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1 Introduction
In RAN4 meeting #76bis, the advanced receiver for performance enhancement under the SFN scenario was proposed and the corresponding simulation results were provided in [1]. In order to speed up the work, this contribution will provide more detailed description as the guidance on the potential algorithms for the multiple frequency estimation and channel estimation. And according to the discussion in the last meeting, this contribution will also analyze the robustness of algorithm.
2 Multi-frequency tracking and channel estimation
In this section, we would like to share two kinds of algorithm: one is based on time domain and the other one is based on frequency domain and spectrum estimation algorithm.
2.1 Signal model
The signal received at one receiver antenna port can be denoted by
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Where the
[image: image2.wmf]p

s

~

is modeled as a complex random variable with uniformly distributed phase, and the Fourier transformation of the signal part of s(t) can be denoted as
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Where Fd,p = fd,p/Δf and the function G( ) is the FFT of rectangular function
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The signal on the k-th sub-carrier is denoted by
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And the LS channel estimation of k-th RE in the l-th OFDM symbol is
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If we viewed the second item (corresponding to ICI) in the above equation as the noise due to the character of xi/xk, then we can simplify the above equation by
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where
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.
2.2 Multiple Doppler frequency estimation
2.2.1 Estimate multiple Doppler frequencies via time delay profile

Assume that the transmitting phase for each Tx is fixed during one subframe. We can use IFFT method to calculate the Doppler shift. Neglecting the ICI and noise, the channel estimation after the Wiener filter can be denoted by
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Conducting the IFFT of the above signal, we can observe that there will be two peaks for the profile. 
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Assume that the Doppler shift in the same subframe keeps unchanged. Then we can compare the phase change between OFDM symbol #0 and #4, and between OFDM symbol #7 and #11, and calculate the phase difference and thus the Doppler frequencies for each path.
One drawback of this algorithm is that when the delays of two paths are within the distance of one sample window two peaks are not distinguishable. One simple solution would be to assume that there are two paths within one dominant tap based on the history information, say, if before the current point UE has observed two relative strong taps with the opposite Doppler frequencies, UE can assume two taps with the equal power level, the same time delay and the opposite Doppler frequencies. The power level and time delay can be estimated based on the received signal. The Doppler frequency values could be based on the hypothesis detection and history information.
2.2.2 Non-linear least square algorithm
The kind of solution is based on the spectrum estimation. There are a lot of spectrum estimation algorithms with high resolution including non-linear least square, High order Yule-Walker, MUSIC, ESPRIT and etc. The complexities for them are quite similar. Here we use non-linear least square algorithm, which would better match the structure of LTE physical layer design. 

If we take the OFDM symbol #0, #4, #7 and #11 to form a vector, then we can denote
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where l0 is the start point of the 0-th OFDM symbol. The target cost function for maximization to determine the frequency is


[image: image13.wmf](

)

(

)

ú

û

ù

ê

ë

é

=

Þ

-

=

-

=

å

y

B

B

B

B

y

BA

y

H

H

H

d

d

M

m

k

f

f

F

1

1

,

0

,

1

2

max

arg


For each subcarrier-k, we can calculate Fk. For each given set of fd,0 and fd,1, we can calculate a set of Fk, where k=0, …K-1 and K is the number of subcarrier with CRS. The estimated Doppler shifts of fd,0 and fd,1 are the parameter which maximize the sum of Fk. After estimating the frequency, the magnitude of each path can be derived. The history knowledge can be used to reduce the searching time of the algorithm.
2.3 Wiener filter for channel estimation
Frequency Linear MMSE filter can be denoted as
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(2)
Where the correlation matrix can be denoted as the following form, which is the M×N matrix.s
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We apply two one-dimensional Linear MMSE filters, i.e., a frequency domain filter followed by a time domain filter, in sequence. Accordingly we can calculate the correlation between two sub-carriers assuming that they are in the same OFDM symbol. Then the frequency domain auto-correlation function is given as
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The equation above is almost the same as the Wiener filter in the frequency domain.

For a given sub-carrier, the time domain correlation function is denoted by
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(3)
Go back to equation (2), we can derive the channel filter coefficients.
3 Discussion on the robustness
In the last meeting there are questions on the robustness of the algorithm, including whether the estimator is able to distinguish ETU600 and two path channel with +/-600Hz, and how UE-s with the same implementation can performance the proper demodulation under the platform (low mobility scenario) and on aboard of the high speed train.
Firstly, UE may be able to blind detect the Doppler spectrum. Like what UE does PDP (power delay profile) estimation, UE can travel from the low delay spread scenario to the high delay spread scenario without the significant performance loss, because UE can estimate the PDP. And as derived in the equation (3), the time domain correlation function for two path channel model could be distinguishable from the U-shape spectrum whose time domain correlation function is the first class Bessel function and other spectrum. Secondly, to support both low mobility scenario and high mobility scenario, UE could always fall back to U-shape spectrum assumptions, when small Doppler spread or small Doppler shift was detected, and the performance would not be degraded too much. Thirdly, although the channel of high speed train scenario is timing-variant channel, there would be a certain pattern of Doppler frequency change. It is feasible for UE to use them to detect the scenario.
The algorithm discussed in this contribution is based on the assumption that the two path channel model is the typical scenario. In practice, the train usually moves at 350km/h or above on viaducts or in the open space, where the LOS channel model with two taps and the opposite Doppler frequencies for each tap would match the practical scenario in most time. In that way we can simplify the algorithm to some extent. In general, we can design some Doppler spectrum estimation algorithm to timely estimate the changed Doppler spectrum like what UE does for PDP, but the complexity would be increased.
The other alternative way to simplify the algorithm is to consider the assistant signalling as specified in 36.213 for the high speed flag to indicate that the current scenario is the high speed scenario.
4 Simulation results
The simulation assumptions are provided in [2]. There are two sets of simulations: link adaptation and fixed MCS. The simulation assumptions are as follows. 
Table 6.4.1-1: Simulation assumptions for UE demodulation performance evaluation under the new high speed train scenario (Link adaptation)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	Link adaptation with OLLA

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel as specified in 6.3.1: 

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison 

	
	Leaky cable
	
	Channel for leaky cable to repeater in Tunnel: FFS

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 6.4.1-2: Simulation assumptions for UE demodulation performance evaluation under the new high speed train scenario (fixed MCS)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	MCS#19 (R.35-4 FDD)

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel: 

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison 

	
	Leaky cable
	
	Channel for leaky cable to repeater in Tunnel: FFS

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


In Figure 1 and Figure 2, we provide the link adaptation simulation results and fixed MCS results with the different UE receivers. The detailed information is provided in [2].
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Figure 1: Link adaptation performance
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Figure 2: Fixed MCS performance
5 Conclusions and proposals
In this contribution, we provide the descriptions on the details of algorithm for the advanced receiver under the SFN scenario. The purpose is to provide the guidance and try to justify the feasibility for UE enhancement. Given the SFN with bidirectional RRH scenarios has been widely used, it would be beneficial to enhance the UE performance under such scenario. So we propose to add the advanced receiver as the candidate solution in the TR.
· Proposal: Add the advanced receiver as a candidate solution into TR.
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