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1. Introduction
In the RAN1 #46bis meeting in Seoul, the DL RS structure for 4-Tx antenna MIMO as shown below in figure 1 is agreed as working assumption [2]. In addition, it was agreed that the DL RS structure should be used between no hop/shift and hop/shift (with power boosting) in last RAN1 #47bis meeting in Sorrento. Then, we should evaluate performance of DL RS structure for 4-Tx antenna in many cases of environment.

In Riga meeting, we show that working assumption has performance loss at 3 and 4-Tx comparing with 1 and 2-Tx on data channel at high speed due to pilot interval of 3 and 4-Tx in time direction [3]. In this contribution, we will show the channel estimation performance which is applied the RS power boosting and reduction of data power (Power stealing). And we also evaluate and compare the control channel link performance of the working assumption and the alternative structure considering UE speed, and inter-TTI interpolation based channel estimation.
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Figure 1. Downlink reference signal structure for 4-Tx [Working assumption: R1-062993]
2. RS Power boosting & Channel estimation method
2.1. RS Power boosting
Using RS frequency hopping, an RS power boosting of more than 3 dB, such as 6dB, is needed in order to get an RS CIR benefit [4]. Figure 2 (a) shows an example 0dB boosting case (The ratio of total transmit pilot power to total transmit power of control/data channel is 1 to 1 in each sub-carrier). In other words, the pilot power is 6dB higher than the power of the control/data channel per each antenna. An alternative scheme using 3dB RS boosting is to “steal” power from the adjacent data sub-carriers as shown in Figure 2 (b). The total power is kept as same as that of 0dB power boosting but the BLER performance of the data block (likely control data) may be sacrificed.
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       (a) 0dB RS boost


(b) 3dB RS boost & reduction of data power
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Figure 2. RS power boosting schemes

2.2. Channel estimation method
In the performance evaluations, we use 2-D adaptive channel interpolation [5] with using DL RS symbols in previous and current TTIs. At the speed of 3km/h, we use 3rd order Lagrange interpolation in frequency direction to gather some of RS OFDM symbols as shown in Figure 3. At high speed of 350km/h, using linear interpolation in frequency direction is first to obtain the channel information at center of adjacent pilot symbol. And we use 3rd order Lagrange interpolation along frequency direction and 2nd order Lagrange interpolation along time direction.
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Figure 3. Channel estimation method at 3km/h
3. Simulation Result

In this section, the block error rate (BLER) performance of the channel estimation using the reference signal in 4-Tx antenna MIMO-mode on control channel will be shown. The simulation assumption is as follows

3.1. Simulation Assumption
Table 1. Simulation assumption

	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	TTI length
	1.0 ms

	Resource block size
	Working assumption [R1-062993]: 4 subcarriers * 18 RB = 72 subcarriers

Alternative structure [R1-063536]: 6 subcarriers * 12 RB = 72 subcarriers

	Information length
	40bits

	Channel Models
	Typical Urban (6-ray)

	Mobile Speed
	3 and 350 km/h

	Modulation schemes and 
channel coding rates
	QPSK (R=1/3)

	Power stealing factor
	0 and 3 dB

	Channel Code
	3GPP Convolutional code

	MIMO mode
	CDD and SFBC+FSTD

	Resource allocation 
	RB-level distributed mode

	Antenna configuration
	4x1

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

	MIMO receiver
	MMSE receiver

	Channel Estimation
	Adaptive 2-D interpolation for channel estimation with inter sub-frame

	Channel Models
	Typical Urban (6-ray)


3.2. Performance Evaluation
We evaluate performance of working assumption comparing with alternative structure [3].
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Figure 4. Downlink reference signal structure for 4-Tx [Alternative structure: R1-063536]

3.2.1. Block Error Rate (BLER) Performance
In this section, the BLER performance of the channel estimation using the one, two, three and four RS OFDM symbols in 4-Tx antenna MIMO-mode on control channel will be shown. In each case, the base-station use the 0 and 3dB RS boost & reduction of data power for control signal transmission. And we evaluate channel estimation performance on 1st and 3rd OFDM symbol of control channel. Figure 5-6 show the BLER performance under Typical Urban channel at 3 km/h, and Figure 7-8 show the BLER performance under TU channel at 350 km/h

