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Discussion
1 Introduction
A Way forward in last meeting has been proposed to capture high speed train scenarios provided by interested operators [1]. The channel measurement data in the field is further provided in this meeting [2]. In that it shows the signals from several surrounding RRHs are received by the UE (or the receiver in the train). Then the multiple-tap channel is observed.

We want to further point out that the Doppler frequency of the signal from each RRH could be quite different and even opposite, especially when the train is moving toward and away from these RRHs.
In this paper, the properties of the potential new channel model are analyzed and are compared with the existing HST and EPA/EVA/ETU channels. And finally the simulation is conducted to evaluate the impact to the receiver.
2 Doppler spectrum analysis
The HST channel is non-fading with one tap. The Doppler shift is switched periodically between positive frequency and negative frequency. Fig. 1 shows the Doppler spectrum when the frequency offset is not compensated. After frequency offset compensation, the Doppler spectrum should be as shown in Fig. 2. The proper UE implementation may keep the Doppler spectrum around DC when the Doppler shift is switched. 
Fig. 3 shows the Doppler spectrum of the legacy EPA/EVA/ETU channels. For each path of the channels, the corresponding coefficient can be derived by the modified Jakes model [3]. The pseudo code is expressed as,  
[image: image1.emf]   (1) ( the coeff for each path)
The above (1) can explain that under rich scattering environment, the Doppler spectrum covers between –fd Hz and fd Hz.
If the train is between two RRHs, moving away from one RRH and moving toward another one, we can consider the channel model as shown in Fig. 4. The actual power difference and delay difference are time varying. To simplify the analysis, let’s make it static, and the mathematical expression is shown below,  
[image: image2.emf]  (2)
To compare (1) with (2), the two-path model in (2) is actually for the line-of-sight and less scattering scenario. 

Fig. 5 shows the Doppler spectrum without frequency offset compensation for the settings of power difference = 5dB, path delay = 0.4us and fd = -750Hz. Interestingly, the Doppler spectrum after frequency offset compensation as shown in Fig. 6 becomes non-symmetric, and it is seen that the frequency of nearly two times of fd appears.
[image: image3.png]nomalized power (d6)

7
‘000 4000 3000 2000 -1000

i
0 1000 2000 3000 4000 6000
¢



   [image: image4.png]nomalized power (d6)

70 i L i
“5000 -4000 3000 2000 000 0 1000 2000 3000 4000 5000
freq (Hz)





    Fig. 1, Doppler spectrum of HST channel                  Fig. 2, Doppler spectrum of HST channel

without FO compensation                              after FO compensation
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    Fig. 3, Doppler spectrum of EVA 300Hz 

without/after FO compensation 
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   Fig. 4, Proposed static channel model for UE to receive same signal from two RRHs with opposite Doppler shifts
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Fig. 5, Doppler spectrum of two-path channel              Fig. 6, Doppler spectrum of two-path channel

     without FO compensation                              after FO compensation
3 Performance evaluation of the new channel
The proposed new channel model has shown different Doppler spectrum from the legacy HST/EPA/EVA/ETU channels. To check the corresponding impact to the receiver performance, we simulate with different receiver configurations.
The simulation settings are, TM1, one RX, 10 PRBs with fixed MCS. The two-path channel is configured with 0.4us delay, fd = -750Hz, and the power difference is adjusted to evaluate the impact. In each figure below, there are three performance curves. The red one is to enable frequency offset compensation and apply the normal channel estimation method for handling exist HST channel, and EPA/EVA/ETU channels up to 600Hz. The blue one is to disable FO compensation and apply the normal channel estimation method. Remember that disabling the compensation is just for simulation comparison purpose. And finally, the purple one is to enable FO compensation and also apply enhanced channel estimation method.
Obviously, as the frequency offset is estimated and is then compensated, the normal channel estimation method for handling the legacy channels may fail. The enhanced channel estimation method needs to be considered in order to recover the performance. 
Then we have observed that,

Observation 1, The frequency offset estimation shows significant value when there is power difference between paths in the two-path channel.
Observation 2, The two-path channel with opposite Doppler shifts could impact the receiver which is designed for legacy channels.
Based on the simulation results, we propose that,

Proposal 1, Encourage the interested companies to further study the multiple-tap channel, especially when the opposite Doppler shifts exist between the taps. 
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    Fig. 7, MCS 24, power difference = 3dB                Fig. 8, MCS 14, power difference = 3dB
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Fig. 9, MCS 24, power difference = 5dB                Fig. 10, MCS 14, power difference = 5dB
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Fig. 11, MCS 24, power difference = 10dB             Fig. 12, MCS 19, power difference = 10dB
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   Fig. 13, MCS 14, power difference = 10dB
4 Conclusion 
Our observation and proposal are in the following, 
Observation 1, The frequency offset estimation shows significant value when there is power difference between paths in the two-path channel.

Observation 2, The two-path channel with opposite Doppler shifts could impact the receiver which is designed for legacy channels.

Proposal 1, Encourage the interested companies to further study the multiple-tap channel, especially when the opposite Doppler shifts exist between the taps. 
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