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1 Introduction

The basic downlink reference-signal structure for one transmitter antenna is described in RAN1 TR 25.814[1]. For one transmit antenna, there are two reference symbols in each downlink sub-frame, which are located in the first and the third last OFDM symbols of every sub-frame respectively.  

For multiple transmitter antennas in downlink, the reference signal design for two transmit antennas seems to be reaching consensus among companies, however,  there still exist different design and opinions for reference signal design for four transmit antennas. Nortel made some proposals on downlink MIMO reference structures for 2 Tx and 4 Tx [2]-[4].  
 In this contribution, three possible reference signal structure for 1.0ms TTI are proposed for 4 Tx, which all have staggered structure but different reference signal densities. The reference signal structure proposed in [5] for 4 Tx is also investigated. The channel estimation performance using these reference signal structure are compared and conclusions and recommendations are made.  
2 Reference-signal structure 

Figure 1 shows the basic single antenna reference signal structure adopted in TR 25.814.  The first and second reference symbols are staggered in the frequency domain. The structure provides the optimal channel estimations for both fast frequency selective fading channel and very high speed, for example 350 km/h. To obtain the similar MIMO channel estimation performance, the reference signal design for each transmitter antenna should follow this basic structure. However this may require more reference signal overhead, specifically for 4 transmit antennas scenario. 
Figure 2-4 show three possible reference signal structures for 4 Tx , which have different reference signal density. They are called option 1, option 2 and option 3 in this contribution, respectively. Figure 5 shows another reference signal structure proposed in [5]. The difference between option-2 and that of  [5] is in that for option-2, reference signals  from the same transmit antennas are staggered in frequency dimension in contiguous sub-frames while for later one, there is no such staggering. In RAN1 meeting in Tallinn, TTI length of 1.0ms (2 sub-frames) is agreed. Therefore, it is not necessary to keep the same structure of reference signal in each sub-frame. For convenience, the reference signal structure introduced in [5] is referred as “non-staggered” structure throughout this contribution.   
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Figure 1:Basic downlink reference-signal structure
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Figure 2: Downlink reference-signal structure for 4 Tx, Option 1
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Figure 3: .  Downlink reference-signal structure for 4 Tx, Option 2
[image: image4.emf]     

T 1    : R eference symbol of Tx1   

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   D   D   D   D   D  

D   D   D   T 3     D   D   D   T 2     D   D   D   D   T 1     D  

D   D  

 

T 3    

  Figu re  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  

0.5 ms  

Frequency domain  

T 3    :  Reference symbol of Tx3   D    :  Data  

D   D  

D  

D   D   T 3   D   D   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  

T 1   T 4   T 2  

T 4     T 1     T 3    

 :  R eference s ymbol   of Tx2   dofdTxTcx1l    : R eference symbol of  Tx4   T 4   T 2  

T 3   D  

D   T 4    

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   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   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  

T 2   T 4   T 1   T 2   T 1   T 3   T 3  

T 4     T 2     T 4     T 1     T 3     T 3     T 1    

1 ms 


Figure 4: .  Downlink reference-signal structure for 4 Tx, Option 3
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Figure 5  Downlink reference-signal structure for 4 Tx,  Non-staggered
Among the different reference structure illustrated in the previous section, some analyses can be made as follows
· Option 1 (as shown in figure 2) should provide the best overall performance among all the reference signal structures as it preserves the same reference signal density as that of single transmit antenna along both time and frequency dimension. This structure could be useful especially at high mobility when all the other structure with less RS density could fail.  The cost for this structure however is around 20% overhead, compare to around 10% overhead of other structure.

· Option 2 (shown in figure 3) and “non-staggered” (shown in figure 5) structure have the same reference signal overhead. However, the performance of option 2 should be better than that of “non-staggered” structure especially at low mobility. This is because that by staggering the reference signals from the same antenna, the neighboring reference signals from the same antennas form a diamond shape, this could allow UE to apply adaptive channel estimation algorithm like the one proposed in [3] to adaptively determine which direction (frequency/time) to apply interpolation/extrapolation first. For example, if the channel is very dispersive and the mobility is low, the algorithm can automatically decide the order of  interpolation/extrapolation by applying that along the time direction first followed by the frequency direction. While for scenario of high mobility and less dispersive channel, such order could be reversed. For “non-staggered” structure, as the neighboring reference signals from the same transmit antenna form a rectangular shape, such adaptive solution can not be applied. That makes this structure not robust to different channel scenarios.