[image: image6.wmf]-4

-2

0

2

4

6

8

10

12

14

10

-4

10

-3

10

-2

10

-1

10

0

[1st OFDM symbol, 0dB Boosting]

[4-Tx CDD, QPSK, R=1/3 [Convolutional code], TU, 3km/h]

 

BLER

SNR [dB]



 P=1, Nortel

 P=2, Nortel

 P=3, Nortel

 P=4, Nortel

 P=1, LGE

 P=2, LGE

 P=3, LGE

 P=4, LGE

 
[image: image7.wmf]-4

-2

0

2

4

6

8

10

12

14

10

-4

10

-3

10

-2

10

-1

10

0

[1st OFDM symbol, 3dB Boosting]

[4-Tx CDD, QPSK, R=1/3 [Convolutional code], TU, 3km/h]

 

BLER

SNR [dB]



 P=1, Nortel

 P=2, Nortel

 P=3, Nortel

 P=4, Nortel

 P=1, LGE

 P=2, LGE

 P=3, LGE

 P=4, LGE


(a) 0dB RS boost


       (b) 3dB RS boost & reduction data power

Figure 5. BLER performance of channel estimation on 1st OFDM symbol of control channel at 3km/h 
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(a) 0dB RS boost


       (b) 3dB RS boost & reduction data power

Figure 6. BLER performance of channel estimation on 3rd OFDM symbol of control channel at 3km/h 
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(a) 0dB RS boost


       (b) 3dB RS boost & reduction data power

Figure 7. BLER performance of channel estimation on 1st OFDM symbol of control channel at 350km/h 
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(a) 0dB RS boost


       (b) 3dB RS boost & reduction data power

Figure 8. BLER performance of channel estimation on 3rd OFDM symbol of control channel at 350km/h 

From the results in Figure 5-8, we can see the channel estimation performance of working assumption under Typical Urban channel 3 and 350km/h. At mobile speeds of 3km/h, working assumption has reasonable performance in each case. However, at high mobile speed such as 350 km/h, working assumption shows performance degradation due to pilot interval in time direction. And the channel estimation performance with only one RS OFDM symbol is severely degraded as compared with that of the larger RS OFDM symbols.
And we will show the BLER performance of CDD and SFBC+ FSTD using four RS OFDM symbols of precious and current TTIs.
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(a) 0dB RS boost


       (b) 3dB RS boost & reduction data power

Figure 9. BLER performance of channel estimation on 1st OFDM symbol of control channel at 3km/h
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(a) 0dB RS boost


       (b) 3dB RS boost & reduction data power

Figure 10. BLER performance of channel estimation on 3rd OFDM symbol of control channel at 3km/h
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Figure 11. BLER performance of channel estimation on 1st OFDM symbol of control channel at 350km/h
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Figure 12. BLER performance of channel estimation on 3rd OFDM symbol of control channel at 350km/h
From the results in Figure 9-12, we can see the channel estimation performance of working assumption under Typical Urban channel 3 and 350km/h using four RS OFDM symbols of precious and current TTIs.

At high mobile speed such as 350 km/h, working assumption shows significant performance degradation on 3rd OFDM symbol of control channel due to pilot interval in time direction.
We summarize the features of using working assumption as the reference signal for E-UTRA downlink MIMO.
· # of RS OFDM symbols for channel estimation: 

· In each case, the channel estimation performance with only one RS OFDM symbol is severely degraded as compared with that of the larger RS OFDM symbols.
· Considering cell coverage, the channel estimator has to use more than two RS OFDM symbols (but less than three RS OFDM symbols if we use micro-sleep mode)
· Link performance depends on control channel position:

· 1st OFDM symbol

· 0dB RS boost: Working assumption has reliable performance, regardless of mobile speed.
· 3dB RS boost & reduction data power: Working assumption shows performance loss due to high pilot density on 1st OFDM symbol.
· 3rd OFDM symbol

