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1. Introduction
Basic reference signal structure in the SISO-mode was accepted for the E-UTRA downlink. The downlink sub-frame contains two reference signals. In every sub-frame, the reference signals are located in the first & third last OFDM symbol. The spacing (in the frequency domain) between the reference symbols is set to be M = 6 sub-carriers in the SISO-mode [1]. We discussed the several reference symbol structures for Node-B (2 or 4 antennas) and UE (1Tx and 2Rx antennas) based the MIMO-mode.

The Reference signal arrangement for the multiple transmit antennas has trade-off relation of density and data throughput. Then we have to consider the effective arrangement to achieve reliable channel estimation performance and data throughput.

In this contribution, we discuss the reference signal arrangement for 2 or 4 transmit antennas. It is expected that the reference signal for the E-UTRA downlink MIMO has the following advantage.

· Robustness in the frequency selective and time varying channel

· Increasing the available data sub-carriers in the MIMO-mode

· Low channel estimation error
Compared with the other schemes, we also show the performance of channel estimation in order to investigate each scheme.
2. Reference-signal Arrangement for Downlink
2.1. Basic Reference-signal Structure for 1-Tx

The basic downlink reference signal structure, consisting of known reference symbols, is illustrated in Figure 1. The first reference symbols are located in the first OFDM symbol and the second reference symbols are located in the third last OFDM symbol of every sub-frame assigned for downlink transmission. This figure assumes 7 OFDM symbols per sub-frame. The spacing (in the frequency domain) between reference symbols of the same OFDM symbol and antennas is M = 6 sub-carriers. The first and second reference symbols are staggered in the frequency domain as illustrated in Figure 1.
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Figure 1. Basic downlink reference-signal structure

2.2. Reference-signal Arrangement for the multiple transmit antennas

In the previous meeting, many kinds of reference signal structures are proposed for E-UTRA downlink MIMO. Reference signal arrangement has trade-off relation of density and data throughput. Then we designed a reference signal structure for the multiple transmit antennas with the following criterion.

· Constraints on optimal pilot sequences: to obtain the minimum MSE of the channel estimate, the reference symbols for multiple antennas must be equi-powered, equi-spaced, and orthogonal. [2]

· Simplification: to reduce complexity, the reference signal arrangement for the multiple antennas should be as similar as possible to the SISO-mode arrangement

· Robustness of the channel variation: the reference signal should be robust in the frequency selective fading with the effective symbol spacing.
2.2.1. Reference-signal Arrangement for 2-Tx

The reference signal for 2-Tx is based on the basic reference signal structure of the SISO-mode in Figure 2. Using Walsh-covering in 2-Tx mode, each reference signal has the same structure of SISO-mode. The reference signal has the constant spacing which is still 6 sub-carriers and the orthogonal property for each antenna. This structure has 2,000 data sub-carriers per 1 transmit antenna in every sub-frame, when transmission BW is 5 MHz.
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Figure 2. Reference-signal structure for 2-Tx
2.2.2. Reference-signal Arrangement for 4-Tx

In Figure 3, the reference signal is extended for 4-Tx using FDM. The reference signal has the constant spacing which is still 6 sub-carriers and orthogonal property for each antenna. The reference signal for each antenna is staggered and same structure of SISO-mode. This structure has 1,900 data sub-carriers per 1 transmit antenna in every sub-frame, when transmission BW is 5 MHz. Also, we can use 2,000 data sub-carriers per 1 transmit antenna with data puncturing. The data sub-carriers which overlap with the pilots allocated to antennas 2, 3 are punctured replaced with pilots. The data puncturing shall be performed after MIMO encoding and before IFFT sub-carrier mapping.

[image: image3.emf]0.5 ms

D

D

D

D

D

D

D

R

1

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R

1

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R

1

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

 : 

Reference symbol 

for Ant 0, Ant 1

 : Data

R D

0.5 ms

D

D

D

D

D

D

D

R

1

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

-R

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R

1

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

-R

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R

1

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

-R

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

< Pilots for Tx Ant 0, 2>

< Pilots for Tx Ant 1, 3>

 : 

Reference symbol

for Ant 2, Ant 3

R

Frequency domain

D D D

R

1

R

1

R

1

R

2

R

2

R

2

-R

2

-R

2

-R

2

R

1

R

1

R

1


Figure 3. Reference-signal structure for 4-Tx

2.2.3. Channel estimation algorithm for the proposed scheme
The channel estimation for each antenna is shown in figure 4. The channel information of each antenna is estimated with Walsh despreading of 6k, 6k+3-th sub-carriers for H1. And the additional channel estimation is done with 6k+3, 6k+6-th sub-carriers for H2. We can achieve more reliable channel information with averaging of H1 and H2. After the channel estimation for each antenna with Walsh dispreading, we use linear interpolation or average channel estimation without using adjacent sub-frames. Linear interpolation is done in frequency and time domain. And average channel estimation especially is done in time domain under 3km/h.
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Figure 4. Channel estimation algorithm with Walsh dispreading for each antenna

3. Simulation Result
In this section, the block error rate (BLER) performance of the channel estimation using the reference signal in MIMO-mode will be shown. And the single user throughputs of the rate-1 STBC, STTD and rate-2 SM, DSTTD will be shown [3]. The simulation assumption is as follows

3.1. Simulation Assumption
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 sub-carriers) [1]

	Sub-frame length
	0.5 ms [1]

	Channel Models
	Typical Urban (3km/h, 120km/h)

