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1   Introduction
In RAN plenary meeting #70, the new work item “Performance enhancements for high speed scenario” was approved [1]. Based on the simulation results captured in TR36.878, significant performance gap is observed under 350km/h and 30km/h in the identified scenario. And SI has reached consensus on UE performance enhancement as described in TR 36.878.
From the discussion during SI, the main issues related to UE enhancement includes,

· Frequency shift estimation

· Channel estimation

· Robustness of the advanced receiver
In this contribution, we will give our view on UE performance enhancement from those two aspects.

2   Discussion

2.1   Frequency shift estimation

Doppler shift estimation results from different companies were provided in SI phase, as following Figure 1~Figure 4 depicted,
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Figure 1 Fig. 2, Receiver behaviour with normal channel estimation (#75, R4-153188)
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Figure 2 Doppler shift estimation of the legacy UE (#76, R4-154243)
Case II: The train is travelling right at the middle of two RRHs. In this case, the differences of time delay and received power of the two taps are [0, 0] us and [0, 0] dB.
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Figure 3 Fig.2 Comparison of estimated and true Doppler shift (#76BIS, R4-155618)
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Figure 4 Figure 1: Simulated Delay Spread, SNR and Frequency error on a SFN channel (#76bis, R4-156000)
From the first simulation results provide in SI, it is observed that the frequency estimated by the legacy UE is nearly zero when UE is near mid-point of two adjacent RRHs. And from latter three simulation results, it is observed that legacy frequency estimation is rapidly changing and seems to be a random value when UE is in-between two RRHs.
Observation 1

The legacy Doppler frequency shift estimation results in the middle of two RRHs are different among different companies.
The legacy frequency shift estimation is performed based on CRS. If OFDM symbol 0&4 with 7&11are used, the upper limit of estimated frequency equals to 1.75 KHz; OFDM symbol 0&7 with 4&11 are used, the upper limit of estimated frequency equals to 1 KHz; OFDM symbol 4&7 are used, the upper limit of estimated frequency equals to 2.3 KHz. Frequency aliasing will be generated if the Doppler spectrum beyond those upper limits, which would lead to frequency shift tracking performance degradation. In the following, we use Figure 5~Figure 7 to explain the frequency shift tracking behavior.
Assume the carrier frequency is fc, max Doppler shift value is 875 Hz and sub-frames 0&7 with 4&11are used to estimate frequency shift. UE is travelling to the near mid-point of two adjacent RRHs, and the frequency spectrum of received based band signal without frequency shift correction is described by Figure 5.  As the signal from Tap 1 is stronger than Tap 2, UE would tune to fc-875Hz, so the based band signal after tuning is described by Figure 6     
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Figure 5
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Figure 6
Then UE will use the sampled signal (i.e. CRS) of tuned signal in Figure 6 to estimate the residual frequency shift. The frequency spectrum of sampled signal will periodic extended as Figure 7. As UE identifiable spectrum range is -1 KHz ~ 1 KHz, so the estimated residual frequency shift distributes in the range -0.25KHz~0. With the Tap 2 becoming stronger than Tap 1, the frequency estimator would lock to -0.25KHz, which means the total frequency shift is reaching to -1125Hz when the Tap 2 becoming the stronger Tap. However the theoretical frequency shift should be +875Hz while Tap2 becoming stronger tap.
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Figure 7
Using different CRS combinations (i.e. 0&4 with 7&11 or 0&7 with 4&11 or 4&7), the frequency alias will be different which results in different frequency shift estimation value. 
In the following Figure 8 which Y-axis represents frequency shift (Hz) and X-axis represents TTI (ms),  we give real the frequency shift estimation with related normalized demodulation performance comparison in Figure 9 between real right frequency shift estimation (i.e. case 1) and real wrong frequency shift estimation (i.e. case 2) while UE at near mid-point of two adjacent RRHs. The related simulation assumptions are provided in section 6.4.1 in [1].
The real right frequency shift estimation performance is based on CRS of 0&4 with 7&11 while the real wrong frequency shift estimation is based on CRS of 0&7 with 4&11.
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(a) Real right frequency shift estimation results                         (b) real wrong frequency shift estimation results
Figure 8    frequency shift estimation results
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Figure 9    normalized demodulation results
From the evaluation results above, we observed that
Observation 2: The frequency shift estimation performance affects demodulation performance seriously. 
Based on the above analysis, selecting proper CRS combination for different max Doppler shift is critical to frequency shift tracking performance. Maybe jointing three kinds of CRS combination, i.e. 0&4 with 7&11, 0&7 with 4&11 and 4&7to estimate the frequency shift could be considered to improve legacy frequency shift estimator performance. 
In Figure 9, we give our normalized throughput evaluation results of UE travelling at middle 1000TTi of two RRHs. The related simulation assumptions are provided in section 6.4.1 in [1]. The case 1 represents the performance of legacy channel estimation with ideal frequency tracking, i.e. the frequency shift estimator tracking 0 in the middle of two RRHs, while the case 2 represents the performance of Non-LS with multiple taps frequency tracking.  Based on the simulation results in Figure 10, we observed that the legacy channel estimation based on the assumption of ideal frequency shift estimation is well compared to Non-LS. So frequency shift estimation could be verified during that location. So we consider that 

