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1 Introduction

In LTE technical report (TR) ‎[1], it is suggested that the switching manner between transmit diversity (Tx Div)
 and space multiplexing (SM) should be considered for data transmission in E-UTRA. In the previous contributions ‎[2]–‎[6], we have proposed the scheme using the adaptive switching fashion between space-time transmit diversity (STTD) and open-loop SM, showing that the significant sector throughput and coverage gains can be obtained. In this contribution, we further investigate why transmit diversity for data transmission is necessary.
2 Transmit Technique Selection for Data Transmission
In general, there are three techniques for down-link (DL) data transmission; they are close-loop SM, open-loop SM, and Tx Div. The question we may raise is that do we need to utilize all three transmit techniques for LTE data transmission. For the sake of simplicity, we only focus on two factors for our discussion; one is user equipment (UE) velocity and the other is the received long-term signal-to-noise ratio (SNR). The flow-chat of which transmit technique should be selected is illustrated in Figure 1.
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Figure 1: Transmit technique selection based on channel factors of UE velocity and long-term SNR.
From the figure, it can be easily seen that when the UE velocity is high and the received long-term SNR is low, for data transmission we definitely need transmit diversity to improve the user coverage. This is because under such a channel condition, only Tx Div can provide higher SNR as opposed to others and survive the transmission packet.
3 System Level Performance Evaluation

The details of simulation assumptions are discussed in Annex.
The motivation to evaluate the system level performance is to show how the Tx Div is important and indispensable for data transmission. To accomplish this goal, we consider the following combination manners between space-time transmit diversity (STTD) and open-loop SM.

· STTD only: during the entire simulation time, the serving Node-B always utilizes the STTD mode for data transmission.
· SM only: during the entire simulation time, the serving Node-B always utilizes the SM mode for data transmission.
· SM, MinSTTD: during the entire simulation time, the serving Node-B always utilizes the SM mode except that when SM transmission cannot meet the minimum MCS requirement. In our system level simulation, the threshold for minimum MCS is about -0.5dB corresponding to QPSK with 1/3 code rate.
· SM/STTD: during the entire simulation time, the serving Node-B instantly selects transmission mode by making a comparison between SM and STTD channel quality.
We make a system level simulation comparison in terms of sector aggregated throughput, user coverage, and averaged residual BLER under the channel conditions of case-1, case-2, and case-3, as listed in Table 3. The transmit combinations we consider are STTD, SM, (SM, MinSTTD), SM/STTD, (SM, perfect layer selection (PLS)), (SM, MinSTTD, PLS), and (SM/STTD, PLS).
Figure 2, Figure 3, and Figure 4 show the CDF of user throughput for case-1, case-2, and case-3, respectively.
Table 1: Comparison results in terms of sector aggregated throughput, user coverage and averaged residual BLER for simulation case-1, case-2 and case-3.

	Transmit Combinations
	Case-1
	Case-2
	Case-3

	
	Sector Aggregated Throughput (bps/Hz)
	user Coverage with 5% outage rate (bps/Hz)
	Residual BLER
	Sector Aggregated Throughput (bps/Hz)
	user Coverage with 5% outage rate (bps/Hz)
	Residual BLER
	Sector Aggregated Throughput (bps/Hz)
	user Coverage with 5% outage rate (bps/Hz)
	Residual BLER

	STTD
	1.274
	0.0387
	3.65e-04
	0.973
	0.0306
	2.09e-04
	1.132
	0.0321
	1.16e-02

	SM
	1.101
	0.0426
	2.17e-02
	0.905
	0.0379
	2.27e-02
	0.983
	0.0173
	6.35e-02

	SM, MinSTTD
	1.417
	0.0355
	3.59e-04
	1.051
	0.0293
	3.35e-04
	1.274
	0.0299
	1.17e-02

	SM/STTD
	1.488
	0.0389
	3.89e-04
	1.057
	0.0294
	3.24e-04
	1.330
	0.0323
	1.18e-02

	SM, PLS
	1.529
	0.0495
	1.42e-02
	1.265
	0.0439
	1.45e-02
	1.347
	0.0273
	5.07e-02

	SM, MinSTTD, PLS
	1.838
	0.0389
	3.39e-04
	1.401
	0.0306
	1.82e-04
	1.633
	0.0313
	1.15e-02

	SM/STTD, PLS
	1.852
	0.0393
	3.49e-04
	1.412
	0.0308
	2.27e-04
	1.642
	0.0323
	1.16e-02
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Figure 2: CDF of user throughput for case-1.
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Figure 3: CDF of user throughput for case-2.
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Figure 4: CDF of user throughput for case-3.

From the system level simulation results above, we may make the observations as follows:
· In order to achieve the best performance (including higher sector throughput, higher user coverage, lower residual BLER), we must consider both SM and STTD and employ switching mechanism based on the channel conditions.
· In case of employing SM only, the sector throughput is always low and residual BLER is always high although the user coverage sometimes is better than others (e.g., case-1 and case-2). This is because the PF scheduler automatically assigns more channel resources to the UEs who are experiencing a very low long-term SNR so as to maintain the proportional fairness requirement. Therefore, SM cannot stably work well.
· In case of using SM with MinSTTD, the performance in terms of sector throughput and user coverage is always worse than that of SM/STTD but much better than that of SM only. This evidence strongly justifies that STTD (or Tx Div) is beneficial and indispensable for data transmission.
4 Conclusions
This contribution has justified the importance and advantage of transmit diversity for data transmission on DL system. System level evaluation gives the clear conclusion as follows:
· Transmit switching between SM and Tx Div always provides the best system performance such as higher sector throughput, higher user coverage, lower residual BLER.
· It justifies that as long as Tx Div is employed for the worst channel scenario, the SNR received by cell edge UE can be dramatically improved so as to improve the overall system performance.
5 Annex

The system level simulation assumptions are referred to ‎[1] 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

	Transmit Bandwidth
	10 MHz

	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
	6

	UE Receiver
	LMMSE

	HARQ
	Chase combining

	MCS Set
	QPSK (1/3, ½, 2/3, ¾, 4/5), 16QAM (½, 3/5, 2/3, ¾, 4/5), 16QAM (3/5, 2/3, ¾, 4/5)
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� Transmit diversity could be either space-time transmit diversity (STTD), or space frequency transmit diversity (SFTD), or cyclic delay diversity (CDD).
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