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1   Introduction
In the RAN4 meeting #78, the way forward on UE performance enhancement under SFN channel was agreed [1]. And in [2] we provide the detailed analysis on the performance of advanced receivers. In this paper we would like to further discuss the method for evaluation.
2   Previous agreement
The agreements related to UE performance enhancement under the SFN scenario is provided below:
· SFN scenarios

· Candidate scenarios
· Bidirectional SFN scenarios 

· up to 350km/h 

· Analysis  and evaluation are need, at least for
· In which scenarios the UE performance requirements are needed 
· Reference receivers

· Companies are encouraged to provide analysis on the proposed reference receiver, at least for

· Performance

· Robustness

· Feasibility 

· Test purposes (for information)
· Candidate test purposes

· Verifying frequency shift estimation 

· Verifying channel estimation performance.
· Robustness test
· Others are not precluded
· Analysis and evaluation are needed, at least for

· which test purposes should be verified in test requirements

· How to verify the proposed test purpose in test requirements 

The performance under SFN scenario should be further evaluated.
3   Proposed simulation assumptions
In [2] we provide the initial simulation evaluation. But unfortunately there was no simulation assumption agreed in the last meeting. In this meeting we suggest to agree on the simulation assumptions for WI phase to facilitate the further evaluation.
For the simulation assumptions we prefer to reuse the agreed simulation assumptions in TR36.878 with some modifications.
Table 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
PUCCH 1-0 periodic CQI feedback mode

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel model:

•
Channel model for SFN Scenario1, which is specified in 6.2.3.1 of TR36.878;
•
Channel model for SFN Scenario 2d
Parameters:
•
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

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	•
Option 1: HeUE defined in 6.4.3.1 of TR36.878;
•
Option 2: UE assuming extended U-shape Doppler spectrum and always 
covering the high power paths in Doppler spectrum

•
Other options is not precluded: companies need to describe their receiver 
when presenting the simulation results.

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 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 model:
•
Channel model for SFN Scenario1, which is specified in 6.2.3.1 of TR36.878;
•
Channel model for SFN Scenario 2d
Parameters:
•
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 

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	•
Option 1: HeUE defined in 6.4.3.1 of TR36.878;
•
Option 2: UE assuming extended U-shape Doppler spectrum and always 
covering the high power paths in Doppler spectrum

•
Other options is not precluded: companies need to describe their receiver 
when presenting the simulation results.

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Companies are encouraged to provide the throughput vs SNR curve and frequency tracking curve vs location of UEs.
4   Initial simulation results
The following simulation results are pre-submitted results in [2]. In the following Figure 1(a) which Y-axis represents frequency shift (Hz) and X-axis represents TTI (ms), we give real the frequency shift estimation result with related normalized demodulation performance comparison in Figure 1(b), when UE is at near mid-point of two adjacent RRHs. Here the frequency shift estimation performance is based on CRS of 0&4 with 7&11.
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(a) Frequency estimation                                             (b) Throughput curve

Figure 1: Performance of frequency tracking and performance of throughput when UE is located in-between two RRH

In this section, we will give the simulation results of four kinds of receivers which are described in Table 3.The simulation assumptions for fixed MCS provided in Table 2. 

Simulation results of different receivers are provided in Figure 2.  From the evaluation results, we can observe that if the shifted U-shaped spectrum caused by frequency shift compensation is ignored at the near middle of two RRHs, the legacy UE’s performance is degraded. And extending U-shaped Doppler spectrum to cover the entire spectrum element is helpful for performance enhancement. The receiver based on extended shifted U-shaped Doppler spectrum has a certain performance gap to the receiver based on ideal symmetrical U-shape. The receiver based on ideal symmetrical U-shape at the near middle of two RRHs has big performance gap to Non-LS receive or ideal channel estimation.
Table 3: Reference receivers for fixed MCS simulation

	Simulation case
	Reference receiver

	Case 1:

Non-LS receiver
	Frequency tracking: UE capable tracking the multiple (two) Doppler shifts

Channel estimation: Wiener filter assuming two path channel with different Doppler shifts, PDP estimation

	Case 2 
	ideal channel estimation

	Case 3:

 ideal symmetrical U-shape
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger 5 dB than the other and ideal U-shape Doppler spectrum while the difference between two tap’s powers is lower 5 dB.

	 Case  4:

 Extenden shifted U-shape 
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger 5 dB than the other and extending spectrum range of shifted U-shape Doppler spectrum while the difference between two tap’s powers is lower  5 dB.

	 Case 5: 

shifted asymmetric U-shape 
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger 5 dB than the other and shifted U-shape Doppler spectrum while the difference between two tap’s powers is lower 3 dB.
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Figure 2: Performance of different receivers
5   Conclusion 
In this paper, we provide the simulation assumptions for further evaluation in WI phase based on the agreed ones in SI phase with some modification including the channel model. The purpose is to further evaluate the performance and robustness of enhanced UE performance under SFN scenario. The proposed simulation assumptions are given in Table 1 and Table 2. Companies are encouraged to provide the throughput vs SNR curve and frequency tracking curve vs location of UEs.
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