	Modulation schemes and channel coding rates
Packet size
	R=1    R=2

QPSK, R=1/2:         994, 1994 bits

QPSK, R=3/4:       1491, 2991 bits
16-QAM, R=1/2:   1994, 3994 bits

16-QAM, R=2/3:   2658, 5325 bits
64-QAM, R=1/2:   2994, 5994 bits

	Channel Code
	Turbo code (11, 13)Component decoder : max-log-MAP

	Antenna configuration
	·  2 transmitter, 2 receiver => [2Tx, 2Rx]
·  4 transmitter, 2 receiver => [4Tx, 2Rx]

	Spatial correlation (Tx, Rx)
	(0%, 0%)

	MIMO receiver
	Linear Minimum Mean Squared Error (MMSE)

	Channel Estimation
	Linear interpolation or average channel estimation

	Transmit diversity scheme
	Alamouti (2Tx, R=1), STTD (4Tx, R=1) [3]
STTD (2Tx, R=2),  DSTTD  (4Tx, R=2)


3.2. The other Reference-signal Structures for comparison
In Figure 5, 6, the pilot-tone spacing within a reference symbol for the same antenna is 6 sub-carrires. For each antenna, the reference OFDM symbols of scheme-1 are staggered. Scheme-1 structure can transmit 1,900 data sub-carriers per 1 transmit antenna using 2-Tx mode and 1,700 data sub-carriers per 1 transmit antenna using 4-Tx mode in every sub-frame, when transmission BW is 5 MHz.. And scheme-2 structure can transmit 2,000 data sub-carriers per 1 transmit antenna using 2-Tx mode and 1,900 data sub-carriers per 1 transmit antenna using 4-Tx mode in every sub-frame, when transmission BW is 5 MHz.
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Figure 5. Reference-signal structure of scheme-1 [5]
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Figure 6. Reference-signal structure of scheme-2 [5]
3.3. Block Error Rate (BLER) Performance
In this section, we will evaluate the channel estimation performance of each scheme. Link level simulation was done under Typical Urban 3km/h and 120km/h with linear interpolation or average channel estimation without using adjacent sub-frames. Linear interpolation is done in frequency and time domain. And average channel estimation especially is done in time domain under 3km/h.

3.3.1. 2-Tx case

We evaluate the BLER performances of channel estimation with each scheme. 
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Figure 7. BLER result of channel estimation for rate 1/2 turbo-coded QPSK, 16QAM, 64QAM 

for 2-Tx reference symbol structures under Typical Urban 3km/h
In Figure 7, we compare the BLER performance of the three schemes presented for a system consisting of two transmit and two receive antennas under Typical Urban channel. A Turbo code of rate 1/2 is exploited and data symbols using QPSK, 16QAM and 64QAM are transmitted under 3km/h. In the simulation results scheme-1 shows that the gain is significant, when the MCS level goes higher, but the total density doubles using two reference signals.
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Figure 8. BLER result of channel estimation for rate 1/2 turbo-coded QPSK, 16QAM 

for 2-Tx reference symbol structures under Typical Urban 120km/h

In Figure 8, we compare the BLER performance of the three schemes presented for a system consisting of 2Tx-2Rx under Typical Urban channel. A Turbo code of rate 1/2 is exploited and data symbols using QPSK and 16QAM are transmitted in 120km/h. In the simulation results scheme-1 still shows that the gain is significant, when the modulation level goes higher, but the total density doubles using two reference signals. The proposed scheme has the second best BLER performance in the most of environment.
3.3.2. 4-Tx case
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Figure 9. BLER result of channel estimation for rate 1/2 turbo-coded QPSK, 16QAM, 64QAM 

for 4-Tx reference symbol structures under Typical Urban 3km/h
In Figure 9, we compare the BLER performance of the three schemes presented for a system consisting of four transmit and two receive antennas under Typical Urban channel, 3km/h. A Turbo code of rate 1/2 is exploited and data symbols using QPSK, 16QAM and 64QAM are transmitted in 3km/h. Most of schemes have a relatively similar performance within 0.5dB in the most of MCS levels. 
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Figure 10. BLER result of channel estimation for rate 1/2 turbo-coded QPSK, 16QAM 

for 4-Tx reference symbol structures under Typical Urban 120km/h
In Figure 10, we show the BLER performance of the three schemes presented for a system consisting of four transmit and two receive antennas under Typical Urban channel. A Turbo code of rate 1/2 is exploited and data symbols using QPSK, 16QAM are transmitted in 120km/h. all of the schemes have a relatively similar performance within 0.5dB. 
3.4. Single-User Throughput Evaluation
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Figure 11. Single user throughputs of the 2, 4-Tx under Typical Urban 3Km/h
From the results in Figure 11, we can see the throughput of the two or four transmit and two receive antennas under Typical Urban channel 3km/h. In Figure 11, the scheme-1 does not have higher performance due to using double reference symbol density even though it has the best BLER performance in most of case. As a result, the proposed scheme with four transmits antennas shows significant throughput gain. 

4. Conclusions

In this contribution, we gave simulation results to investigate the effects of channel estimation performance with BLER and throughput under Typical Urban channel. We summarize the features of using the proposed scheme as the reference signal for E-UTRA downlink MIMO.
· When the MCS level goes higher, the scheme-1 and the proposed scheme show more reliable performance gain than the scheme-2 under frequency selective channel such as Typical Urban channel. That’s because the reference symbol density of the scheme-1 and the proposed scheme are larger than the density of the scheme-2 per each antenna.
· The proposed scheme has higher throughput performance than the scheme-1 due to providing more available data sub-carriers than the scheme-1 in the MIMO-mode. 

Based on the two advantages of the proposed scheme over the other schemes, it should be considered for MIMO reference signal.
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