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1 Introduction

Space-time transmit diversity (STTD)
 and space multiplexing (SM) can be employed as transmission formats for E-UTRAN. The former provides the space diversity gain and improves the user coverage performance, while the latter increases the data transmission rate and achieves user throughput gain. In order to optimize the performance between the user capacity and user coverage in the down-link (DL) orthogonal frequency division multiple access (OFDMA) system, we have considered an adaptive transmission by switching between STTD and SM depending on the channel condition ‎[1] ‎[2] ‎[3]. For example, if the MIMO channel is under ill condition or if the received signal-to-noise ratio (SNR) is extremely low, the STTD may take place for sufficient transmission rather than SM. In the contribution ‎[1] ‎[2] ‎[3], we have presented an adaptive STTD/SM transmission on the down-link (DL), showing that the significant capacity gain and coverage gain can be obtained.

In this contribution, we discuss both link level and system level simulation performance with real channel estimation. The objective for link level simulation is to design the adaptive modulation coding scheme (MCS) set based on link level performance, while the objective for system level simulation is to calibrate the basic system configuration and associated performance on the DL. In order to further optimize the system level performance, we consider capacity based adaptive switching criterion for the adaptive STTD/SM transmission. The performance evaluation is investigated based on several metrics such as user throughput, cell coverage, and average interval of STTD/SM switching.
2 Link Level Discussion

In link level discussion, we describe the frame structure, sub-channelization, simulation parameters, and link level simulation results.

2.1 Frame Structure and Sub-Channelization

The frame structure as shown in Figure 1 is based on the 10ms frame with 20 TTIs ‎[4]. Each TTI with 0.5ms interval consists of 7 OFDM symbols. The first symbol is used for pilot channel, and control channel. The pilot channel is also located in the part of fifth symbol. The spacing between pilot carriers of the same OFDM symbol and antenna is six. Figure 2 illustrates the basis reference signal structure, where the sub-channelization consists of 150 sub-carriers (25 consecutive sub-carriers 
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 6 OFDM symbols) including data sub-carriers and part of pilot sub-carriers.
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Figure 1: Down-link OFDM Frame Structure.
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Figure 2: OFDMA resource block allocation.

2.2 Simulation Parameters
We consider the parameters for link level simulation as listed in Table 1.
Table 1: Link level simulation parameters.
	Antenna Configuration
	1x2

	Useful carriers
	600 carriers

	Turbo code block
	One per TTI

	Pilot power
	2.5dB power boost over average data power

	Channel scenarios
	PA 3 km/h, PB 3 km/h, VA 30 km/h

	MCS
	QPSK 1/3, 1/2, 2/3,3/4, 4/5, QAM-16 1/2, 3/5, 2/3, 3/4, 4/5, QAM-64, 3/5, 2/3, ¾, 4/5

	Bandwidth
	10MHz

	FFT size
	1024 for long block

	Long block size ((s/samples)
	66.67/1024 

	Short block size ((s/samples)
	33.33/512 

	CP duration ((s/samples)
	(16.67/256) for long block, and (4.69/72)x6 and (5.21/80)x1 for short block

	Spectrum Shaping, roll-off 
	0.22

	Channel estimation used
	Adaptive channel estimation

	Receiver
	Frequency domain MMSE (tone by tone)


2.3 Effective SNR Computation

We describe here the methodology used to compute a single effective SNR per transmitted packet. The metric is the post-processing SNR. Assuming that SNR for the i-th sub-carrier in the n-th slot is 
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where N is the number of sub-carriers assigned to the transmitted packet.

At this stage, we do not consider penalty (such as Q-factor ) due to frequency
2.4 Link Level Simulation Results

The link level simulation is based on 14 MCS set with respect to QPSK with code rate of 1/3, 1/2, 2/3,3/4, 4/5, QAM-16 with code rate of 1/2, 3/5, 2/3, 3/4, 4/5, QAM-64 with code rate 3/5, 2/3, ¾, 4/5. Figure 3 and Figure 4 show the link level simulation results corresponding to TU 3km/h, and TU 30km/h, respectively. These curves will be used for link-level to system level interface.
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Figure 3: Link level performance for TU 3km/h with real channel estimation.
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Figure 4: Link level performance for TU 30km/h with real channel estimation.
3 Down-Link System Level Evaluation

In DL system level evaluation, we discuss the following aspects: switching criterion between STTD and SM, the system level simulation assumptions, and system level performance evaluation.
3.1 Switching Criterion
The implementation of adaptive STTD/SM switching may rely on the procedure as follows:

· Based on the DL pilots, the receiver estimates the channel and calculates effective SINRs for both STTD and SM, denoted 
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· By making a comparison between two computed capacities, we decide that the transmitter takes whether STTD or SM, i.e.,
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· This criterion can be applied TTI or per several TTIs.
3.2 Simulation Assumptions

The system level simulation assumptions are referred to ‎[4] with simulation case-1, case-2 and case-3 (see Table 2) in which the carrier frequency (CF), Inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed are specified. 