· Serious performance degradation is shown on 3rd OFDM symbol at high mobile speed such as 350 km/h due to pilot interval in time direction.
4. Conclusions

In the contribution, we provided the link performance of control channel for the working assumption and alternative DL RS structure in the case of 4x1 CDD and STBC+FSTD when considering DL RS power boosting, UE speed, and inter-TTI interpolation based channel estimation. As shown in the performance results above, the current working assumption offers a reliable link performance of control channel on 1st OFDM symbol in the case of no DL RS boosting, low UE speed, and only one RS OFDM symbol. However it shows the performance loss using DL RS boosting on 1st OFDM symbol due to high pilot density and 3rd OFDM symbol due to pilot interval in time direction at high mobile speed. 

For the number of RS OFDM symbols used for channel estimation of control channel, we should consider a tradeoff of latency/power saving vs. effective cell coverage. According to the decision for DL RS freq. hopping, the current working assumption could be modified or changed.

References
[1] 
TR 25.814 v7.0.0 “Physical Layer Aspects for Evolved UTRA”
[2]
3GPP R1-062993, Nortel, Motorola, Samsung, Nokia, Siemens, Philips, LGE, Huawei, ZTE, NTT DoCoMo , “MIMO DL Reference Signal Design for 4 Tx”
[3]
3GPP R1-063536, LG Electronics, “Reference-signal structure for E-UTRA Downlink MIMO”
[4]
3GPP R1-063054, Motorola, “Issues of non-overlapping DL reference signal with power boosting”
[5]
3GPP R1-061850, Nortel, “MIMO reference symbol for E-UTRA DL”



































































































1.0 ms





Frequency domain




















1.0 ms





Frequency domain








PAGE  
1

[image: image1][image: image22.wmf]D

T

1

T

3

T

4

T

2

D

D

T

1

T

3

T

4

T

2

D

D

T

1

T

3

T

4

T

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

2

D

D

T

1

D

D

T

2

D

D

T

1

D

D

T

2

D

D

T

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

D

D

D

D

D

D

D

D

D

D

T

4

T

1

D

D

T

2

T

3

T

4

T

1

D

D

T

2

T

3

T

4

T

1

D

D

T

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

2

D

D

T

1

D

D

T

2

D

D

T

1

D

D

T

2

D

D

T

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

D

D

D

D

D

D

D

D

D

D

[image: image23.wmf]D

T

1

T

3

T

4

T

2

D

D

T

1

D

D

T

2

D

D

T

1

T

3

T

4

T

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

2

D

D

T

1

D

D

T

2

T

3

T

4

T

1

D

D

T

2

D

D

T

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

D

D

D

D

D

D

D

D

D

D

D

T

1

D

D

T

2

T

3

T

4

T

1

D

D

T

2

D

D

T

1

D

D

T

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

2

D

D

T

1

D

D

T

2

D

D

T

1

T

3

T

4

T

2

D

D

T

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

D

D

D

D

D

D

D

D

D

D

_1229934413.bin

_1229934674.bin

_1229934945.bin

_1229934956.bin

_1229934936.bin

_1229934930.bin

_1229934664.bin

_1229906527.bin

_1229906538.bin

_1229906601.bin

_1229934390.bin

_1229906925.bin

_1229906564.bin

_1229906536.bin

_1229903548.vsd
�

D1


D2


D3


D4


P1


P2


P3


P4


P1


P2


P3


P4


P1


P2


P3


P4


D1


D2


D3


D4


FREQ


TIME


D1


D2


D3


D4


D1


D2


D3


D4


D1


D2


D3


D4


D1


D2


D3


D4



_1229906519.bin

_1229906517.bin

_1229903493.vsd
�

P1


D1


D2


D3


D4


D1


D2


D3


D4


P2


P3


P4


P1


P2


P3


P4


D1


D2


D3


D4


D1


D2


D3


D4


P1


D1


P2


P3


D2


D3


D4


D1


D2


D3


D4


P4


FREQ


TIME



