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1. Introduction
Basic reference signal structure in the SISO-mode is described in RAN1 TR 25.814[1] 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 direction) between the reference symbols is set to be M = 6 sub-carriers in the SISO-mode. And we discussed the several reference symbol structures for Node-B (2 or 4 antennas) based on the MIMO-mode. Regarding the reference signal structure for 2-Tx antenna MIMO in downlink, it is agreed in the last RAN1 meeting in Seoul as follows:
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Figure 1. Downlink reference signal structure for 2-Tx

And 4-Tx reference signal structure in R1-062993 is agreed as working assumption and we submitted the contribution to be confirmed by performance evaluation in this meeting. The reference signal structure for 4-Tx antenna MIMO has to fulfill following requirements.
· Reference signal from 1-TX antenna transmission are kept in the same positions also for the 4-TX antenna MIMO RS structure

· Reference signal overhead in the order of 15%

In this contribution, we discuss the reference signal structure of 4-TX antenna MIMO for 1.0ms TTI with link level simulation result.
2. Reference signal Structure for 4-Tx antenna MIMO
Figure 2 shows reference signal structure for 4-TX antenna MIMO using 14.3% pilot overhead as proposed in [2].
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Figure 2. Downlink reference signal structure for 4-Tx (14.3%) – Working assumption
Figure 3-4 show two possible reference signal structures for 4-Tx antenna MIMO using 14.3% pilot overhead, which are staggered in frequency direction in one sub-frame and set to be M = 12 sub-carriers in one OFDM symbol. The difference between Option-1 and Option-2 is in that for Option-2, reference signal sets from the same transmit antennas in one sub-frame are staggered in frequency direction in contiguous sub-frames.
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Figure 3. Downlink reference signal structure for 4-Tx (14.3%) – Option-1
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Figure 4. Downlink reference signal structure for 4-Tx (14.3%) – Option-2

3. Simulation Result
In this section, the mean squared error (MSE) and the block error rate (BLER) performance of the channel estimation using the reference signal in 4-Tx antenna MIMO-mode will be shown. And the single user throughputs performance 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 (2 sub-frames)

	Resource block size
	12 subcarriers * 10 OFDM symbol + 24 subcarriers

	Cluster size per 1 user
	3 RB

	Channel Models
	Typical Urban (6-ray)

	Mobile Speed
	3 km/h, 120 km/h, 350 km/h

	Modulation schemes and channel coding rates
	QPSK (R=1/3, 1/2, 3/4)

16-QAM (R=1/2, 5/8, 3/4)

64-QAM (R= 3/5, 2/3, 3/4, 5/6)

	Pilot power boost
	6 dB

	Channel Code
	Turbo code Component decoder : max-log-MAP

	MIMO mode
	SU-MIMO with CDD

	Resource allocation 
	Localized mode (3 km/h), 

Distributed mode (120 km/h, 350 km/h)

	Antenna configuration
	4x1

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

	MIMO receiver
	MMSE receiver

	Channel Estimation
	2-D Wiener filtering [3]
Adaptive 2-D interpolation for channel estimation [4]

	H-ARQ
	Bit-level chase combining

# of Maximum Retransmission : 3
# of Retransmission delay : 3 TTIs

	CQI update period
	3 TTIs


3.2. Performance Evaluation [Using 2-D Wiener filtering]
In this section, we will evaluate the channel estimation performance of each reference signal structure. Link level simulation was done under Typical Urban 3km/h, 120km/h and 350km/h with 2-D Wiener filtering [NT, NF] = [14 symbols, 12 sub-carriers] without using adjacent TTIs. We used two parameters of Wiener coefficient which are 5.5Hz Doppler frequency for 3km/h and 650Hz Doppler frequency for 120 and 350km/h [3].
3.2.1. Mean Squared Error (MSE) Performance
We evaluate the MSE performance of channel estimation with each reference signal structure in Figure 5-7.
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Figure 5. MSE performance using reference signal structure for 4-Tx under Typical Urban 3km/h


[image: image6.wmf]0

5

10

15

20

25

10

-3

10

-2

10

-1

Tx3, Tx4

Tx1, Tx2

[TU, 120km/h]

 

MSE

SNR [dB]



 Working assumption

 Option-1

 Option-2


Figure 6. MSE performance using reference signal structure for 4-Tx under Typical Urban 120km/h
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Figure 7. MSE performance using reference signal structure for 4-Tx under Typical Urban 350km/h

Figure 5-7 show the MSE performance comparing each antenna with difference reference signal structure. At low-speed, Option-2 has a similar performance with the working assumption under 120km/h and better performance under 350km/h due to pilot interval in time direction. And Option-1 has performance loss under slow fading channel. The performance degradation of Option-1 is mainly from the channel estimation error due to pilot interval in frequency direction. However, Option-1 outperforms the other structure under high speed. 
3.2.2. Block Error Rate (BLER) Performance
We evaluate the BLER performance of channel estimation with each reference signal structure in Figure 8-10. 
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Figure 8. BLER performance of channel estimation using reference signal structure for 4-Tx under Typical Urban 3km/h (QPSK R=1/2, 16QAM R=1/2, 16QAM R=2/3, 64QAM R=3/4)
In Figure 8, we compare the BLER performance of the four structures presented for a system consisting of four transmit and one receive antennas under Typical Urban channel. A Turbo code of rate 1/2, 2/3, and 3/4 are exploited and data symbols using QPSK, 16QAM and 64QAM are transmitted under 3km/h. In the simulation results most of the structures show the similar performance except Option-1. When the MCS level goes higher, Option-1 shows the BLER performance degradation like the MSE performance in high SNR using 64QAM. At an operating point of 1% BLER, the performance loss for Option-1 is approximately 2 dB comparing with the other schemes using 64QAM.
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Figure 9. BLER performance of channel estimation using reference signal structure for 4-Tx under Typical Urban 120km/h (QPSK R=1/2, 16QAM R=1/2, 16QAM R=2/3, 64QAM R=3/4)
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Figure 10. BLER performance of channel estimation using reference signal structure for 4-Tx under Typical Urban 350km/h (QPSK R=1/2, 16QAM R=1/2, 16QAM R=2/3)
In Figure 9-10, we compare the BLER performance under 120km/h and 350km/h. In the simulation results, Option-1 and Option-2 can get more performance than working assumption significantly at high speeds under 120km/h. Because the pilot interval of working assumption in time direction is doubled for third and forth antenna compared to Option-1 and Option-2.
3.2.3. Single-User Throughput Evaluation [Using 3 RB]
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Figure 11. Single user throughputs using 4-Tx antenna MIMO under Typical Urban

