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1 Introduction

In this contribution, we present the preliminary system level simulation results for the single-carrier frequency division multiple access (SC-FDMA) system based on E-UTRA scenarios [1]. The objective for this simulation is to calibrate the basic system configuration and associated performance on the up-link (UL), particularly for evaluating the UL SC-FDMA multi-user (MU) MIMO. Moreover, we also investigate the performance of MU MIMO with channel dependent orthogonal scheduling with UL channel sounding. The simulation results are presented in terms of the aggregated sector throughput. A TP for TR25.814 is also included in this contribution
2 System Level Discussion
The system level simulation assumption is referred to [1] with simulation case-1, case-2 and case-3 (see Table 1) in which the carrier frequency (CF), inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss), UE speed and channel model are specified. 
Table 1: UTRA and EUTRA simulation case minimum set.
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Channel

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Model

	1
	2.0
	500
	10
	20
	3
	PA

	2
	2.0
	500
	10
	10
	30
	VA

	3
	2.0
	1732
	10
	20
	3
	PB


2.1 Frame Structure and Sub-Channelization

The frame structure as shown in Figure 1 is based on the 10 msec frame with 20 TTIs and each TTI with 0.5 msec interval consists of six long blocks and two short blocks [1].
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Figure 1: Up-link SC-FDMA frame structure.
We only consider a localized case for the sub-channelization formed in each TTI as shown in Figure 2. Each resource block (RB) consists of 120 data tones (20 consecutive tones 
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 6 long blocks). The detailed frame configuration is listed in Table 2.

[image: image3.emf] 

Data sub - carriers shared by both users  

Pilot sub - carrier for user 1  

1 TTI  

1 long block  

1 short block  

(20 data sub - carriers + 5 pilot sub - carriers) per user  

Pilot sub - carrier for user 2  


Figure 2: Sub-channelization of SC-FDMA.

Table 2: Frame configuration of SC-FDMA system.

	Number of SBs per TTI
	2

	Number of LBs per TTI
	6

	Number of RBs per TTI
	30

	Bandwidth
	10 MHz

	IFFT/FFT Block
	1024


2.2 Sounding Channel Design

In order to support either channel dependent scheduling or additional orthogonal scheduling or both, we require a sounding channel for each UE. The sounding channel sent from each UE may provide channel matrix information and estimated SNR over entire band. We assume that the sub-carriers for sounding channel are located in the first short block and distributed over the entire bandwidth. It should be that the number of sub-carriers per RB,
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To further reduce the number of tones for sounding channel, we may sound the channel very two TTI or more.

The channel matrix estimated from sounding channel may corrupted by interference and noise, resulting in a sounding estimation error. The estimation error level depends on the transmit SNR ‎[5]. That is, the receiver’s estimate 
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 on the kth sub-carrier can be written as
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where 
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 is a complex random value with 
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 is the tranmsit SNR of the kth UE.
2.3 Simulation Assumptions

The uplink simulation assumptions are listed in Table 3.

Table 3: System level simulation assumptions.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	20

	Antenna Configuration
	1x2 and 2x2

	Maximum Retransmission Number
	3

	Centre Frequency
	2 GHz

	Transmission Power
	250 mWatts (24 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	5 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Proportional Fair

	Adaptive Power Control
	On [2]

	Adaptive Power Control Step Size
	1 dB

	Channel Sounding Delay for MU MIMO
	3 TTIs

	MU MIMO Receiver Type
	MMSE

	Data Traffic
	Full Queue Traffic

	Number of sub-carriers per RB
	1, 2, 3, 4, and 5

	Sounding Channel Estimation
	Real


2.4 MCS Design
The link-level to system level interface is based on the assumptions in [3], where the designed MCS set in terms of modulation, code rate and repetition (spreading) factor is listed in Table 4. In addition, we assume that the channel encoding block length is fixed corresponding to 10 RBs (1200 tones), and Chase combining based HARQ is enabled.
Table 4: MCS Set

	Modulation
	QPSK
	
	16QAM

	Code Rate
	1/9
	1/7
	1/5
	1/3
	1/2
	2/3
	1/2
	2/3
	3/4
	8/9

	Repetition Factor
	8
	4
	2
	1


3 Scheduling for MU MIMO
The purpose of MU MIMO scheduling is to select the paired active UEs among all the UEs. The MU MIMO scheduling detailed in [4] may be considered two categories: one is the random user pairing scheduling (RPS), and the other is the orthogonal user pairing scheduling. 

