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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 advertise the need of the UE receiver performance enhancement.
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. Before the evaluation, we would like to further discuss the advanced receivers.
3   Discussion on the advanced receiver
3.1   Need to enhance UE under SFN scenario
With the development of receiver, more and more advanced receivers are introduced in 3GPP, including CRS-IC capable receiver, Type-A (MMSE-IRC) receiver, Type-B (NAICS for PDSCH-IC) receiver, Type-C (SU-MIMO ML-like) receiver. Those receivers provide the interference cancellation or mitigation.
On the other hand, UE can work well under different propagation conditions including EPA, EVA, ETU, two path channel or AWGN. UE can adaptively adjust the channel estimation filter used for frequency domain interpolation by estimating the power delay profile in real time or by other operations.
But for Doppler shift and Doppler spread, typically UE assume U-shape Doppler spectrum and one Doppler shift, and conduct the corresponding time domain interpolation for channel estimation. Under such assumption, only maximum Doppler spread will be estimated.
For the SFN scenario, UE may observe more than two or three paths in time domain for multi-path channel, but may most likely only observe two or at most three peaks in Doppler frequency domain, as shown in Figure 1 and Figure 2. For example, the signals from tap1 and tap2 may have almost the same Doppler shift.
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Figure 1: SFN scenario
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Figure 2: Doppler frequency spectrum with two paths
In Figure 3, we show the Doppler shifts for the SFN scenario in Figure 1. At a certain location, two or three Doppler shifts can be observed.
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Figure 3: Doppler shift for SFN scenario.

So after introduction of SFN scenario, UE need to cope with two or three types of scenarios with different Doppler frequency spectrum shapes, taking into account the U-shape spectrum. Our key idea is to develop the advanced UE can adaptively choose the proper channel estimation filter for time domain interpolation to guarantee the better performance under those scenarios.
3.2   Candidate receivers
One candidate receiver is the receiver called HeUE which assumes the existence of multiple Doppler shifts and is able to estimate them by utilizing the enhanced estimation algorithms, e.g., non-linear LS, MUSIC and etc to estimate the Doppler spectrum in real time and conduct the more accurate channel estimation.
The other candidate receiver is the receiver who can use the extended and shifted U-shape Doppler spectrum for channel estimation. The key point would be to always guarantee that the high power peaks in the Doppler spectrum can be covered by the assumed U-shape spectrum window.
· Proposal: we propose two types of advanced receiver for further evaluation to decide the reference receiver for SFN scenario performance enhancement.
· Option 1: HeUE captured in 6.4.3.1 of TR36.878

· Option 2: UE with extended U-shape spectrum assumption and who can always cover the high power peaks in Doppler spectrum.
4   Conclusion 
In this paper, we clarify the meaning of multi-path channel. According to our understanding, the “multi” paths in Doppler spectrum are more relevant to the receiver enhancement discussed in this WID. And we share our view on the meaning to enhance the receiver for SFN scenario.
According to our previous work and offline discussion, we provide two candidate receivers for further evaluation:
· Proposal: we propose two types of advanced receiver for further evaluation to decide the reference receiver for SFN scenario performance enhancement.
· Option 1: HeUE captured in 6.4.3.1 of TR36.878

· Option 2: UE with extended U-shape spectrum assumption and who can always cover the high power peaks in Doppler spectrum.
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