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1 Introduction
In RAN#70 meeting, the WI of “Performance enhancements for high speed scenario” had been approved. The objective of the work item is to “specify the requirements for UE RRM, UE demodulation and BS demodulation which were identified in SI stage. Target moving speed is at least 350km/h and at most 750km/h, depending on candidate solution. Supporting more than 350km/h is only considered for the unidirectional RRH arrangement and the frequency pre-compensation solution.” [1] The objective of the WI for UE demodulation performance requirements is:
· Specify demodulation performance requirements for the downlink demodulation performance if needed, based on the following three candidate solutions provided in SI, including advanced receiver in high speed scenarios, BS frequency pre-compensation and Unidirectional SFN arrangement.
· Specify new CSI requirements considered for the final solutions to enhance the downlink demodulation performance, if needed.
· For the requirements with advanced receiver in high speed scenarios, the other receiver solutions showing comparable performance with the candidate solutions can be considered.
· Receiver robustness in other scenarios/channels should be considered.
In this paper, we will share our views on downlink demodulation under SFN scenarios.
2 Candidate solutions for SFN scenarios
In the SI, UE demodulation requirement for legacy high speed scenarios and new identified scenarios had been studied. 

The simulation results showed that it is feasible to specify the new PDSCH demodulation requirements under the ETU600 to verify UE performance, the corresponding new requirement had been specified in Nov. 2015. 

For the new identified scenarios, Downlink performance evaluations were carried out under the SFN channel and leaky cable channel. For the scenario of the leaky cable in tunnel, there is no need to introduce the new demodulation performance requirement. For the SFN scenario, the significant performance gap is observed under 350km/h and 30km/h, so the performance enhancement needs to be considered. Some candidate solutions are proposed.

· Advanced receiver
The degradation of the performance of UE in SFN scenarios is mainly because of the imperfect frequency tracking and channel estimation. For the advanced receiver with new algorithms for frequency tracking and the channel estimation, the performance can be improved. Such receiver could be called as HeUE (high speed scenario enhanced UE). 
· BS frequency pre-compensation
The BS frequency pre-compensation is a BS based solution. For this solution, BS will determine the downlink Doppler frequency to be compensated by estimating the uplink Doppler frequency using the uplink signal, e.g., PUCCH and PUSCH, and then compensate the frequency per RRH before transmitting in downlink.
· Unidirectional SFN arrangement
The Unidirectional SFN scenario is based on a network deployment where directional antennas are used and where it therefore can be controlled at which point a UE leaves one beam and enters the next. The intention is to provide a stable downlink carrier frequency as experienced by the UE when travelling at high speed. This can be achieved by arranging the RRHs in such manner that the strongest signal received by the UE has a nearly constant Doppler shift without sign-alternation. 
For the solution with advanced receiver, the receiver is enhanced to get better UE demodulation performance. It doesn’t require the BS or the network to do any changes. There are also some limitations for this solution. The ICI of the two taps under the SFN scenarios increases with the increasing of the speed of the UE, the SINR that UE can achieved is limited to UE’s speed. Therefore, if UE demodulation requirement is specified based on this solution, very high UE speed may not feasible. 
For the BS frequency pre-compensation solution, BS has to estimate the frequency shift and compensate it before transmitting in downlink. The frequency pre-compensation is always cell-specific, this cause the UEs in the front of the train and in the rear of the train will observe different Doppler frequencies. As the length of the train is limited, the UE performance won’t degrade significantly in thus scenario. Therefore, if there is only one train passing one site, the performance of UE will be significantly improved compared to the case without BS frequency pre-compensation. However, when there are two trains meet each other, the UE performance may significantly degrade.
For the unidirectional SFN arrangement solution, it is insensitive to the speed, so legacy UE receiver may work well in this condition. However, it requires BS to use directional antennas, which may not arranged by the operators. Besides, it may have some problems in handover, power control etc. 
Although the advanced receiver solution may not suitable for very high speed, it can improve UE demodulation performance without additional demands for BS or network arrangement. The SFN scenario without BS frequency pre-compensation and directional antenna is the typical SFN condition in the real deployment, in order to ensure UE performance in the normal SFN scenarios, test cases for UE demodulation requirements without BS frequency pre-compensation and unidirectional SFN arrangement under certain speed conditions needs to be specified.
Proposal 1: Specify new test cases for UE demodulation requirements without BS frequency pre-compensation and unidirectional SFN arrangement.

3 Performance evaluations and discussions

The degradation of the performance of UE in SFN scenarios is mainly because of the imperfect frequency tracking and channel estimation. For the advanced receiver with new algorithms for frequency tracking and the channel estimation, the performance can be improved. Such receiver could be called as HeUE (high speed scenario enhanced UE). 

The HeUE used in this paper is characterized by:

· HeUE is able to detect the propagation scenarios by itself. 
· If the scenario is detected to be SFN scenarios, the advanced receiver with new algorithms for frequency tracking and channel estimation are used, otherwise the legacy receiver is used.
· The advanced receiver is able to estimate multiple Doppler shifts by utilizing the enhanced frequency tracking algorithm, 

· The advanced receiver can conduct the proper interpolation for the channel estimation for the scenarios with multiple Doppler shifts. 

Fig. 1 and Fig. 2 provide the simulation results of HeUE and legacy UE with the speed of 350km/h with simulation assumptions the same as given in the SI [2]. It is obvious that UE demodulation performance is significantly improved by HeUE.
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Figure 1 Simulation results of HeUE for SFN875 with link adaption
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Figure 2 Simulation results of HeUE for SFN875 with fixed MCS

For the HeUE, the receiver robustness in other scenarios/channels should be considered. Fig. 3 provides the performance of HeUE under the legacy channel conditions. It can be seen that the performance of HeUE under other scenarios are similar to the legacy UE. Therefore, the HeUE proposed in this paper is feasible to be used under the SFN channel conditions. We suggest to specifying test cases for SFN channel conditions based on advanced receiver with UE speed of 350km/h.
Proposal 2: Specify new UE demodulation performance tests under SFN channel conditions based on advanced receiver with UE speed of 350km/h.
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Figure 3 Simulation results of HeUE for ETU600

4 Conclusions
In this contribution we have discussed the candidate solutions for SFN scenarios and provided our simulation results for the advanced receiver. Based on the discussion and simulation results, we propose that:
Proposal 1: Specify new test cases for UE demodulation requirements without BS frequency pre-compensation and unidirectional SFN arrangement.

Proposal 2: Specify new UE demodulation performance tests under SFN channel conditions based on advanced receiver with UE speed of 350km/h.

5 References

[1] RP-152263, New WI proposal: Performance enhancements for high speed scenario, NTT DOCOMO, INC., Huawei, HiSilicon
[2] 3GPP TR 36.878 v2.0.0 ( 2015-12), Study on performance enhancements for high speed scenario in LTE(Release 13)
3GPP