From the results in Figure 11, we can see the single user throughput of the four transmit and one receive antennas under Typical Urban channel 3km/h, 120km/h and 350km/h. We used 10 MCS levels under 120km/h and 5 MCS levels at 350km/h. 

At mobile speeds of 3km/h, Option-1 does not higher performance due to double pilot interval in frequency direction at 1-TTI. However Option-1 has the best performance among the three structures over 120km/h. And at high mobile speed such as 350 km/h, working assumption shows performance degradation at high SNR range. Option-2 has moderate single user throughput performance which is approximately 15% better than working assumption at mobile speed of 350km/h.
3.3. Performance Evaluation [Using 2-D adaptive channel interpolation]

In this section, we will evaluate the channel estimation performance of each reference signal structure using 2-D adaptive channel interpolation with using adjacent TTIs [4]. At the speed of 3km/h, Using linear interpolation in time direction is first to obtain the channel estimation. At high speed over 120km/h, using linear interpolation in frequency direction is first for working assumption and in time direction is first for Option-1 and Option-2 for the best performance of each case.

3.3.1. Block Error Rate (BLER) Performance
We evaluate the BLER performance of channel estimation with each reference signal structure in Figure 12-14.
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Figure 12. BLER performance of channel estimation using reference signal structure for 4-Tx under Typical Urban 3km/h (QPSK R=1/2, 16QAM R=1/2, 16QAM R=2/3, 64QAM R=3/4)
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Figure 13. BLER performance of channel estimation using reference signal structure for 4-Tx under Typical Urban 120km/h (QPSK R=1/2, 16QAM R=1/2, 16QAM R=2/3, 64QAM R=3/4)
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Figure 14. BLER performance of channel estimation using reference signal structure for 4-Tx under Typical Urban 350km/h (QPSK R=1/2, 16QAM R=1/2)

In Figure 12-14, we compare the BLER performance of the three structures presented for a system consisting of four transmit and one receive antennas under Typical Urban channel. In the simulation results all of the structures have on similar result between using 2-D Wiener filtering and using 2-D adaptive channel interpolation at low speed of 3km/h in Figure 12. However Figure 13-14 shows different looks which are reduced performance gap between working assumption and Option-2 at high speed over 120km/h. In addition, working assumption and Option-2 have reliable performances of 16QAM at 350km/h. That’s because performances of working assumption and Option-2 are improved using 2nd order Lagrange interpolation in time direction with adjacent TTIs.
We summarize the features of using 14.5% overhead as the reference signal for E-UTRA downlink MIMO.
· At low speed in case of 3km/h: 
· 2-D Wiener filtering & 2-D adaptive channel interpolation:
· The working assumption and option-2 which have M=3 interval in frequency direction at 1-TTI have similar performance. Option-1 underperforms the other structures since the reference signal interval in frequency direction is M=6 at 1-TTI.
· At speed of 120km/h: 
· 2-D Wiener filtering without adjacent TTIs: 
· 14.5% overhead structure has reliable performance using QPSK and 16QAM. Option-1 and Option-2 structure outperform the working assumption since the reference signal interval in time direction is shorter than working assumption using. 
· 2-D adaptive channel interpolation with adjacent TTIs: 
· Option-2 performance is similar to working assumption performance because of using adjacent TTIs.
· At 350 km/h:
· 2-D Wiener filtering without adjacent TTIs
· Working assumption has about more than 2dB loss to Option-2 in case of 16QAM, R=1/2 and Option-1 has more than 0.8dB gain than Option-2 structure at an operating point of 10% BLER performance. Option-1 is always the better than the other structure among the other structures at 350km/h. And Option-2 has throughput performance gain which is approximately 15% better than working assumption at mobile speed of 350km/h.
· 2-D adaptive channel interpolation with adjacent TTIs:
· Working assumption and Option-2 have reliable performance of 16QAM at 350km/h using adjacent TTIs.
4. Conclusions

In the contribution, we provided the link performance for the working assumption and its modified Option 1&2 when using 4x1 CDD MIMO scheme and two types of channel estimation schemes, i.e., 2D-Wiener filter using single TTI and 2D-interpolation using multiple TTI. As shown in the performance results above, the available operating range in terms of UE speed for the working assumption and Option 1&2 varies according to the used channel estimation scheme as well as the MIMO receiver algorithm and the 4-Tx antenna MIMO scheme. When we consider the minimum requirement of 16QAM at the UE speed of 120km/h shown in R1-063225, the working assumption and the Option 1&2 with 14.3% overhead are most likely to be working well for the channel estimation and MIMO schemes used in our simulation. Compared with the working assumption, the Option 1 is not beneficial except UE speed of 350km/h, and the Option 2 has the performance gain at high UE speed only for a channel estimation scheme using single TTI. 
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