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Discussion
1 Introduction
The two main issues listed in the WF [1] in previous meeting are the SNR definition and the selection of the reference receiver. The focus of this paper is on the reference receiver selection.
There are three candidates for the reference receiver. They are,

· Option 1: UE assuming extended U-shape Doppler spectrum and always covering the high power paths in Doppler spectrum; Analyze the impact of AFC being ON or OFF
· Option 2: Consider the assistance signaling and use the optimized receiver like HeUE defined in 6.4.3.1 of TR36.878
· Option 3: Receiver capable of performing channel estimation assuming asymmetric U-shaped spectrum
We provide the analysis and the results in the following.
2 Reference receiver analysis
The basic idea of performing channel estimation is through the interpolation. The interpolation can be treated as a (low-pass FIR) filter design problem. The OFDM symbol time period with CP is 71.35us ( 66.67*(1+ 144/2048) ). By considering the CRS spacing of 4 OFDM symbols at same frequency after the virtual reference signals are inserted, the range of observable Doppler spectrum is around +-1.75KHz (sampling rate 3.5KHz). The symmetric Doppler spectrum is usually assumed in the design of the interpolation filter.
As we know in Option 1, the intention of assuming the extended U-shape Doppler spectrum is to cover the shift of the Doppler spectrum due to the AFC when turning on, which means the range of +-1.75KHz, instead of +- 875Hz should be considered in the interpolation filter design. However, it is not possible to design a low-pass filter with the pass-band equal to the observable range.
One possibility to allow the extended U-shape Doppler spectrum in channel estimation design is the system with wider subcarrier spacing, in which the OFDM symbol is much shorter to allow covering wider range of Doppler. We conduct the evaluation with the results as shown below. It is based on the subcarrier spacing equal to 60KHz, which is the possible candidate in 5G NR study item in RAN1. The symbol number in the subframe is kept the same as that in LTE, and the TTI is shortened to become 0.25ms. Accordingly the CP is around 1.3us.  
The observable range of the Doppler spectrum is now extended to +-7KHz. It is easy to design the interpolation filter with pass-band of covering +-1.75KHz. Fig. 1 shows the results with the 15KHz and 60KHz spacing by using 2-path channel in SI. It is seen that, the performance by the legacy receiver under the 60KHz spacing is quite close to that by the advanced receiver under 15KHz spacing. Note that the throughput unit is Mb per quarter second when using the 60KHz spacing for comparison purpose.
Fig. 2 shows the results by using the 4-path channel agreed in WI. The performance under the 60KHz spacing is degraded due to the signal path from the far RRH which is outside the CP.
If the AFC is off, the Doppler spectrum can be kept as symmetric in +-875Hz. Then the legacy channel estimation can be re-used. The decision and the moment of turning on and turning off the AFC is the UE implementation issue. It is also one of the realization of the advanced receiver.   
One main reason to consider using U-shape Doppler spectrum assumption in the channel estimation design is for robustness. The Option 2 can be treated as the optimized solution. However, it also assumes two visible paths, which may limit the applicable scenario. Fig. 3 and 4 show the case of 4 visible paths in the deployment of Ds=1000m and Dmin=300m according to the 4-path model. Then it is questionable on the performance when Option 2 is applied.

We treat Option 3 as the realization of the advanced receiver for improving the performance in high speed scenario, and the robustness is also guaranteed. So Option 3 in our point of view, is suitable as the reference receiver.
The reference receiver serves the purpose of defining the performance requirement. It is not directly related to the practical algorithm implementation in the chipset. So we also propose to modify Option1, which could be easier for some companies in simulation. It is that, turn off the AFC, and apply the legacy (not extended U-shape) channel estimation.
Based on the above, we have, 
Observation 1, By considering the CRS spacing of 4 OFDM symbols in time direction after creating the virtual reference signal, the range of observable Doppler spectrum is around +-1.75KHz

Observation 2, The use the extended U-shape Doppler spectrum to design the interpolation filter is to cover the range of +-1.75KHz. However, it is not possible to design a low-pass filter with the pass-band equal to the observable range. So this approach is not feasible
Observation 3, The use the extended U-shape Doppler spectrum for the channel estimation design can be considered in the new system with wider subcarrier spacing. For example 5G NR
Observation 4, In Option 1 of the reference receiver, if the AFC is off, the Doppler spectrum can be kept as symmetric in the range of +-875Hz. Then the legacy channel estimation can be re-used. The decision and the moment of turning on or turning off the AFC is the UE implementation issue. It is also one of the realization of the advanced receiver  

Observation 5, The Option 2 is to optimize one particular scenario. It will be risky when the visible path number is more than two
Proposal 1, Take Option 3 as the reference receiver for Rel-14 HST enhancement WI  

Proposal 2, Also we can consider the modified Option1 as the reference receiver. Turn off the AFC, and apply the legacy (not extended U-shape) channel estimation
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Fig. 1, performance comparison with different subcarrier spacing in 2-path channel
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Fig. 2, performance comparison with different subcarrier spacing in 4-path channel
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Fig. 3, distance of UE to all same-cell-ID RRHs, for checking visible paths
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Fig. 4, the estimated channel profile in time domain at the location shown in Fig. 3. Dumped from the link level simulator
3 Conclusion

Observation 1, By considering the CRS spacing of 4 OFDM symbols in time direction after creating the virtual reference signal, the range of observable Doppler spectrum is around +-1.75KHz

Observation 2, The use the extended U-shape Doppler spectrum to design the interpolation filter is to cover the range of +-1.75KHz. However, it is not possible to design a low-pass filter with the pass-band equal to the observable range. So this approach is not feasible

Observation 3, The use the extended U-shape Doppler spectrum for the channel estimation design can be considered in the new system with wider subcarrier spacing. For example 5G NR

Observation 4, In Option 1 of the reference receiver, if the AFC is off, the Doppler spectrum can be kept as symmetric in the range of +-875Hz. Then the legacy channel estimation can be re-used. The decision and the moment of turning on or turning off the AFC is the UE implementation issue. It is also one of the realization of the advanced receiver  

Observation 5, The Option 2 is to optimize one particular scenario. It will be risky when the visible path number is more than two

Proposal 1, Take Option 3 as the reference receiver for Rel-14 HST enhancement WI  

Proposal 2, Also we can consider the modified Option1 as the reference receiver. Turn off the AFC, and apply the legacy (not extended U-shape) channel estimation
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