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1 Introduction

At the RAN1#46bis meeting in Seoul, several different Down Link Reference Symbol (DL-RS) patterns were proposed for the 4 TX antenna scenario.  There was a concern about the performance of noise estimation when larger DL-RS temporal spacing occurs, whether in the 4 Tx working assumption (Figure 2), or option 2 of [1](Figure 3).  
In this contribution we evaluate the noise estimation performances based on the different RS structures, and show that noise estimation should not be used as a criterion when pilot patterns are selected.  The basic argument is that even at moderate speeds two neighbouring pilot symbols are not correlated enough in the time domain for accurate noise estimation.  They are in fact more correlated in the frequency domain, than they are in the time domain.  Therefore for these velocities (30+ km/h) the UE should use a noise estimation scheme which operates in the frequency domain.  
We additionally present one possible method for estimating the noise power level which only uses the frequency domain and therefore is unaffected by the RS density in the time direction.  

2 Reference Signal Patterns

Below are the three Reference Symbol (RS) patterns under consideration

[image: image1]
Figure 1: Downlink reference-signal structure for 4 Tx, Baseline


[image: image2]
Figure 2: Downlink reference-signal structure for 4 Tx, Working Assumption
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Figure 3: Downlink reference-signal structure for 4 Tx, Option 2
3 Noise estimation
Noise estimation is one important aspect to enable a high performance  reveiver. There are different ways to estimate the noise.
3.1 Noise estimation along the time domain

Let us consider a noise estimation scheme which works only along the time domain.  This is not intended to be the only option but rather an example of how these methods fail at high speeds.  The algorithm we consider is to subtract two neighboring pilot tones and assume the remaining signal is noise.
Let ri be the received signal of one of the RS, and ri+1 be received signal of the RS closest too it in the time domain.  We can write ri = hixi+n, with hi representing the channel, and xi the transmitted RS.  Our noise sample is 
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Averaging the noise over all the received pilot tones we see the following performance.  Note that for this simulation we assume the highest density RS pattern of Figure 1.  
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Figure 4: Noise estimation performance using pilots in the time domain
As you can see in Figure 4 this estimator becomes very biased even at moderate velocities,. It can also be seen that the variance of the estimate also increases with speed and thus this estimator unsuitable for use for even moderate velocities.  

Whilst this does not prove that time domain only estimators cannot work, it shows that even for moderate velocities, temporal changes in the channel can quickly become greater than the noise.  Therefore even at moderate velocities the UE must consider the frequency domain.  Section 3 examines this further and shows at what velocity the correlation is stronger in the frequency direction than the time domain for several different channel models.

3.2 Autocorrelation comparison

If we assume the autocorrelation is given by 
[image: image6.wmf])
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 we can calculate the correlation between two RS in the time domain.  For comparison we consider 3 different RS distributions.  7 OFDM symbols separation represents the spacing of the baseline and working assumption RS pattern ( Figure 1 and Figure 2) while 14 OFDM symbols is the second  option for the RS pattern (Figure 3 ).  For comparison a 3 OFDM separation is also considered which corresponds to perfect frequency interpolation.   A short CP is assumed. 
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Figure 5: Time Domain Autocorrelation of Neighbouring RS for different spacing
We can also calculate the correlation between neighboring tones in the frequency direction for the various channel models considered.  The autocorrelation between neighboring tones for different channel tap models is given by
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Considering a frequency separation of 6 sub-carriers (90 kHz) the correlations are displayed below.
	Channel
	Pa
	Pb
	Va
	Vb
	TU

	Correlation (abs)
	0.9995
	0.9399
	0.9796
	0.9371
	0.8716


The velocity at which the correlation in the time domain equals the correlation in the frequency domain are displayed below.
	Channel
	Pa
	Pb
	Va
	Vb
	TU

	3 OFDM symbols [km/h]
	9
	100
	58
	102
	147

	7 OFDM symbols [km/h] 
	3.5
	44
	25
	44
	63

	14 OFDM symbols [km/h] 
	2
	22
	13
	22
	32


As the UE must be able to accurately estimate the noise above these velocities, even in the high temporal density pilot pattern, it should already have a mechanism to switch calculations from the time to frequency direction.  Therefore if a UE can accurately calculate the noise for velocities greater than 150 km/h with the high temporal density pilot pattern, then it can also accurately calculate the noise in the low temporal density pilot pattern.  Therefore the temporal density should not affect the performance of the noise estimation algorithm.
3.3 Estimating Noise in the frequency domain
In this section we present a sample algorithm to calculate the noise level which is not dependent on the RS density in the time domain.  This is not intended to be the only method for doing this nor the best way, but is instead merely intended to show that it can be done.

The basic concept is to use the control channel to estimate the noise level.  The control channel must be decoded by every UE and therefore by re-encoding the control channel it may be used as reference symbols for estimating the noise.  

Let ri be the received signal on one sub-carrier in the control channel, and ri+1 be the subcarrier next to it.  We can write ri = hixi+n, with hi representing the channel, and xi the transmitted control symbol.  Our noise sample is 
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We can solve for the mean and variance of this random variable


[image: image10.wmf]{

}

(

)

2

2

4

2

2

2

2

ˆ

var

ˆ

h

h

E

D

+

»

D

+

=

s

s

s

s

s


As the two sub-carriers are located next to each other the biasing term should be very small even for very dispersive channels.  The means along with 95% confidence intervals are shown in Figure 6 below; these were simulated over the Pb and TU channel. 
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Figure 6:  Noise estimation performance
4 CQI measurement 

Some issues were raised on the impact of the imbalance of the post processing SNIR measurement for different Tx antennas because of the difference of the channel estimation quality for different transmit antennas.   This difference becomes significant for high speed users.   Closed loop schemes are only applied for low speed users, and therefore the channel estimation quality should be similar for all transmit antennas assuming sufficient buffering of pilots can be achieved.  However for open loop schemes the mobility of some users are expected to be quite high, and thus the channel estimation quality will be different for the different transmit antennas.  Solutions to mitigate this impact for open-loop transmit diversity are as follows:  

Rate-1: SFBC+FSTD
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If we assume that antennas with the same RS density are used to generate STC blocks, the receiver for each set of antennas is separate and hence a normal method of CQI measurement can be used.  

For receivers which can not be separated (MMSE for SM and rate-2 diversity scheme for example) we believe the present method of CQI calculation can be extended by considering more than one channel estimation error when determining the SINR penalty for the selection of coding/modulation.  We believe that this can be done with only a small increase in complexity.

5 Conclusions

In this contribution we show that the UE cannot depend solely on the coherence of the Reference Symbols in the time direction to estimate the noise/interference power level, even with the original dense pilot pattern. The UE must use more advanced methods to calculate the noise power.    There are many such methods which can depend solely on the frequency domain; A control channel based noise estimation scheme is proposed which gives adequate performance.  
Therefore we believe that when reference symbol patterns are compared, the measurement of noise power should not be an issue.
Additionally we show that for SFBC-FSTD the CQI measurement can be separated for Tx 1,2 and Tx 3,4.
Reference:
[1] R1-062751 “Consideration on MIMO DL Reference Signal Design for 4 Tx”, RAN1#46bis Seoul, Nortel 
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