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1 Introduction
In RAN4 #76 meeting, the channel model of SFN scenarios had been updated with normalized power model [1][2], the simulation assumptions for UE demodulation performance evaluation under the identified high speed scenario is agreed [3]. In this contribution, we provide our simulation results for UE demodulation performance under SFN channel model with the latest simulation assumptions that agreed, and share our views on the issues.
2 Simulation assumptions
The simulation parameters for UE demodulation performance under the SFN channel model are shown in Table 1 and Table 2, which are corresponding to Table 6.4.1-1 and Table 6.4.1-2 in [3], respectively. Table 1 is the simulation assumptions for the link adaptation evaluation. Table 2 is the simulation assumptions for fixed MCS evaluation. Table 3 shows the simulation parameters for the SFN channel model used in this document.
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 as specified in 6.2.3.1: 

· 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 as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	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 as specified in 6.2.3.1: 
· 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 as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 3 Parameters for SFN scenarios

	 Parameter
	Value
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	350/30 km/h
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	875/75 Hz


3 Simulation results and discussion
It is known that the performance of legacy UE under the agreed SFN channel model degrades compared to the Rel-12 demodulation performance requirements. One reason is that for the identified SFN scenario, the maximum Doppler shifts is up to 875Hz, for such a high Doppler shift, the performance of legacy frequency estimation algorithm may degrades. The other reason is that the two taps that with varying relative power, Doppler shifts and time delay is more challenge for UE to do frequency tracking and channel estimation. Therefore, the downlink performance for the SFN scenarios can be enhanced by improve UE’s capability of frequency tracking and channel estimation, especially for the period that the two taps with comparable relative power.

In this section, the throughput performance of UE is depicted under the SFN channel model. We also present the evaluation for EVA75 propagation conditions for performance comparison. Note that in each picture, the blue line represents the performance under the SFN75 propagation condition (SFN channel model with high Doppler shift of 75Hz), the red line represents the performance under EVA75 propagation condition, and the green line represents the performance under the SFN875 propagation conditions (SFN channel model with high Doppler shift of 875Hz) for the UE with enhance channel estimation and frequency tracking algorithm. 
· Fig. 1 depict UE throughput with link adaption and OLLA . It can be seen that
· UE performs better under SFN 75 than under EVA75 propagation conditions. 
· UE performs better under SFN875 propagation condition than under EVA75 propagation condition in the range that SNR <18dB. In the range that SNR >18dB, performance loss can be observed under the defined 875Hz SFN propagation condition compared to under EVA75 propagation condition.
· There is significant performance loss for UE under SFN875 propagation condition compared to that under SFN75 propagation condition. 
· Fig. 2 depict UE throughput with fixed MCS level. It can be seen from the results that
· There is significant performance loss for UE under SFN875 conditions compared to under SFN75 conditions.
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Figure 1 UE demodulation performance under SFN scenarios with link adaption and OLLA
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Figure 2 UE demodulation performance under SFN scenarios, R.35-4 FDD
With the simulation results, it can be seen that significant performance difference can be observed for UE under the maximum Doppler shift of 875Hz compared to under the maximum Doppler shift of 75Hz. It is hard for UE to have similar performance under such a high Doppler shifts as that under the low Doppler shifts SFN scenarios. In order to have similar performance in the identified SFN scenarios as that in the low Doppler shifts conditions, BS based solution is suggested to be considered. For example, BS can estimate the downlink frequency by using the uplink signal, and downlink frequency can be compensated per RRH before transmitting. Then the Doppler shift for each tap seen by UE will be reduced.
Observation 1: It is hard for UE to have similar performance under SFN875 propagation conditions as that under the SFN75 propagation conditions. In order to have similar performance, the BS based solution that BS estimates the downlink frequency by using the uplink signal, and compensates the downlink frequency per RRH before transmitting can be considered.
Observation 2: UE performs better under SFN75 propagation condition than under EVA75 propagation condition. It is not necessary to require UE under the SFN 875 propagation conditions to have similar performance as that under SFN75 propagation condition, comparable performance as the legacy propagation conditions with low Doppler shifts (e.g. EVA75, ETU75) maybe more reasonable.
4 Conclusions
In this contribution we provide our simulation results for the SFN propagation condition. Based on the simulation results, it can be seen that
Observation 1: It is hard for UE to have similar performance under SFN875 propagation conditions as that under the SFN75 propagation conditions. In order to have similar performance, the BS based solution that BS estimates the downlink frequency by using the uplink signal, and compensates the downlink frequency per RRH before transmitting can be considered.

Observation 2: UE performs better under SFN75 propagation condition than under EVA75 propagation condition. It is not necessary to require UE under the SFN 875 propagation conditions to have similar performance as that under SFN75 propagation condition, comparable performance as the legacy propagation conditions with low Doppler shifts (e.g. EVA75, ETU75) maybe more reasonable.
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