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1 Introduction
In RAN1 #53 numbers of contributions were proposed to study different uplink multiple access schemes for LTE-A, including several multi-carrier schemes like clustered DFT-S-FDMA, Nx-SC-FDMA and OFDMA. Combination of SC-FDMA and OFDMA was also presented for one of the major UL MA schemes during the discussion.
In this contribution, firstly we compare corresponding cubic metric value of different UL multiple access schemes. Then link level performance simulation of pure SC-FDMA v.s OFDMA is also performed from the point of view of transmit diversity and spatial multiplex, under LTE-Advance MIMO environment. 
2 CM properties between different uplink transmission schemes
In order to compare CM properties in solid value, simulation is performed between Nx-SC-FDMA, Clustered SC-FDMA, OFDMA and SC-FDMA. In this paper, we did not performed simulation on hybrid SC-FDMA/OFDMA because it requires a lot more additional variations on switching priority, which is not good for CM property comparison in the current phase.
Clustered SC-FDMA  [2], [6], [7]：
Spectrum element after DFT precoding is divided into two or more parts called as "cluster", and each cluster is mapped to allocated resource blocks. Number of resource block in each cluster is the same, and distance between each cluster is randomly assigned.
Characteristics:

· CM property of Clustered SC-FDMA is lower than OFDM and CM depends on the number of clusters, cluster size and cluster placement,
· Less complexity, implementation and test efforts because most of components of the legacy SC-FDMA except sub-carrier mapping can be reused.
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Figure. 1 block diagram of Clustered SC-FDMA
Nx-SC-FDMA   [6]：
Source data is chunked into several segmentations (or chunks), followed by DFT independently. IFFT is done after sub-carrier mapping (localized). Number of resource block in each chunk is the same, and distance between each chunk is randomly distributed.
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Figure. 2 block diagram of Nx-SC-FDMA
SC-FDMA and OFDMA are legacy schemes applied in Rel8.

Base on 4 different uplink transmission schemes described above, a simulation result of CM property has been done. Figure 3 plots the compared result. 

In following figure 3, QPSK, 16QAM and 64QAM are applied to each of SC-FDMA, Clustered SC-FDMA as well as Nx-SC-FDMA. While only QPSK is for OFDM since CM property changes little when assigning different modulation scheme on OFDM. System bandwidth in the simulation has been set to 40Mhz.
[image: image3.emf]0

2

4

6

8

10

0

2

4

6

8

10

0.5

1

1.5

2

2.5

3

3.5

 

Group Number

RB Number per Group

 

CM(dB)

OFDM

SC-FDMA(QPSK)

SC-FDMA(16QAM)

SC-FDMA(64QAM)

Cluster(QPSK)

Cluster(16QAM)

Cluster(64QAM)

Nx (QPSK)

Nx (16QAM)

Nx (64QAM)


Figure. 3 simulation result of CM property of different uplink transmission schemes

Comparing all 4 schemes, we can find out:
1. CM value of OFDM is a constant, around 3.3 dB; CM of SC-FDMA varies on different modulation scheme, reading 1.0dB (QPSK), 1.8dB (16QAM), 2.0dB (64QAM).

2. CM value of clustered SC-FDMA and Nx-SC-FDMA highly depends on the cluster number or group number, the more groups is applied, the higher CM value is. However, CM value of both clustered SC-FDMA and Nx-SC-FDMA gets closer to the CM of OFDM when group number is larger than 5. Obviously, the CM of OFDM becomes the upper bound of these 2 schemes.
3. When group number of Clustered SC-FDMA and Nx-SC-FDMA is small (group no.<5), CM property of each scheme is slightly increased with corresponding modulation scheme changing from QPSK to 16QAM, than 64QAM.
4. Whatever the group number is assigned to clustered SC-FDMA and Nx-SC-FDMA, and whatever modulation scheme is applied to them, both of them have very close CM value.
3 Link level simulation result of SC-FDMA and OFDMA
In RAN1 #53 and #53bis meeting, several contributions were proposing multicarrier transmission as LTE-Advance uplink multiple access schemes. As we know, OFDM provides prefect multicarrier characteristics among all those uplink transmission scheme, and of course, it can be fully inherited from LTE downlink, including support high order modulation and high order MIMO. However, all of those conclusion based on previous assumptions from analysis in LTE R8 study. In this section, simulation between SC-FDMA and OFDM in LTE-A MIMO is performed. Link level performances are compared by different modulation order and code rate. 
Uplink Transmit Diversity
Table 1 shows the simulation parameters and figure 4 and figure 5 are the corresponding simulation results of case 2 RB and case 15 RB.

	No.of RBs
	2 RB
	15 RB

	Channel
	TU

	Speed
	3 km/h

	Modulation (Code rate)
	QPSK (0.2, 0.33, 0.5)

16QAM (0.375，0.5，0.67）
64QAM (0.67)
	QPSK (0.2, 0.33, 0.5)

16QAM (0.375，0.5）
64QAM (0.39)

	Coding
	Turbo

	Mapping
	Localized

	Antenna
	1 x 2

	combining
	MRC


Table 1. simulation parameters (transmit diversity)
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Figure 4. simulation results for 2 RBs case (transmit diversity)
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Figure 5. simulation results for 15 RBs case (transmit diversity)
As the number of RBs occupied by uplink UE increases, the link performance gain of OFDM compared to SC-FDMA is getting larger. The performance gain becomes more significant in case of higher modulation order. Since OFDMA takes advantages of Frequency Selective Fading effect, on the other hand, SC-FDMA suffered from it, especially in high order modulation.
Spatial Multiplex
Table 2 shows the simulation parameters for spatial multiplex, figure 6 plots curves describing link performance of 2 MA schemes in different modulation order.
	Transmission block size
	1000 bits

	Channel
	TU

	Speed
	3 km/h

	Modulation (Code rate)
	QPSK (0.2, 0.33, 0.5)

16QAM (0.375，0.5，0.67）
64QAM (0.67)

	Coding
	Turbo


	Mapping
	Localized

	Antenna
	2 x 2

	detection
	LMMSE


Table 2. Spatial multiplexing simulation parameters
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As shown above, performance gain of OFDM to SC-FDMA on spatial multiplex is not that significant compared to transmit diversity. Because when applying LMMSE, the effect of Frequency Selective Fading to both SC-FDMA and OFDMA are similar. Maybe the result will be different when other advanced detection method is applied.

4  Conclusion
In this contribution, 
· CM property is measured and compared between several candidate LTE-A UL transmission schemes. 
· Link level performance simulation of pure SC-FDMA v.s OFDMA is performed from the point of view of transmit diversity and spatial multiplex, under LTE-Advance MIMO environment.

The simulation results provided in section 2 and section 3 should be considered as a reference of assigning LTE-A UL transmission scheme.
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