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1. Introduction

In RAN1 #46bis meeting, the working assumption for reference symbol (RS) positions in the 4 transmit antenna (4 Tx) case was concluded. In this contribution, the working assumption is evaluated in simulations against three previously proposed RS structures for 4 Tx transmission on the link level. The block error rate (BLER) performance resulting from the use of these RS structures is compared together, with ideal channel estimation as reference case.
Conclusions are drawn and recommendations regarding the choice of the RS structure for 4 Tx are made.
2. Simulation results
A total of four different reference signal structures are considered in this contribution. They are further referred to as Option 1, Option2, Option 3 and Option 4. Those are summarized in Table 1 below, and are more precisely described in Appendix. 
Table 1 Reference Signal Structures
	Reference signal structure
	Overhead

	Option 1 – according to TR 25.814
	19%

	Option 2 – based on R1-063007
	15.5%

	Option 3 – working assumption R1-062993
	14.3%

	Option 4 – based on R1-062751
	9.5%


Option 1 should deliver the best performance since it has the largest pilot density. Option 1 also gives equal amount of pilot energy to all the antennas. 
Options 2 and 3 prioritize antennas 1 and 2 by reducing the pilot power of antennas 3 and 4 when compared to Option 1. 
Option 4 has the lowest amount of pilot energy, and also different pilot locations for the 1st and 2nd antenna when compared to the 2 Tx antenna baseline in [1]. 

Simulations studies were conducted with parameters as described in Table 2.
Table 2 Link Simulation Assumptions
	Parameter
	Value

	DL modulation
	QPSK, 16-QAM

	Coding for data channel
	Turbo coding, R=1/2

	Subframe duration / TTI length
	0.5ms / 1ms

	Transmission bandwidth
	5 MHz

	Used subcarriers
	300

	CP length
	36 samples

	Number of OFDM symbols per TTI
	10 (data) + 4 (pilots + overhead)

	Turbo-Decoding
	Max-Log, 8 iterations

	HARQ
	Not used

	Antenna Configuration
	4x2, 4x4 (4( spacing @ eNodeB)

	Multiantenna transmission mode
	4x2 DSTTD, 4x4 spatial multiplexing

	Carrier frequency
	2 GHz

	Channel model
	TU (6 taps)

	Channel estimation
	2D-Wiener filter 

	UE speed
	3 km/h, 120 km/h

	Receiver
	QRDM (M=32), MMSE


The simulation results are presented in Figures 1-4 for the 4x2 DSTTD multiantenna transmission mode whereas results for 4x4 spatial multiplexing are shown in Figures 5-6.
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Figure 1 BLER comparison of RS structures (DSTTD, LMMSE receiver, QPSK, 3 km/h)
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Figure 2 BLER comparison of RS structures (DSTTD, LMMSE receiver, QPSK, 120 km/h)
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Figure 3 BLER comparison of RS structures (DSTTD, LMMSE receiver, 16-QAM, 3 km/h)
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Figure 4 BLER comparison of RS structures (DSTTD, LMMSE receiver, 16-QAM, 120 km/h)
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Figure 5 BLER comparison of RS structures (4x4 spatial multiplexing, QRDM receiver, 16-QAM, 3 km/h)
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Figure 6 BLER comparison of RS structures (4x4 spatial multiplexing, QRDM receiver, 16-QAM, 120 km/h)


We may now analyze the simulation results as follows. As expected, Option 1 has the best performance in terms of BLER in all scenarios, thanks to its high pilot density. Option 2, Option 3 and Option 4 follow respectively in terms of performance. Naturally, the BLER performance of the different schemes is proportional to the amount of pilot symbols they carry. 
Differences are noticeable between low and high mobility scenarios. While all RS schemes perform within less than 0.5 dB with respect to each other at 3 km/h terminal velocity, the gap within them increases significantly at 120 km/h. We observe that Option 3 (i.e., the working assumption) performs extremely close to Option 1 at low speeds, while it moderately suffers from the increased velocity. As opposed to other schemes, Option 4 suffers the most from the increased time-selectivity of the channel. Finally, it is noticed that the performance difference between Option 2 and 3 is marginal.
Table 3 summarizes these findings by showing the gap in dB to ideal channel estimation at 1e-1 BLER for the four considered RS placement schemes under various transmission scenarios.
Table 3 Gap (in dB) to ideal channel estimation at 1e-1 BLER
	
	Option 1 (19%)
	Option 2 (15.5%)
	Option 3 (working assumption, 14.3%)
	Option 4 (9.5%)

	DSTTD, QPSK, 3km/h
	0.5 dB
	0.6 dB
	0.65 dB
	0.85 dB

	DSTTD, QPSK, 120km/h
	0.8 dB
	1 dB
	1.1 dB
	1.4 dB

	DSTTD, 16-QAM, 3km/h
	0.4 dB
	0.5 dB
	0.6 dB
	0.9 dB

	DSTTD, 16-QAM, 120 km/h
	0.8 dB
	1.1 dB
	1.3 dB
	1.5 dB

	4x4 spatial multiplexing, 16-QAM, 3 km/h
	0.4 dB
	0.6 dB
	0.6 dB
	0.9 dB

	4x4 spatial multiplexing, 16-QAM, 120 km/h
	0.8 dB
	1 dB
	1.1 dB
	1.5 dB


3. Discussion and conclusion
In this contribution we compared different reference symbol placement schemes for 4 transmit antennas in FDD downlink. It can be concluded that the working assumption from RAN1 #46bis provides a good trade-off between performance and overhead in terms of BLER behaviour. Hence the working assumption (Option 3 in this document) could be chosen as the 4 Tx antenna pilot position scheme for LTE FDD downlink. However, as the overhead of reference sequences for 4 transmit antennas is non-negligible, it is still made questionable, whether it is efficient to include all of them to every TTI. The pilots could be placed as well to OFDM symbols 5 and 12, instead of symbols 1 and 8 (in case of short CP) as it is currently the case for the working assumption. This would not imply any loss in performance, but would allow more efficient use of resources for L1/L2 control channel, especially in the case of “TDM” multiplexing of control and data. 
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Appendix - RS structures considered in this contribution
Option 1 – according to [TR 25.814] (19% overhead)
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Option 2 – based on [R1-063007] (15.5% overhead)
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Option 3 – working assumption [R1-062993] (14.3% overhead)
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Option 4 – based on [R1-062751] (9.5% overhead)[image: image10.wmf] 
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