· For random user pairing scheduling (RPS), the first active user is scheduled and then the second user is randomly selected, which is different from first one. This type of scheduling is simple and does not require sounding channel.
· Orthogonal user scheduling can be implemented based the criterion. called orthogonal pairing scheduling (OPS) [4]. This scheduling technique requires sounding channel to provide the channel matrix.
4 Performance Evaluation
In this section, we evaluate the system performance for 1x2 diversity, 2x2 MIMO with MMSE, 2x2 MIMO with perfect layer separation (PLS), and MU MIMO transmission. Each MU MIMO UE has one transmit antenna and each RB only allows two simultaneous transmit UEs. For MU MIMO scheduling, we may use either random user pairing scheduling (RPS), or orthogonal pairing scheduling (OPS). 
Table 5 lists the aggregated sector throughput with proportional fairness scheduling for simulation case-1, case-2 and case-3, respectively. In this case, we only consider one sub-carrier per RB for sounding channel but without sounding channel estimation error.
Table 5: Aggregated sector throughput (b/s/Hz) without sounding channel estimation error for case-1, 2 and 3.
	
	Case-1
	Case-2
	Case-3

	1x2, SIMO
	0.9339
	0.8094
	0.5155

	2x2 MIMO, MMSE
	1.0863
	0.9003
	0.4426

	2x2 MIMO, PLS
	1.1841
	0.9279
	0.4632

	MU MIMO, RPS
	0.9768
	0.8384
	0.5689

	MU MIMO, OPS
	1.2698
	1.0570
	0.7666


Table 6 list the aggregated sector throughput for case-1 with ideal sounding channel estimation 
Table 6: Aggregated sector throughput (b/s/Hz) for OPS MU MIMO scheduling with ideal  sounding channel estimation for case-1.
	# Sub-carriers per RB
	1
	2
	3
	4
	5

	MU MIMO, OPS (kbps)  Ideal Sounding CH
	1.2698
	1.2698
	1.2698
	1.278
	1.278


From the tables listed above, the several observations can be made as follows:
· MU MIMO with RPS slightly achieves a gain (the gain is around five percent), and the same performance as 2x2 MIMO with MMSE receiver.
· The MU MIMO with OPS achieves a significant high gain over 1x2 SIMO and 2x2 MIMO. Considering the OPS and proportional fairness, in this case:, 
· the gain achieved by MU MIMO over 1x2 SIMO is, 
· a) 36% gain for simulation case-1, 
· b) 31% gain for simulation case-2, and 
· c) 49% gain for simulation case-3, 
· the gain achieved by MU MIMO over 2x2 MIMO with MMSE is 
· a) 17% gain for simulation case-1, 
· b) 17%gain for simulation case-2, and 
· c) 73% gain for simulation case-3.
· By increasing the number of sub-carrier per RB for sounding channel from one to five, the aggregated sector throughput performance does not change. This may give a conclusion that one sub-carrier per RB is enough for sounding channel to estimate the channel matrix used for MU MIMO orthogonality calculation.

· With channel sounding estimation error, the degradation is very small if we consider sounding channel power boosting. 
· The UL performance can be further enhanced by switching between 1x2 SIMO and MU MIMO modes.

5 Conclusions

In this contribution, we have presented the SC-FDMA UL MU MIMO system level performance. The following conclusion can be made:
· MU MIMO with orthogonal user scheduling achieves significant throughput gain due to its unique orthogonal user scheduling.
· One sub-carrier per RB is enough to support sounding channel for MU MIMO orthogonal scheduling.

· MU MIMO with orthogonal user scheduling can reach LTE requirements with only single transmit antenna for each UE.
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