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1 Introduction
In RAN4 meeting #76, many companies provided the evaluation results for PDSCH demodulation performance under identified SFN scenario. And the identified issues about demodulation performance under the SFN scenario were agreed [1] as following,

· In the agreed SFN scenario, it is observed that the performance of UE complying with the Release-12 demodulation performance requirements degrades, because

· Frequency tracking loop may diverge;

· Channel estimation performance degrades.

· The enhancement of the downlink performance under the SFN scenario could be considered.
As for the solutions to improve the downlink performance under SFN scenario are widely discussed. However, there is no agreement reached. The candidate solutions include UE based solutions and BS based solutions as listed in [1]. 
In this contribution, we further discuss the potential BS based solutions and provide the simulation results for the potential BS based solution.  
2 BS based solution
BS based solution estimate the downlink frequency by using the uplink signal, e.g., PUCCH for ACK/NACK transmission, and then compensate the downlink frequency per RRH before transmitting. One of BS solutions is based on CRS transmission mode, which means that the BS will add a Doppler shift per RRH on purpose for the whole downlink transmission on this RRH. When UE is located in-between two RRHs, UE will almost observe no Doppler shifts from different RRH by using this solution and the downlink performance can be improved without the impact on UE. We call this solution as BS frequency pre-compensation.
One question for this solution would be whether BS is capable of estimating the downlink frequency and compensating the Doppler shift before transmitting. Firstly, there is approximately fixed relation between the downlink Doppler shift and uplink Doppler shift given that the uplink and downlink are in the same frequency band and the propagation paths of one pair of RRH and UE for uplink and downlink are almost the same. Thus BS can calculate the downlink Doppler shift based on the uplink Doppler shift. Secondly, there is HST BS demodulation performance requirements since Rel-8, which require BS to estimate the time-varying uplink Doppler shift accurately, i.e, conducting proper AFC, and then to perform the good PUSCH demodulation. In that sense, we believe that BS is able to accurately estimate the uplink Doppler shift.
The second question for this solution would be whether the CRS based frequency pre-compensation can work for the UE observing different Doppler shift values since only one fixed frequency is adjusted per RRH. It is true that the UE located in front of the train will observe different Doppler shift trajectory compared UE located in the rear of the train. We provide one example in Figure 5, where the BS use one UE as the reference UE to determine the frequency to be adjusted before transmitting and the other UE which we will evaluation the performance is X meters away from the reference UE. We plot the remaining Doppler shifts for the evaluated UE.

From Figure 1, we can see that the Doppler shifts in-between two RRHs approach zero. The blue curve corresponds to RRH0 and red curve corresponds to RRH1, and the train moves from the left to the right. At point A, UE is close to RRH0 and is leaving RRH0 and moving to RRH1. Around point A, UE will see a very strong path from RRH0. Although the residual Doppler shifts from RRH0 and RRH1 are different, the path from RRH1 is much weaker and thus UE can always track RRH0 to achieve almost all the power from RRH0. At point B, RRH1 is the dominant path and so UE only need to track RRH1 although the RRH0 has the different Doppler shift. At both A and B, the channel is quite close to a single tap channel.
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Figure 1: Frequency pre-compensation: (a) Doppler shifts of target UE; (b) Doppler shifts of the reference UE; (c) Residual Doppler shifts at the target UE after frequency pre-compensation transmission, and blue curve corresponding to RRH0 and red curve corresponding to RRH1, and the train moves from the left to the right
In Figure 2, we provide the initial simulation results for this solution by using the BS frequency pre-compensation solution, where the UE is not HeUE but the legacy UE. It is observed that the BS solution can also improve the downlink performance. And for BS based solution, it is thought that the BS requirements to guarantee the frequency pre-compensation functionality should be introduced.
3 Evaluation for BS frequency pre-compensation solution
The related simulating parameters are listed in table1. And the simulation result for BS frequency pre-compensation is depicted in figure 2.
Table 1

	Transmission mode
	TM9

	rank
	2

	MCS
	19

	PMI
	[1 1;j -j]

	CRS port
	port0, port1

	Channel estimation
	legacy method

	frequency shift estimation
	Legacy method

	Frequency value for pre-compensation
	ideal
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Figure 2: Simulation results for BS based solution with legacy UE
From the simulating results, we observed that the performance based on frequency pre-compensation method is close to that based on ideal channel estimation and . The reason for the tiny gain of frequency pre-compensation method compared to ideal channel estimation is that the former reduces the ICI introduced by Doppler shift. So based on the evaluation results, we conclude that frequency pre-compensation method can effectively improve the UE demodulation performance.

Observation 1: BS frequency pre-compensation method can effectively improve the UE demodulation performance. 
Based on our observation, we propose BS based solution,

Proposation1: (BS based solution): The enhanced BS can estimate the downlink frequency by using the uplink signal, e.g., PUCCH for ACK/NACK transmission, and then compensate the downlink frequency per RRH before transmitting.
4 Conclusions 
In this contribution, we further study the BS based solution to improve the downlink demodulation performance and provide our evaluation results. Based on our simulation results, we observe that
Observation 1: BS frequency pre-compensation method can effectively improve the UE demodulation performance.
In order to improve the UE demodulation performance under SFN scenario, we propose BS based solution:
Proposition 1: (BS based solution): The enhanced BS can estimate the downlink frequency by using the uplink signal, e.g., PUCCH for ACK/NACK transmission, and then compensate the downlink frequency per RRH before transmitting.
BS based solution can not address the issue when one cell has two trains moving in the different directions along the separate tracks, but BS based solution may not need the change on UE side. So, for BS based solution, it is thought that the BS requirements to guarantee the frequency pre-compensation functionality should be introduced.
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