Propose 1: Define test case to verify frequency shift estimation in the middle of two RRH.
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Figure 10
2.2   Channel estimation
As the channel characteristics [2] consisting of tap power, tap delay and tap Doppler shift, change over time quickly in high speed scenario, channel estimation algorithm cannot simultaneously track channel variation of both channel taps, which leads to large performance degradation while high MCS is used as discussed in [3]. 
As the two taps from different RRHs has opposite Doppler shift, the Doppler spectrum could be shifted after compensating the frequency offset [4], which is not typical U-shape spectrum. Legacy channel estimation is based on symmetrical U-shape Doppler spectrum, and it would mismatch with two-tap channel in high speed scenario, which would degrades demodulation performance especially when two taps have comparable power, i.e. UE is near mid-point of two adjacent RRHs. Extending shifted asymmetric U-shaped could be considered as one potential solution. This solution improves channel estimation performance via extending U-shape spectrum distribution range properly to cover the two spectrum line. In section 3, the evaluation results based on extending U-shape spectrum distribution range are presented.   
The advanced receiver HeUe for performance enhancement under the SFN scenario was proposed and the corresponding simulation results were provided in [5]. In [6], potential algorithms for the multiple frequency estimation and channel estimation were provided as guidance of HeUE. HeUE could tracking multiple taps and calculate channel filter coefficients synchronously. So HeUE could improve demodulation performance by tracking channel variation synchronously. 
To ensure the performance of enhanced channel estimation, new test case is considered to be defined.
Propose 2: Define test case to verify the enhanced channel estimation performance.

2.3   Robustness of the advanced receiver
During discussion in SI, some vendors concerned whether the advanced receiver could work properly in other scenarios and whether advanced receiver could improve performance in more realistic HST scenario. The robustness is indeed important for advanced receiver which could ensure the performance of it.
The advanced UE should pass all the tests before Release13 in the first, so it is capable of working in other scenarios. As for the other scenarios, such as ETU 600, the Doppler spectrum is different from two tap channel model in SFN scenario. So UE can identify the scenario by blindly detect Doppler spectrum which could lead to increasing the complexity of UE. Maybe high_speed_flag can be considered to indicate the UE the current high speed train scenario to simplify the UE receiver, which is the assistant signalling specified in 36.213
With respect to the realistic HST scenario, the channel model is more like Figure 11. UE will receive two groups of signals, one group with positive Doppler shift and the other group with negative Doppler shift, so the Doppler spectrum is like Figure 12. The frequency spectrum distributes around the two frequency shifts which are the positive and negative max Doppler shift.  The two tap channel model with opposite Doppler shift matches the practical scenario very well.  Real time Doppler shift estimation could be used to improve performance with greatly increased complexity. 
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Figure 11 SFN scenario
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Figure 12
3   Simulation results

In this section, we will give the simulation results of four kinds of receivers which are described in table 2.The simulation assumptions for fixed MCS provided in [2] are copied in the following Table 1.
Table 1 Table 6.4.1-2: Simulation assumptions for UE demodulation performance evaluation under the new high speed train scenario (fixed MCS)

	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	MCS#19 (R.35-4 FDD)

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel: 

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison 

	
	Leaky cable
	
	Channel for leaky cable to repeater in Tunnel: FFS

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 2: Reference receivers for fixed MCS simulation

	Simulation case
	Reference receiver

	Case 1:
Non-LS receiver
	Frequency tracking: UE capable tracking the multiple (two) Doppler shifts
Channel estimation: Wiener filter assuming two path channel with different Doppler shifts, PDP estimation

	Case 2 
	ideal channel estimation

	Case 3:
 ideal symmetrical U-shape
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger 5 dB than the other and ideal U-shape Doppler spectrum while the difference between two tap’s powers is lower 5 dB.

	 Case  4:
 Extenden shifted U-shape 
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger 5 dB than the other and extending spectrum range of shifted U-shape Doppler spectrum while the difference between two tap’s powers is lower  5 dB.

	 Case 5: 
shifted asymmetric U-shape 
	Frequency tracking: UE capable tracking the single Doppler shift

Channel estimation: Wiener filter assuming single Tap while one tap power is stronger 5 dB than the other and shifted U-shape Doppler spectrum while the difference between two tap’s powers is lower 3 dB.
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Figure 13
Simulation results of different receivers are provided in Figure 13.  From the evaluation results, we can observe that if the shifted U-shaped spectrum caused by frequency shift compensation is ignored at the near middle of two RRHs, the legacy UE’s performance is degraded. And extending U-shaped Doppler spectrum to cover the entire spectrum element is helpful for performance enhancement. The receiver based on extended shifted U-shaped Doppler spectrum has a certain performance gap to the receiver based on ideal symmetrical U-shape. The receiver based on ideal symmetrical U-shape at the near middle of two RRHs has big performance gap to Non-LS receive or ideal channel estimation.
Observation 3: Non-LS receiver has almost the same performance as ideal channel estimation

Propose 3: Non-LS receiver or other receiver with the similar performance is selected as reference receiver to specify requirements for SFN scenario. 
4   Conclusions
In this contribution, we analyzed three key issues about advanced receiver, and the conclusion are:

Observation 1: The legacy Doppler frequency shift estimation results in the middle of two RRHs are different among different companies.
Observation 2: The frequency shift estimation performance affects demodulation performance seriously. 
Observation 3: Non-LS receiver has almost the same performance as ideal channel estimation
Propose 1: Define test case to verify frequency shift estimation in the middle of two RRHs.
Propose 2: Define test case to verify the enhanced channel estimation performance.
Propose 3: Non-LS receiver or other receiver with the similar performance is selected as reference receiver to specify requirements for SFN scenario. 
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