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Discussion 

1 Introduction

During the WI there has been discussion whether the common pilot approach is suitable also for the 4 branch MIMO. Performance results on both common and dedicated pilot approach were shown in [1]. Further results are shown in this paper.
2 Simulation Results 
The simulations in [1] were carried out on a link level simulator where the parameterization mostly follows the agreed setup [1]. Two pilot setups were studied in a 4x2 MIMO system in throughput perspective. In this paper, the normalized mean square error (NMSE) of the channel estimates is extracted from the same simulation data and additional data is calculated semi analytically as described in the Appendix. The achievable NMSE is dependent on the used transmission power and the target is to gain more information on the power consumption of the both pilot schemes.  
Semi analytical comparison in terms of NMSE of the layer estimate
The Figure 1 REF _Ref323554941 \h 
 shows the NMSE of a channel and layer estimates for three cases. 

· NMSE of the common pilot estimate per antenna [CP per antenna]
· NMSE of the precoded effective channel calculated from the common pilot channel estimates [CP per layer]
· NMSE of the dedicated pilot channel estimates [DP per layer]
These NMSE values are calculated as shown in the appendix. It is assumed that the channel is flat fading and 4 slot filter is used for common pilot and part of the 4 slot filter overlapping with current HS-DSCH TTI is used for the dedicated pilot due to the limitations set by the changing precoding weight in TTI boundary.

It was concluded in [1] that -19 dB secondary common pilot power per antenna would be sufficient power level. Looking at the “CP per layer -19 dB” NMSE curve in Figure 1 REF _Ref323554941 \h 
 and comparing it to the DP per layer curves indicates that roughly -17 dB dedicated pilot power level should be sufficient dedicated pilot power level per transmitted layer to provide similar NMSE. Even though the dedicated pilot power level is slightly lower than in [1], this result further verifies the results in [1]. There is mainly one reason for the difference. The primary common pilot power (assumed to be -10 dB) was not taken into account in these calculations making the NMSE of common pilot estimate lower quality.
[image: image1.emf]0.000000

0.002000

0.004000

0.006000

0.008000

0.010000

-6 -3 0 3 6 9 12 15 18 21 24

CP per ant -10 dB

CP per ant -13 dB

CP per ant -16 dB

CP per ant -19 dB

CP per ant -22 dB

CP per layer -10 dB

CP per layer -13 dB

CP per layer -16 dB

CP per layer -19 dB

CP per layer -22 dB

DP per layer -10 dB

DP per layer -13 dB

DP per layer -17 dB

DP per layer -19 dB

DP per layer -22 dB


Figure 1. The NMSE of transmit antenna layer estimate as a function of geometry factor.
The NMSE of the channel estimate in link simulations
The NMSE of the channel estimate of the strongest path delay is shown in Table 1 using the same simulation data as in [1]. Dedicated pilot power value chosen for the table is the one providing as similar throughput performance as possible compared to the -19 dB common pilot. Common pilot power assumed in total pilot power calculation has been -22 dB similarly as in [1]. The NMSE of the common pilot scheme represents the NMSE of single transmit antenna whereas the NMSE of the dedicated pilot scheme represents the NMSE of the precoded layer. If the receiver algorithm is utilizing the precoded effective channel, the common pilot antenna estimates are combined with the assumed precoder in order to form the estimate on the effective channel. This should be taken into account while making the comparison. In general intention here is to compare NMSE results to the results obtained by semi analytical method and show that they are quite similar hence validating the overall conclusion of the semi analytical study.
Table 1. Pilot power consumption in Pedestrian A channel.

	Geometry factor [dB]
	Secondary Common pilot power per antenna [dB]
	NMSE of ch est. for the strongest path
	Total Common pilot power [dB]
	
	Dedicated pilot power per layer [dB]
	NMSE of ch est. for the strongest path
	Total pilot power [dB]

	G=3
	-19
	0.004
	-8.6
	
	-16.0
	0.0016
	-8.4

	G=6
	-19
	0.002
	-8.6
	
	-15.0
	0.0007
	-8.1

	G=9
	-19
	0.001
	-8.6
	
	-16.0
	0.0006
	-7.9

	G=12
	-19
	0.0008
	-8.6
	
	-16.0
	0.0005
	-7.8

	G=15
	-19
	0.0005
	-8.6
	
	-16.0
	0.0003
	-7.7

	G=18
	-19
	0.0004
	-8.6
	
	-16.0
	0.0003
	-7.8

	G=21
	-19
	0.0003
	-8.6
	
	-16.0
	0.0002
	-7.8

	G=24
	-19
	0.0003
	-8.6
	
	-16.0
	0.0002
	-7.7


3 Conclusion
This paper compares the common and precoded dedicated pilot solutions for the demodulation and further confirms the results in [1]. 
The dedicated pilot solution will have impact on the UE channel estimation and related processing. Hence, significant gain should be demonstrated by the new solution in order it to be easily justifiable. 
Conclusion in [1] is confirmed here: The results show that in the demodulation only point of view, the dedicated pilot solution has some benefit in terms of pilot power consumption. However, since the common pilot signal is anyway required in the system, the total pilot overhead of the dedicated pilot solution will exceed the total pilot power consumption of the common pilot solution. Hence, the common pilot based solution seems most favourable.
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5 Appendix 1: Calculation of the NMSE of the channel estimate
Assume following variables:

Channel matrx H (1xNtx)
Other cell and thermal noise n, where E[nnH] = Pn
Pilot power Ptx,antenna per antenna 

Pilot power Ptx,layer per layer

Spreading gain G

Spreading code ck,j for antenna k and chip j
Channel estimation filter length Lcommon for common pilot estimate

Channel estimation filter length Ldedicated for dedicated pilot estimate

Precoding matrix W
Received signal assuming flat channel and for simplicity only pilot signal for chip j for symbol n and antenna k equals
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And correlation by spreading code leads to despread symbol estimate
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Multiplication by conjugate pilot symbol leads to unfiltered channel estimate
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Unfiltered channel estimate is filtered over L samples to obtain final channel estimate
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NMSE of Common pilot estimate
The NMSE of common pilot estimate of each transmit antenna k
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The NMSE of precoded layer estimate based on common pilot estimates
The estimate of the precoded layer can be calculated from the antenna channel estimates by taking into account the precoding weight. Assuming that errors between the transmit antenna estimates are independent, a simplified model can be derived. In other words, [image: image8.png]


 where [n’n’*] = Pn/(GLcommonPtx,antenna) and therefore
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And assuming same transmit power for all transmit antennas
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Where the precoding vector Wj maximizes the SINR for simulated channel sample j. This indicates that a semianalytical simulation is needed to calculate the NMSE.

The NMSE of precoded layer estimate based on Dedicated pilot estimate

Assuming that the precoded channel [image: image13.png]HW;



is estimated directly, the channel estimate
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For channel sample j. The
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Where Wj once again maximizes the SINR for simulated sample j.

