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1 Introduction

Basic downlink reference-signal structure for one transmit antenna has been defined for E-UTRA in the current RAN1 TR [1] and RAN TR [2]. There are two reference symbols every downlink sub-frame which are located in the first and third last OFDM symbols respectively. On the other hand MIMO downlink transmission is also supported in current technical reports [1-2]. Therefore the reference–signal structure for MIMO transmission should be considered. 
DL MIMO reference signal structure has been discussed by Nortel in Helsinki LTE ad hoc meeting. There were also some discussions about the reference signal structure for DL MIMO mode in Shanghai’s meeting, for example [4]-[6].  The presentcontribution provides further investigation of the downlink MIMO reference-signal structure. We present the MIMO pilot performance evaluation under TU channel. We also compare the performance of FDM based MIMO pilot design and CDM based MIMO pilot design. 
2 Reference-signal structure for downlink MIMO
Figure 1 shows the reference signal structure for downlink MIMO with two transmit antennas. Spacing (in frequency domain) between reference symbols of the same antenna in frequency domain being M= 6. The first and the second reference symbol are staggered in frequency direction. Reference symbols for different transmit antennas are multiplexed in FDM manner, such that the interference between pilots from different transmit antennas isminimized and the channel estimation accuracy is enchanced.
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Figure 1.  Downlink FDM reference-signal structure for 2Tx with M = 6
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Figure 2.  Downlink CDM reference-signal structure for 2 Tx with M = 6
3 2-D adaptive channel interpolation 
One of the advantages of staggered reference symbols from each transmit antenna is that the adaptive 2-D interpolation can be applied in channel estimation. Figure 2 shows the diagram of 2-D adaptive interpolation for each transmit antenna. The same interpolation method can be applied to each transmitter independently.

[image: image4]
Figure 3  Adaptive 2-D interpolation for channels of reference symbols of one Tx.
The details of 2-D adaptive interpolation are explained as following:

1. For each parallelogram, using either phase change or inner product method to calculate channel response changes along time and freq directions

2. Using majority vote to determine which direction of interpolation should be applied first (the decision is updated every TTI).

3. Using linear interpolation (either along time or freq dimension based on the outcome from step 2) to obtain the channel estimation at center of each parallelogram.

4. Get the channel estimation for rest tones by two steps of interpolation:  2nd order Lagrange interpolation along time dimension and 3rd Lagrange interpolation along freq dimension, the order of interpolation is based on outcome of step 2
4 Channel estimation algorithm for CDM based pilot design
With the CDM pilot pattern, as shown in Figure 3, the received pilots in the first OFDM symbol in each TTI for each receive antenna can be written as

y1[k]= (h1[k] + h2[k]) p + n1[k],    for    k =2, 2+(, 2+2(,…

and the received pilots in the fifth (third last) OFDM symbol in each TTI can be written as 

y5[k+(/2]= (h1[k+(/2] - h2[k+(/2]) p + n5[k+(/2],   for    k =2, 2+(, 2+2(,…,

where, h1 is the channel coefficient corresponding to the first transmit antenna and h2 is the corresponding channel coefficient for the second transmit antenna, p is the transmitted pilot signal, n is noise, k is the tone number and ( is the pilot spacing in the frequency domain (6 in this example)..

To overcome the frequency and time offset in the pilot pattern, the following method is used. With a slow fading channel, the channel does not change very fast along time and by means of interpolation along the time domain, one can find the equivalent h1 - h2 in the first OFDM symbol at tone number k+(/2 and h1 + h2 in the fifth OFDM symbol at tone number k. Now, in both the first and the fifth OFDM symbols, the received pilots represent h1 + h2 and h1 - h2 with the tone spacing of (/2, alternatively. Note that this represents a low-pass signal for h1 and a high-pass signal for h2. A low-pass filter de-spreads the pilot code by filtering out h2 and lowers the noise level at the same time. The same approach for h2 can filter out h1. Since the channel coherence bandwidth is not known, a low-pass filter with the normalized cut-off frequency of 1/2 is used. Now, the pilot codes are de-spread and h1 and h2 at the pilot tones are known independently. Hence, interpolating over the time and frequency domains yields the channel coefficients over all tones.

If the channel is fast fading, interpolating the received pilots over the frequency and then filtering over the time domain results in a better channel estimation.
5 Simulation conditions and results 
Simulation assumptions are summarized as following:

· 10 MHz channel (1024 FFT)

· 7 OFDM symbols per TTI, among which 6 OFDM symbols are used to transmit taffic.

· 2x2 spatial multiplexing

· TU 3km/h, 120km/h, 350km/h

· Diversity sub-channel

· Spacing between reference symbols in frequenct domain of the same transmit antenna: M=6
· modulation: QPSK, QAM-16 
· Channel coding rate and block size:  ½, one OFDM symbol per coding block
· The CDM reference symbol multiplexing scheme is compred with proposed FDM scheme based on the same basic reference –signal structure 

· Average pilot tone power is boosted 2.5dB over average data tone power

· For FDM reference symbol, pilot power boost is 4.4dB over data symbol

· For CDM reference symbol, pilot power boost is 2.5 dB over data symbol
6 Simulation results

Figure 4-6 show the simulation results comparing performances of downlink FDM and CDM reference signal aided channel estimation.  

Figure 4 shows that at low speed of 3km/h, CDM reference signal has about 0.5dB or less SNR gain at 1% BLER for both QPSK and QAM-16 and also has about 1Mpps gain in overall gootput. Both CDM and FDM reference signal have about 1-2dB Channel estimation loss. 
Figure 5 shows that at medium high speed of 120km/h, While CDM reference signal has ~0.6 SNR gain in BLER over FDM reference signal for QPSK, it has about 1dB SNR loss to FDM refernce signal. From Goodput point of view, CDM reference signal has about small amount of gain in QPSK case, while very close to FDM reference signal for QAM-16 case.
Figure 6 shows the results at very high speed of 350km/h. In QPSK case. CDM has about 1dB SNR loss at 1% BLER for QPSK and very close Goodput value compared to those of FDM reference signal. In QAM-16 case, CDM shows very big loss ( > 5dB at 10% and >10dB at 1% ) for BLER and Goodput is much lower than those of FDM reference signal as a result of large BLER.
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Figure 4.  2x2 SM with estimation channel, TU 3km/h
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Figure 5. 2x2 SM with channel estimation, TU 120km/h
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Figure 6. 2x2 SM with channel estimation, TU 350km/h
7 Conclusions
· Reference-signal structure, as proposed in Figure 1, together with 2-D adaptive interpolation shows robustness to mobile speed up to 350km/h for QPSK and QAM-16
· While FDM scheme takes more overhead than CDM scheme, the overall performance of FDM scheme is very close to those of CDM at low and moderate speed and FDM has better link throughtput ( as measured by Goodput ) at high speed.
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