among above mentioned. Turbo SIC receiver is used to achieve more gain through soft-symbol iterative interference cancellation techniques for both spatial interference cancellation for multi-layer transmissions and DFT transform-coding induced interference cancellation for single layer transmissions. Note that Turbo SIC receiver performance benefits are significantly higher when the receiver can utilize perfectly estimated received symbols by means of CRC checking in the code block or transport block level. Table 2 shows the simulation parameters we have used in the link level simulation comparison. 
Table 2 Simulation parameter for receiver performance comparison
	Parameter
	Assumption

	Multiple Access Scheme for UL
	SC-FDMA

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Subframe Structure
	LTE PUSCH

	Reference Signal Sequence
	LTE PUSCH DM-RS

	Allocated RBs
	5 RB

	Channel Model
	LTE-ETU, and SCM-C

	Mobile Speed
	3 Km/hr

	Channel Estimation
	DFT-based real CE

	MCS
	27 states MCS entries

	HARQ modeling
	IR combining

	Max number of retransmissions
	3 (in addition to new transmissions)

	Number of HARQ processes
	8

	Transmit scheme
	Spatial Multiplexing – up to 2 CW

	Precoding
	Wideband precoding

	Codebook
	LTE DL 2 Tx codebook

	Codeword to Layer Mapping
	LTE based codeword to layer mapping

	Turbo Decoder Type
	Max-Log-MAP

	Antenna configuration
	2 Tx – 2 Rx, and 2 Tx – 4 Rx

	Receiver Types
	Turbo-MMSE-SIC44* , and MMSE


*: Soft-Symbol Modulated Turbo MMSE-SIC Equalizer; SIC44 means 4 Turbo decoding iterations per SIC iteration with 4 SIC iterations.

   The simulation results are in the 2x2 and 2x4 antenna configurations. 4x4 antenna configuration would be considered for next step. Basically, Figure 1-4 show ‘Throughput versus SNR curve’ for performance comparison in the case of 5 RB allocations under different antennas and channels. If we take a look at the Figure 1, when MMSE receiver in Figure 1(a) is used there is no explicit performance loss of Alt 1 compared to Alt 3. And even comparing to Alt 2, Alt 1 scheme seems to perform better in high SNR range. It is because that 1 HARQ procedure of 2 CW scheme may increase the probability of the retransmission of failed CW to satisfy the given target FER.
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(a) MMSE                                      (b) Turbo SIC 

Figure 1: 2x2 throughput comparison over LTE ETU channel model
However from Figure 1(b) when turbo SIC receiver assuming the eNB performs 4 iterative cancellation with maximum turbo decoding iteration of 4 per SIC iteration is used, both Alt 2 and Alt 3 outperform Alt 1 due to the CRC gain which can ensure almost perfect CW cancellation. So the CRC per codeword can be used for effective cancellation of detected CW for 2 CW schemes regardless of the number of HARQ. In this comparison it should be noted there exists more room for performance improvement of SCW applying to layer mixing with SIC operation based on reusing the CRC per layer. On the other hand, Figure 2 shows that although the performance gap between MMSE and Turbo-SIC is reduced in 2x4 antenna configuration due to the receiver diversity gain, SU-MIMO based on Turbo SIC has better performance generally rather than MMSE.
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              (a) MMSE                                      (b) Turbo SIC

Figure 2: 2x4 throughput comparison over LTE ETU channel model
In addition the more simulation results of for 2x2 and 2x4 antenna configurations under the SCM-C channel are depicted in Figure 3-4 respectively. The similar observations as those in LTE-ETU channel have been shown.
[image: image5.png]6000

2 Tx - 2Rx, SCM_C 3Km/hr, Real CE

5000

4000

3000

Throughput [Kbp:

N
=
Q
=}

1000

*— Alt1-MMSE

- Alt2-MMSE

*~ Alt3-MMSE

9 12

15
SNR per Antenna

18

21 24

27

30



[image: image6.png]7000

6000

5000

g

3

1=}
Q
=}

Throughput [Kbps]

2000

1000

2 Tx - 2Rx, SCM_C 3Km/hr, Real CE

—— Alt1-TurboSIC

—F Alt2-TurboSIC

~*— Alt3-TurboSIC

9 12

15
SNR per Antenna

18

21 24 27

30




(a) MMSE                                      (b) Turbo SIC
Figure 3: 2x2 throughput comparison over SCM-C channel model
(a) MMSE                                      (b) Turbo SIC
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Figure 4: 2x4 throughput comparison over SCM-C channel model
3.1. Conclusion

In this contribution, several alternatives related to design principles of UL SU-MIMO assuming 2 Tx antenna configuration have been considered. From simulation results for performance comparison it can be possible to provide some following observations.
· For a MMSE receiver, no explicit performance loss of 1 CW with 1 MCS and 1 HARQ ACK/NACK compared to 2 CW with 2 MCS and 2 HARQ ACK/NACK.
· For turbo SIC receiver, 2 CW with 2 MCS scheme regardless of the number of HARQ outperform 1 CW with 1MCS and 1 HARQ ACK/NACK due to the SIC gains by using of transport block CRC.
· For both receiver types, 2 CW with 2 MCS and 2 HARQ ACK/NACK shows the best performance among alternatives.
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