· Option 3 structure is similar to option-2 in that both use staggered reference signal structure along frequency dimension. It differs from option-2 in that it trade the reference signal density in the frequency direction with that in the time direction. This would make it work better in such scenarios with high mobility and less dispersive channel but less efficient in dispersive channel. 
3 Simulation conditions 
Simulation assumptions are as following:

· 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

· Adaptive 2-D interpolation for channel estimation (ref[3])

· Channel models: TU, 3km/h, 120 km/h 
· Pilot power boost : 6dB for 4 Tx case. This will allocate the same power of each OFDM symbols

· Channelization: 300 UE tones are allocated pair wise over the whole band of one TTI. 
4 Simulation Results
Figure 6-11 show the simulation results comparing downlink systems with different reference signal structures at different mobile speed
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Figure 6  Comparison of RS structures at QPSK 3km/h
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Figure 7 Comparison of RS structures at QPSK 120km/h
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Figure 8. Comparison of RS structures at QPSK 350m/h
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Figure 9. Comparison of RS structures at QAM-16 3km/h
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Figure 10, Comparison of RS structures at QAM-16 120km/h
[image: image11.emf]MIMO pilot: QAM-16, TU 350km/h

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

1.00E-02

1.00E-01

1.00E+00

5.00 10.00 15.00 20.00

SNR (dB)

BLER

ideal Ch Option 1 Option 2

Option 3 Non-staggered


Figure 11, Comparison of RS structures at QAM-16 350 km/h
From the simulation results presented in this section, several observations can be made as follows:
· At low speed (3km/h ) ( Figure 6 and Figure 9), option 1 and option 2 have similar performance, and outperform other two options, non-staggered and option 3. Option 3 underperforms all other option since the reference signal spacing in frequency direction is 12 and it is too large for highly dispersive channel like TU channel. The loss of non-staggered reference signal structure over option 1 and option 2 is about 1.5dB for QPSK and 3.0dB for QAM-16

· At speed of 120km/h ( Figure 7 and Figure 10), option 1 structure outperforms all other options in case of QPSK and QAM-16. Option 1 structure has about 0.3dB gain over option 2 structure in case of QPSK, while it has about 1.2dB gain over option 2 structure for QAM-16. Option 2 structure has about 0.9dB gain non-staggered structure for both QPSK anf QAM-16. 
· For even higher speed such as 350 km/h ( Figure 8 and Figure 11). in case of QAM-16, there is significant loss for all options except option 1. Option-2 has about more than 5dB loss to option 1 ( at BLER =10%), but is slightly better than non-staggered structure. For QPSK case, all options has about 0.4dB loss from their corresponding performances at 120km/h. Option 1 is always the best one as expected as its time direction density ( so is its overhead) is doubled.
The observations are in general inline with the discussion and analysis made in Sec 2.  
5 Conclusions and Recommendations

From the analysis and observation made above, we can draw the following conclusions:
· From performance point of view, option 1 structure is superior to other structures and should be able to support mobile speed up to 350 km/h. 

· Option 2 structure has half the overhead as option 1. It has almost the same performance as option 1 structure at low speed and outperforms non-staggered structure up to 350km/h. 
· Option 3 may become a candidate for less dispersive channel with high speed. But for the current TU channel environment, its performance is not acceptable due to the large frequency spacing. 

· Non-staggered structure has the same overhead as option 2 structure, but its performance is inferior to both option 1 and option 2 at low and high speed. At high speed, its performance has significant loss, which prevents the system from operating 
From simulation and analysis, we would like to make the following recommendations regarding downlink MIMO reference signal structure for 4 Tx:

· To adopt option-1 as reference signal structure for four transmit antennas system if we want to keep the high mobility performance the same as that for one and two transmit antennas cases. 

· To adopt option-2 as reference signal structure for four transmit antennas system if the four transmit antenna MIMO is only targeted for the speed less than 120 km/h.
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