3GPP TSG-RAN WG4 Meeting #76bis
R4-155657
Sophia-Antipolis, France, 12 – 16 Oct, 2015
Source: 
Huawei, HiSilicon
Title: 
Evaluation of UE demodulation performance under the identified SFN scenario
Agenda Item:
9.5.3
Document for:
Discussion
1 Introduction
In RAN4 meeting #76, the issue about potential solutions to improve UE demodulation performance under the new identified scenarios was extensively discussed. However, there is no agreement reached about it. In this contribution, we further evaluate the UE demodulation performance with every potential solution at UE side.
2 Simulation assumptions

The simulation assumptions are provided in [1]. 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


3 Simulation results
3.1 Link adaptation with OLLA
In Figure 1 we provide the link adaptation simulation results for different UE receiver. In Table 1, we provide the detailed descriptions on the reference receivers used for each curve. In order to cope with the SFN scenario with multiple Doppler shifts (mainly two Doppler shifts from the adjacent two RRHs serving the UE), we develop one kind of enhanced receiver, which we name as High Speed Scenario enhanced UE (HeUE for short) in 76 meeting in [2]. The features of HeUE is copied in as following,
· HeUE is able to estimate the multiple Doppler shifts;
· HeUE is able to properly track the frequency assuming the existence of multiple Doppler shifts, e.g., using the strategy where UE tracks the stronger tap when the power of one tap is much stronger than the other and tracks the centre between two Doppler shifts when two taps are almost with the equal power;
· HeUE can conduct the proper interpolation for the channel estimation especially in time domain, e.g., conducting time-domain interpolation by using the Wiener filter assuming two Doppler shifts instead of U-shape Doppler spectrum and zero Doppler shift.
For the legacy UE, we assume that UE can only estimate/track the single Doppler shift and conduct the channel estimation assuming the single tap while one tap power is higher xxdB(xx is the determine threshold). And in the middle of two RRHs where the difference between two tap’s powers is lower than xxdB, the receiver conducts channel estimation assuming U-shape Doppler spectrum. One example UE implementation for frequency estimation is that UE first calculates the cross-correlation between the CRS REs on the subframe #0 and #4 and between subframe #7 and #11 to calculate the phase shifts along the same sub-carriers, then averages the phase shift across the frequency domain, and then divide the averaged phase shift by the time interval in-between to estimate the frequency shift. 
In Figure 1 it is observed that without enhanced Doppler frequency tracking algorithm the legacy UE performance significantly degrades, and could not support the higher averaged throughput when the train moves from one RRH to the other. But the HeUE can improve the downlink demodulation performance under the SFN scenario, and its performance is even better than the legacy UE performance under 30km/h scenario thanks to the channel estimation performance which matches the channel better.
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Figure 1: Link adaptation performance

Table 1: Reference receivers for link adaptation simulation
	Simulation case
	Reference receiver

	350km/h modified legacy UE
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger xxdB than the other and U-shape Doppler spectrum while the difference between two tap’s powers is lower xxdB.

	350km/h HeUE
	Frequency tracking: UE capable tracking the multiple (two) Doppler shifts
Channel estimation: Wiener filter assuming two path channel with different Doppler shifts, PDP estimation

	30km/h legacy UE
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming U-shape Doppler spectrum, PDP estimation


In [1], we give the detailed analysis for the reason why the legacy UE demodulation performance degrades badly. We summarize in the following:

· poor frequency tracking
· Improper channel estimation filter coefficients, especially time-domain interpolation coefficient.
3.2 Fixed MCS
In Figure 2 we provide the fixed MCS simulation results. Here we use MCS#19, which corresponds to R.35-4 FDD in TS36.101, i.e., 64QAM 0.47. In Table 2 we provide the descriptions on the reference receiver for each curve.
Table 2: Reference receivers for fixed MCS simulation

	Simulation case
	Reference receiver

	30km/h legacy UE
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming U-shape Doppler spectrum, PDP estimation 

	350km/h HeUE
	Frequency tracking: UE capable tracking the multiple (two) Doppler shifts
Channel estimation: Wiener filter assuming two path channel with different Doppler shifts, PDP estimation

	350km/h modified legacy UE
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger xxdB than the other and U-shape Doppler spectrum while the difference between two tap’s powers is lower xxdB.

	350km/h ideal CH est
	Frequency tracking: Assuming that two Doppler shifts can be ideally estimated;

Channel estimation: Ideal channel estimation


The performance of legacy UE degrades significantly at 350km/h than at 30km/h and the supported averaged data rate drops. But with the HeUE the performance can be greatly improved and becomes even better than the legacy UE performance at 30km/h due to the better matched channel estimation filter. In the figure, we also compare the performance of HeUE to the receiver with the ideal channel estimation and full knowledge of Doppler shifts. The HeUE performance is very close to the ideal receiver performance under the SFN scenario.
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Figure 2: Fixed MCS performance

In Figure 3, we give the simulating results of UE distributing middle 170 meters (during this range, the difference between two tap’s power is lower than our determine threshold. UE estimates channel based on U-shape Doppler spectrum). From the evaluating results, we can conclude that the UE demodulation performance is very poor during middle 170 meters.
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Figure 3: Fixed MCS performance during middle 170 meters of two RRHs
Based on the above simulation results for SFN, we can observe that
· Observation 1: Under the SFN scenario, the modified legacy UE with wiener filter assuming single Tap while one tap power is stronger xxdB than the other and U-shape Doppler spectrum while the difference between two tap’s power is lower xxdB would suffer from the significant downlink performance loss, especially in the middle the two RRHs.

· Observation 2: The performance loss would be mainly due to the incorrect frequency tracking and the channel estimation (time-domain interpolation). 
· Observation 3: The performance can be improved by HeUE, which is capable of tracking the multiple Doppler shifts and conducting the time-domain interpolation for the channel estimation according to the Doppler spectrum matching the SFN scenario. 
Based on the observation, we proposed that:
· Proposal 1: UE demodulation performance should be enhanced,

· The enhanced UE (HeUE) is characterized by

· HeUE assumes the existence of multiple Doppler shifts and is able to accurately estimate them by utilizing the enhanced estimation algorithms;

· HeUE is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain.

4 Conclusions and proposals
In this contribution, we evaluate the downlink performance for SFN scenario. For the SFN scenario, we have the following observations:
· Observation 1: Under the SFN scenario, the modified legacy UE with wiener filter assuming single Tap while one tap power is stronger xxdB(xx is the determine threshold) than the other and U-shape Doppler spectrum while two tap have comparative power would suffer from the significant downlink performance loss, especially in the middle the two RRHs.

· Observation 2: The performance loss would be mainly due to the incorrect frequency tracking and the channel estimation (time-domain interpolation). 

· Observation 3: The performance can be improved by HeUE, which is capable of tracking the multiple Doppler shifts and conducting the time-domain interpolation for the channel estimation according to the Doppler spectrum matching the SFN scenario. 

Based on the observations, we propose that 
· Proposal 1: UE demodulation performance should be enhanced,

· The enhanced UE (HeUE) is characterized by

· HeUE assumes the existence of multiple Doppler shifts and is able to accurately estimate them by utilizing the enhanced estimation algorithms;

· HeUE is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain.
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