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1 Introduction
When transmitter and receiver both allow having multiple antennas, transmission manner could be either space-time transmit diversity (STTD)
 or space multiplexing (SM). The former provides the space diversity gain and improves the user coverage performance, while the latter increases the data transmission rate and achieves user capacity 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]. For example, if the channel is under ill condition or if the received signal-to-noise ratio (SNR) is extremely low in the multiple-input and multiple-output (MIMO) layers, the STTD may suit for sufficient transmission rather than SM. In the contribution ‎[1] ‎[2], 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 further discuss the adaptive switching criterion for this adaptive transmission. The objective of this contribution is to evaluate the performance when DL system utilizes such an adaptive manner.

2 Switching Criterion

The implementation of adaptive STTD/SM switching may rely on several criteria as follows:

· SNR based criterion. The receiver estimates the SNRs of each OFDM carrier associated with M-layer (M is the number of transmit antennas) based on the transmitted pilot signal. If the averaged SNR over the M-layers and recourse block (RB) is below the predetermined SNR threshold, STTD transmission should be on the mode for that RB, and otherwise, on the SM mode.

· Channel matrix based criterion. The receiver estimates the channel matrix for each carrier, say H, and calculate its determinant, i.e., 
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. If the averaged determinant over RB is below the predetermined value, the STTD mode should be switched on for that RB, and otherwise, SM model.

· Capacity based criterion. The receiver estimates the channel matrix for each carrier, say H, and figures out its capacity based on the formula of 
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. If the average capacity over RB is smaller than predetermined value, the STTD mode should be switched on for that RB, and otherwise, SM model.
It should be noted that the UE receiver should complete the estimation and then feedback it to Node-B for each RB. In order to reduce the control singling, the feedback information could be associated with the several best RBs only. This may give additional MIMO channel selection gain if the better RB can be always selected for transmission.

If transmitter and receiver allow having multiple antennas, for example 4x4, the adaptation may be more complicated. For 4x4 MIMO case, one possibility is that we may have three modes between 1x4 SIMO, 2x2x2 STTD and 4x4 MIMO. The first 1x4 SIMO is selected based on the best one among 4x1x4 SIMO. The second 2x2x2 STTD is to have two 2x2 STTD ‎[5].  The last one is the pure 4x4 MIMO to improve the user throughput and meet the maximum transmission rate requirement. Alternatively, we may simply have two modes between 2x2x2 STTD and 4x4 MIMO.

3 Down-Link System level evaluation

The system level simulation assumptions is referred to ‎[3] 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) and UE speed 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


3.1 Frame Structure and Sub-Channelization

The frame structure as shown in Figure 1 is based on the 10ms frame with 20 TTIs. Each TTI with 0.5ms interval consists of 7 OFDM symbols. The first symbol is used for control channel and ranging channel, and the rest of others are used for data transmission including pilots.
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Figure 1: Down-link OFDM Frame Structure.

The sub-channelization formed in each TTI ‎[3] also called resource block (RB) is illustrated in Figure 2.
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Figure 2: OFDMA resource block allocation.

According to the above assumptions, the detailed frame configuration can be listed in Table 2.

Table 2: Frame Configuration of OFDMA System

	Number of Symbols per TTI
	7

	Number of Control Symbols per TTI
	1

	Number of Data Symbols per TTI
	6

	Number of RBs per TTI
	60

	Bandwidth
	10 MHz

	IFFT/FFT Block
	1024


3.2 Simulation Assumptions

Our 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
	20

	Antenna Structure
	1x1, 1x2, 2x2

	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

	Penetration Loss
	20dB

	Scheduler
	Proportional Fair

	STTD/SM Criterion
	SNR based criterion


3.3 AMC Designing

The MCS set designing in terms of modulation and code rate is listed in Table 4. In addition, we assume that the channel encoding block length is fixed and equal to 720 bits corresponding to 15 sub-channels. Chase combining HARQ is used.

Table 4: MCS Set.

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM

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


3.4 MLD Receiver Implementation

In order to implement the MLD for MIMO in system level simulation, we consider a perfect layer separation (PLS) scenario, where there is no inter-antenna interference. The effective CIR for MLD is calculated under the PLS condition by putting a penalty between MLD and PLS with full band transmission ‎[4]. The relative penalties are generated based on link-level simulation for various specified MCS sets as listed in Table 5.

Table 5: Penalty between MLD and PLS at 0.01 BLER.

	Modulation, Coding
	Penalty (dB) at 0.01 BLER

	QPSK, 1/3
	1

	QPSK, 1/2
	1.5

	QPSK, 2/3
	1.5

	QPSK, 3/4
	1.5

	QPSK, 4/5
	1.5

	16QAM, 1/2
	4

	16QAM, 2/3
	4

	16QAM, 3/4
	3

	16QAM, 4/5
	3


4 Performance Evaluation

Figure 3, Figure 4 and Figure 5 show the CDF of user throughput using 1x1, 1x2 and 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 3: CDF of user throughput for case-1.
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Figure 4: CDF of user throughput for case-2.
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Figure 5: 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 6 for simulation case-1, case-2 and case-3 with proportional fairness scheduling.

Table 6: 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)

	1x1 SISO
	8852.1
	80.8
	8151.2
	90.0
	7003.1
	27.2

	1x2 SIMO
	12043.7
	228.5
	11156.5
	210.6
	9864.6
	90.0

	2x2 SM
	15764.4
	115.6
	11141.8
	145.8
	13568.3
	15.0

	2x2 STTD/SM
	14131.9
	142.1
	11786.4
	162.4
	12368.6
	90.2

	2x2 STTD/SM, PLS
	18049.1
	178.8
	16377.6
	184.4
	15594.5
	91.0


Based on the above comparison results, two observations can be made as follows:

· Adaptive STTD/SM provides almost the same sector aggregated throughput as pure SM.

· Adaptive STTD/SM achieves higher user coverage than SM, particularly when the cell environment becomes worse. For example, when the cell size is large, the user coverage gain is significantly high as opposed to pure SM. The gain could have six times for case-3.
5 Conclusions

This contribution has discussed the issue of the adaptive STTD/SM transmission with respect to different mode switching criteria. Under a worse channel condition such as large cell environment case-3, the adaptive STTD/SM outperforms dramatically SM in terms of coverage while providing comparable sector throughput. RAN has currently agreed to consider Tx diversity for control channels. 

Based on the above results, we would like that RAN1 confirms that Tx diversity should also be considered for data channels and further that adaptation between Tx diversity and MIMO should be considered. In the Annex below a small TP to the TR is proposed to allow for such Tx diversity for data channel. 
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Annex : Text proposal 
5.1.1 7.1.1.4
MIMO and Transmit Diversity
The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (four TX/RX antennas) should also be considered. 
Since performance can be difficult to improve through other sources of diversity (retransmission, link adaptation, etc.), open loop transmit diversity schemes should be considered for the downlink control and data channels.  Transmit diversity schemes vary with respect to their complexity and ability to support a variable number of transmit antennas. Therefore, the simplicity and scalability of transmit diversity schemes should be compared as well as their performance gains.  Cyclic shift diversity as well as open loop transmit diversity techniques based on block codes should be considered.































































































































































� Instead of STTD, space frequency transmit diversity (SFTD) can be employed as well.
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