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1 Introduction

In RAN WG1#46bis meeting, the downlink reference signal design for two transmit antennas has reached consensus among companies. For four transmit antennas, a working reference signal design is agreed [2] and to be confirmed by simulation compared to the baseline reference signal design as proposed in [3]. 
In this contribution, link level performance between the working assumption and the baseline design are presented. Conclusions and recommendations are drawn based on the simulation. 
2 Reference-signal structure 

Figure 1 shows the baseline single antenna reference signal structure as proposed in [3].
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Figure 1: Downlink reference signal structure for 4 TX (Baseline)
. This above structure has the following features:
· Reference signals from each of four transit antennas have the same structure. This provides the same channel estimation quality for signals from each transmitter
· Reference signals for Tx-1 and Tx-2 have the same structure as the reference signal structure for the 2 Tx antenna case as agreed in Seoul meeting.

· Overhead = 19%
As shown in [3], the basline structure offers optimal performance at low and high speed, at the cost of larger overhead. In order reduce the overhead to the acceptable range (<15%), a new reference signal design, shown in Figure 2, was proposed as a working assumption.
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Figure 2, Downlink reference signal structure for 4 Tx (working assumption) 
This working assumption reference signal design has the following characteristics:
· As in baseline reference signal design, reference signals for Tx1 and Tx2 are kept the same as those in 2-Tx RS structure, which is based on the basic RS structure for 1-Tx [1].
· Reference signals of Tx 3 and Tx 4 have the same structure. But they are transmitted in only one reference symbol in each subframe (first symbol of the subframe). RS spacing in the frequency direction is kept as M+6, the same as in Tx1 and Tx 2 case. However RS spacing in time direction is doubled compared to RS of Tx1 and Tx2.  
· Overhead = 14.3%

3 Simulation conditions 
Simulations have been done to evaluate the performance of the working assumption RS structure compared to the baseline RS structure.

Simulation assumptions are as follows:

· 10MHz bandwidth, 1024 FFT, 600 useful sub-carriers
· TTI length, 1.0ms ( 2 sub-frames )
· Turbo Coding, R= 1/2

· QPSK ,  QAM-16

· (4Tx 2Rx)  rate 2 STTD with MMSE receiver
· Number of codewords: Two. Each for one STTD pair. QAM-16 + QPSK ( for Tx antenna pairs 1, 2 and 3, 4, respectively), and QAM-16 + QAM-16 ( for both Tx antenna pairs )
· Adaptive 2-D interpolation for channel estimation (ref[5])

· Channel models: TU, 3km/h, 120 km/h 350km/h
· Pilot power boost : 6dB 
· Channelization: 300 UE tones are allocated pair wise over the whole band of one TTI
· Peak Goodput = (Total no. UE bits transmitted in one TTI) × (1–BLER)/(TTI duration)

Where:
Total no. UE bits transmitted in one TTI 

= (Average no. bits in a coding block) × (No. of coding blocks available within one TTI)
4 Simulation Results
Figures 3 to 8 show simulation results comparing downlink systems with different reference signal structures at different mobile speeds
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Figure 3, BLER comparison of RS structures at 3km/h, QAM16  + QPSK
[image: image4.emf]MIMO pilot:  QAM16+QPSK, TU 120km/h
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Figure 4, BLER Comparison of RS structures at 120km/h, QAM-16  + QPSK
[image: image5.emf]MIMO pilot:  QAM16+QPSK, TU 350km/h
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Figure 5, BLER comparison of RS structures at 350m/h, QAM-16  + QPSK
[image: image6.emf]MIMO pilot: QAM-16 + QPSK, TU 3km/h

Tubo Code, R = 1/2, (4Tx 2Rx) rate 2 STTD
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Figure 6. Peak Goodput  comparison of RS structures at 3km/h, QAM-16  + QPSK
[image: image7.emf]MIMO pilot: QAM-16 + QPSK, TU 120km/h
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Figure 7, Peak Goodput  comparison of RS structures at 120km/h, QAM-16  + QPSK
[image: image8.emf]MIMO pilot: QAM-16+QPSK, TU 350km/h
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Figure 8, Peak Goodput comparison of RS structures at 350 km/h, QAM-16  + QPSK
[image: image9.emf]4 Tx RS: QAM-16+QAM-16, TU 3km/h

Tubo Code, R = 1/2, 2 Rx rate 2 STTD, MMSE

1.00E-02

1.00E-01

1.00E+00

5.00 10.00 15.00 20.00

SNR (dB)

BLER

ideal Ch Baseline Working Assumption


Figure 9, BLER comparison of RS structures at 3 km/h, QAM-16  + QAM-16
[image: image10.emf]4 Tx RS: QAM-16+QAM-16, TU 120km/h

Tubo Code, R = 1/2, 2 Rx rate 2 STTD, MMSE
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Figure 10, BLER comparison of RS structures at 120 km/h, QAM-16  + QAM-16
[image: image11.emf]MIMO pilot: QAM-16+QAM-16, TU 3km/h

Tubo Code, R = 1/2, (4Tx 2Rx) rate 2 STTD

0.00

5.00

10.00

15.00

20.00

25.00

30.00

5.00 10.00 15.00 20.00

SNR (dB)

Peak Goodput (Mbps )

Baseline Working Assumption


Figure 11, Peak Goodput comparison of RS structures at 3 km/h, QAM-16  + QAM-16

[image: image12.emf]MIMO pilot: QAM-16+QAM-16, TU 120km/h
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Figure 12, Peak Goodput comparison of RS structures at 120 km/h, QAM-16  + QAM-16
Observations:
· At mobile speeds of 3km/h and 120km/h, the working assumption has a BLER performance very close to the baseline (Figure 3-4 for QAM-16 + QPSK system and Fig. 9-10 for QAM16 + QAM16 system). Since the working assumption has a lower RS overhead, it shows higher (at 3km/h) or similar (at 120km/h) peak goodput than the baseline. (See Fig. 4-5 for QAM-16 + QPSK system and Fig. 11-12 for QAM-16 + QAM-16 system). 
· At very high mobile speeds (350km/h), the BLER performance of the working assumption has more degradation (about 2.5 dB at 1% BLER) than the baseline (Figure 5). This is because the RS spacing in the time direction is almost doubled for Tx 3 and Tx 4 in the working assumption compared to the baseline RS pattern. 
From a throughput point of view, the Peak Goodput of the working assumption is better than that of the baseline in the low SNR range (< 11dB) and high SNR range (> 15dB).  This is due to the reduced overhead of the working assumption, and the very small difference between the BLER values of two structures.  The baseline RS structure shows a maximum 1dB gain over the working assumption during the SNR range 11-15dB
5 Conclusions and Recommendations

From the simulations and observations made above, we can draw the following conclusions:
· The working assumption is confirmed as a viable RS structure for 4 Tx with the following characteristics:
· An acceptable overhead of 14.3%.
· An unchanged RS structure for the 1st Tx and 2nd Tx 

· Uses only the first and the fifth OFDM symbols within a subframe

· Similar staggered RS shapes for four Tx facilitate adaptive interpolation.
· Throughput gain at low and high mobile speed, minor throughput loss at very high mobile speed.
We would like to recommend the working assumption as downlink MIMO reference signal structure for 4 Tx.
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