Table 2: 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
	TU

	2
	2.0
	500
	10
	10
	30
	TU

	3
	2.0
	1732
	10
	20
	3
	TU


The system level simulation focuses on the down-link with the assumptions 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
	10

	Antenna Structure
	2x2

	Transmit Antenna Correlation
	0.3

	Maximum Retransmission Number
	3

	Centre Frequency
	2 GHz

	Transmission Power
	40 Watts (46 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	9 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

	STTD/SM Criterion
	Capacity based criterion

	Channel Estimation
	Real

	Traffic Model
	Full Buffer

	CIR Feedback Delay
	6 TTIs

	Number of RBs for User Scheduling
	3


3.3 AMC Designing

The MCS set designing in terms of modulation and code rate is listed in Table 4, based on the link level simulation behaviour (discussed in section ‎2.4). In addition, we assume that the channel encoding block length is fixed and equal to 6 sub-channels corresponding to 888 sub-carriers. Chase combining HARQ is used.
Table 4: MCS Set.

	Modulation
	QPSK
	16QAM
	64QAM

	Code Rate
	1/3
	1/2
	2/3
	¾
	4/5
	1/2
	3/5
	2/3
	3/4
	4/5
	3/5
	2/3
	3/4
	4/5


4 Performance Evaluation

Figure 5, Figure 6 and Figure 7 show the CDF of user throughput using 2x2 antenna configurations with full queue FTP and proportional fairness scheduling in simulation case-1, case-2 and case-3 environments. It can be seen that switching SM and STTD can improve both the capacity and coverage performance.
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Figure 5: CDF of user throughput for case-1.
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Figure 6: CDF of user throughput for case-2.
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Figure 7: CDF of user throughput for case-3.

We compare the results in terms of sector aggregated throughput and cell coverage with 5% outage requirement, listed in Table 5 for simulation case-1, case-2 and case-3 with proportional fairness scheduling.

Table 5: Comparison results in terms of sector aggregated throughput and cell coverage for simulation case-1, case-2 and case-3.

	Antenna Configuration
	Case-1
	Case-2
	Case-3

	
	Sector Aggregated Throughput (Mbps)
	Cell Coverage with 5% outage rate (kbps)
	Sector Aggregated Throughput (Mbps)
	Cell Coverage with 5% outage rate (kbps)
	Sector Aggregated Throughput (Mbps)
	Cell Coverage with 5% outage rate (kbps)

	1x2 HSDPA
	6.82
	197.00
	4.96
	162.00
	6.28
	180.00

	1x2 Baseline
	13.36
	388.64
	9.48
	280.56
	11.89
	292.24

	2x2 STTD
	12.74
	367.86
	9.73
	286.63
	11.32
	289.06

	2x2 SM
	14.17
	344.69
	10.51
	263.16
	12.74
	276.02

	2x2 SM, PLS
	14.88
	366.30
	10.57
	267.65
	13.30
	290.25

	2x2 STTD/SM
	18.38
	359.00
	14.01
	284.80
	16.33
	288.16

	2x2 STTD/SM, PLS
	18.52
	372.50
	14.12
	290.12
	16.42
	291.67


Observation-1 from Figure 5, Figure 6, Figure 7 and Table 5:
· The performance for 1x2 Diversity is almost the same as that for 2x2 STTD in terms of both sector throughput and user coverage.
· 2x2 SM always outperforms 2x2 STTD. The gain is between 8% and 13% depending on the cell environment.

· 2x2 adaptive STTD/SM significantly achieves sector throughput gain without coverage loss (for case-1, the coverage is gained), and the gain is between 10% and 18% as opposed to 2x2 STTD.
· 2x2 Perfect layer separation (PLS) achieves much higher gain, and the gain could be around 45% as opposed to 1x2 diversity or STTD. Note that PLS performance can be nearly accomplished by MLD receiver.
In order to further make a clarification, we plot the probability of selected SM when we employ STTD/SM switching mechanism, shown in Figure 8 for case-1, case-2, and case-3, respectively.
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Figure 8: Probability of STTD/SM switching.
Observation-2 from Figure 8:
· With MMSE receiver, the percentage of using SM is between 40% and 50%, while with PLS, the percentage of using SM increases significantly, which is between 60% and 80%.
· MLD receiver, that performance is between MMSE and PLS, can be used to further improve the system performance. We predict that using MLD the probability of SM is between 50% and 65% and the gain over STTD becomes 30%.
Moreover, we investigate the switching interval between STTD and SM for three simulation cases as well, shown in Figure 9 for averaged switching interval, respectively.
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Figure 9: Averaged switching interval between STTD and SM.
Observation-3 from Figure 9:

· To achieve the better performance using STTD/SM switching mechanism, it requires tens milliseconds for switching interval depending on UE velocity and frequency variation. For low speed UE case such as 3km/h, for example, the switching interval should be shorter than 25 milliseconds, while for high speed UE case such as 30km/h, it should be shorter than 10 milliseconds.
· Comparing to the conclusion made for ITU channel model in the contribution ‎[5], switching interval for TU channel model is shorter because TU channel is more dispersive and PF scheduling may change RB location for UE quite often so as to achieve frequency diversity.
· As a consequence, the open loop switching interval for STTD/SM adaptation should be not longer than 15 milliseconds (corresponding to 30 TTIs).
5 Conclusions

This contribution has discussed the issue of the adaptive STTD/SM transmission with respect to different mode switching criteria. The adaptive STTD/SM outperforms dramatically as compared to SM and STTD, in terms of both sector throughput and cell coverage.
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� Instead of STTD, space frequency transmit diversity (SFTD) can be employed as well.
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