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1 Introduction
This contribution will discuss the performance enhancement for CQI under the SFN scenario. 
2 Simulation assumptions
The simulation assumptions are provided in [1]. There are two sets of simulations: link adaptation and fixed MCS. The simulation assumptions for link adaptation are as follows. According to the email discussion, we use the normalized the channel model.

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
PUCCH 1-0 periodic CQI mode

	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


3 Simulation results and discussion
In Figure 1 we provide the link adaptation simulation results. In Table 1, we provide the detailed descriptions on the reference receivers used for each curve. Here we use the PUCCH1-0 periodic CQI feedback mode, which would be more widely used in high speed scenario due to less overhead comparing to aperiodic CQI feedback and considering that the open-loop MIMO could be viewed as the robust transmission mode. 
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). The differences between the HeUE and the legacy UE are

· 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 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. 
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Figure 1: Link adaptation performance

Table 1: Reference receivers for link adaptation 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 legacy UE
	Frequency tracking: UE capable tracking the single Doppler shift

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


In Figure 2, we compare the CQI distributions for each case. Each curve corresponds to a certain SNR. As we can see, the CQI distribution of the legacy UE under 350km/h SFN scenario for a given SNR is widely spread such that it would be difficult for BS to adjust CQI according to the reports. But for HeUE, the CQI will be still within a certain range, although the channel frequency selectivity will change with the UE locations. Therefore, we propose to consider the wideband periodic CQI test under the high speed scenario, especially for SFN scenario.
· Proposal: Consider to define the wideband periodic CQI reporting requirement for the high speed scenario, especially for SFN scenario.

One candidate test in our mind is the CQI definition test under the high speed scenario.
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(a) CQI distribution of HeUE under SFN scenaio with 350km/h
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(b) CQI distribution of the legacy UE under SFN scenario with 350km/h
Figure 2: CQI distribution for different evaluation cases

4 Conclusions

In this contribution, we evaluate the CQI reporting performance for SFN scenario. Based on the evaluation, we propose that

· Proposal: Consider to define the wideband periodic CQI reporting requirement for the high speed scenario, especially for SFN scenario.
5 Reference
[1] Huawei, HiSilicon, Qualcomm, R4-153826, “TP: Simulation assumptions for UE demodulation performance evaluation”, 3GPP TSG-RAN WG4 Meeting #75, Fukuoka, Japan, 25 – 29 May, 2015.






