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1 Introduction
The uplink pilots for E-UTRA are presumed to offer channel estimation for coherent detection and possible channel-quality measurement for uplink channel-dependent scheduling. To achieve the two purposes, two kinds of pilot structures can be applied [1]: FDM or CDM. 
In this contribution we will explore the impacts of FDM pilot density on coherent detection and channel dependent scheduling. These impacts are revealed through BLER performance and channel quality (CQ) estimation error. 
2 Pilot Density Impact on BLER Performance
For FDM pilot structure, different values of RPF (Repetition Factor) lead to different pilot sub-carriers densities, which can impact the channel estimation accuracy. 
In case of distributed-FDM, the two pilot Short Blocks can have different RPFs respectively in one sub-frame, e.g. RPF=M in SB1 and RPF=N in SB2, this is referred to as 1/M+1/N pilots in the following text. 
We obtain the BLER performance of different pilot density settings, and Table 1 lists the simulation assumptions. We do not apply staggered pilots in case of 1/2+1/2 pilots.
Table 1 simulation assumptions
	Parameter
	Assumption

	Bandwidth
	5 MHz 

	Channel Model
	6-ray TU, Velocity=30kmh

	Data Channel Turbo Coding
	Rate ½

	Data Modulation
	QPSK

	Number of Sub-Carriers
	288 for LB,144 for SB

	Data Channel
	Localized FDMA (RPF=1)

	Pilot Channel
	RPF=1,2,4,6,8

	Antenna 
	1 Tx, 2 Rx

	Channel Estimation
	Time Interpolation
	Linear Average

	
	Frequency Interpolation
	FFT

	Pilot to Data Channel Power Ratio
	0dB(time domain)
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Figure 1 BLER performance of QPSK
The results show that the scheme of 1/2+1/2 pilots utilize less pilot sub-carriers but offer better BLER performance than the scheme of 1 pilot and 1+1/N (N>=4) pilots. In case of 1+1/N pilots, although there exits a full-density pilot, the frequency domain interpolation adopted in the second pilot deteriorates the overall accuracy of channel estimation, and the loss increases with the value of N. Here, the value of N should not be larger than 6 for coherent detection.

Therefore we prefer the scheme of 1/2+1/2 pilots. We should note that for the scheme of 1/2+1/2 pilots the performance can be further improved by staggered pilots.
3 Pilot Density Impact on CQ Estimation
To support channel-dependent scheduling, the pilot for channel-quality measurement is necessary.  We utilize one distributed FDMed pilot to offer a broadband channel-quality measurement in either SB. At the receiver, Node B should calculate the value of uplink CQ for each RB (Resource Block) after the channel estimation and interpolation. Here we also use FFT interpolation.
We assume perfect channel measurement on pilot sub-carriers with the known noise variance. Channel responses on other sub-carriers are interpolated by the pilot sub-carriers. The value of CQ is calculated by the average SNR of all sub-carriers per RB. The RB size is 375KHz.Under these assumptions, the errors are mainly introduced by noise and frequency interpolation of channel estimation. Here the error is referred to the difference between the CQ obtained after frequency interpolation and the CQ obtained from the ideal channel frequency response.
From the following Figures 2a, 2b, we can see that different pilot density results in different error mean/variance. The denser the used pilot sub-carriers are, the lower the error mean and variance are.
It is certain that if real channel estimation on pilot sub-carriers is adopted, we will get larger error than that in case of perfect channel estimation on pilot sub-carriers. 
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Figure2a CQ estimation error mean
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Figure2b CQ estimation error variance

This estimation error will affect the decision of MCS selection. Here we give a simple illustration to show the impact on throughput due to different CQ estimation errors. This result is obtained by link level simulation, and it is just for illustrating the impact on MCS selection. In fact, system throughput depends on many other factors, e.g., multi-user scheduling, HARQ, etc.
We compare the throughput of one UE using only one RB without HARQ. The CQ error is modeled with Gaussian distribution, whose mean and standard deviation are obtained through Figure2a and 2b.The final result shows the throughput has little degradation when pilot density changed from 1 to 1/8, therefore we can use less sub-carriers in the pilot for CQ measurement than the one for coherent detection. Figure3 gives the comparison with different pilot density settings. And the MCS table is also list below.
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Figure3 Throughput comparison for one user within 375 kHz
Table 2 MCS assumptions for one RB (375 KHz)
	index
	Modulation
	Coding rate
	Information bits/frame

	1
	BPSK
	1/3
	50

	2
	BPSK
	1/2
	75

	3
	QPSK
	1/5
	60

	4
	8PSK
	1/3
	150

	5
	8PSK
	1/2
	225

	6
	16QAM
	1/2
	300

	7
	16QAM
	3/4
	450

	8
	16QAM
	5/6
	500


If taking multi-user scheduling and HARQ into account, system throughput is likely to be more robust to CQ error. The throughput degradation caused by sparser CQ reference signal can be smaller than that shown in the above figure.
4 Conclusion

We discuss the impacts of different pilot density settings on the BLER performance and CQ estimation error. According the results we recommend the scheme of 1/2+1/2 pilots which can offer much better BLER performance than the scheme 1+1/N pilots with less pilot sub-carriers consumption. In addition, the density of pilot has some impacts on CQ estimation, and this effect MCS selection, but the system throughput is not sensitive to the CQ estimation error. So we can use less sub-carriers for CQ pilot than for coherent detection pilot.
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