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1 Introduction

In UTRA, the demodulation performance requirements were defined separately to cover different bands with respect to a set of UE velocities, i.e., 3km/h, 30km/h and 120km/h, since the same velocity led to different Doppler frequencies for different bands. In LTE, in order to avoid the proliferation in the number of Doppler speeds and propagation conditions, each propagation condition was defined based on a max Doppler frequency spread instead of UE velocity. 

The Doppler frequencies used in LTE UE performance, i.e., 5Hz, 70Hz and 300Hz, were defined with respect to Band 7 (fc =2690 MHz) which was the maximum carrier frequency in Rel-8 [1] [2]. Originally, the high Doppler frequency was selected as 900Hz, which corresponds to 350km/h in band 7 [1] [2], and then it was changed to a moderate value of 300Hz [3]. The low Doppler frequency corresponds to between 2.3 and 7 km/h in the existing frequency bands [1] [2]. The medium Doppler frequency is the “logarithmic” average of the 5 and 900 Hz [1] [2]. For high speed train channel model there was a note to indicate that the model is designed for Band 7.
In current specifications for UE demodulation performance requirements, the following propagation conditions are used for different transmission modes and physical channels:
· TM1 (SIMO): EVA5, ETU70, ETU300, HST;

· TM2 (SFBC): EVA5, HST;

· TM2 (SFBC-FSTD): EPA5, ETU70;

· TM3 (LD-CDD): EVA5, EVA70;

· TM4 (closed-loop): EPA5, EVA5, ETU70;

· TM5, TM8, TM9 (DRS and DMRS): EPA5, EVA5;

· PDCCH/PCFICH: EPA5, EVA5, ETU70;

· PHICH: EPA5, EVA70, ETU70;

· PBCH: EPA5, EVA5, ETU70.
Although the test case number is minimized via the above methodology, there would be a gap between the test coverage and the practical needs of network. Practically for network deployment the UE velocity instead of Doppler frequency will be considered. And for the different bands, the same speed translates into the diverse Doppler frequencies. The example is given in the following table.

Table 1: the Doppler frequency and corresponding UE velocity

	
	700MHz (Band13)
	2GHz (Band 4)
	2.6GHz (Band 7)
	3.6GHz (Band 43)

	5Hz
	7.7km/h
	2.7km/h
	2km/h
	1.5km/h

	70Hz
	108km/h
	37.8km/h
	29km/h
	21km/h

	300Hz
	462km/h
	162km/h
	124km/h
	90km/h

	200Hz
	308km/h
	108km/h
	83km/h
	60km/h


In the exiting requirements, ETU300Hz only covers TM1, while in practical network TM2, TM3 and TM4 may prevail more. So the current requirements can guarantee the reliable UE performance with high velocity (e.g., 100km/h ~ 120km/h) for lower bands, but cannot guarantee the high speed performance for higher bands.
If the velocity ranging from 100km/h to 120km/h for higher bands was highly valued by operator, RAN4 should consider the new test cases for it. In this paper, we will trigger the discussion and provide the initial simulation results and analysis. 
In this initial paper, we only focus on UE demodulation performance parts. The high Doppler will also impact the RRM part and eNB performance, which may be discussed in the future.
2 Simulation results and analysis
2.1 Simulation results assuming simple implementation
Table 2 gives the simulation assumptions. We focus on the open loop MIMO modes, i.e., TM2 and TM3. Figure 1 ~ Figure 3 provide the simulation results with fixed MCS. Figure 4 ~ Figure 5 provide the simulation results of TM1, TM2 and TM3 (LD-CDD with fixed rank-2), where out loop link adaptation (OLLA) is used and BLER is controlled to be about 10%.
Table 2: Simulation assumptions

	Parameter
	Value

	Channel
	EVA5, EVA70, EVA20 with 2GHz carrier-frequency 

	LTE configuration
	10MHz, all RB used, PDSCH channel, CCH always assumed correct

	Fix MCS
	Three opinion
1. QPSK 1/2

2. 16QAM 1/2

3. 64QAM 1/2

	Adaptive MCS
	PUCCH 1-0, 10% BLER OLLA adjustment

	Receiver 
	MMSE

	Channel estimation
	Wiener filter, based on CRS in the single subframe

	Transmission mode and antenna configuration
	1. TM1 1X2 low

2. TM2 2X2 low

3. TM3 2X2 low, rank 2
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Figure 1 Simulation results of QPSK 1/2 with TM2        
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Figure 2 Simulation results of 16QAM 1/2 with TM3
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Figure 3 Simulation results of 64QAM 1/2 with TM3s
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Figure 4 Simulation results of TM1 with link adaptive
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Figure 5 Simulation results of TM2 with link adaptive
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Figure 6 Simulation results of TM3 with link adaptive
It can be observed that when the required operating SNR is low, i.e., fixed MCS 1/2 QPSK TM2, fixed MCS 1/2 16QAM TM3, TM1 and TM2 link adaptation cases, the loss for propagation condition of EVA200Hz is relative small (less than 2.5dB) compared to low speed cases, i.e., EVA5 and EVA70. But with the increasing SNR the maximum throughput can be reached in EVA200. When the required operating SNR is high, i.e., fixed MCS 1/2 64QAM TM3 and TM3 link adaptation case, the loss for EVA200 compared to EVA5 and EVA70 is significant and the maximum throughput cannot be reached. 
The reason behind this is mainly because we use the simple noise estimation algorithm shown in Figure 7. The Port 0 CRS RE is marked by red block and Port 1 CRS RE is marked by red “X”. UE will use a pair of CRS RE-s adjacent in frequency and time domain, e.g., RE labelled as “A” and RE labelled as “B” for the noise estimation.
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Figure 7 Simple noise estimation algorithm

After removing the RS sequence, the LS estimation of A and B is denoted by
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Then one noise estimate from this CRS RE pair is 
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After averaging the above estimates across the sub-carriers and OFDM symbols, UE can obtain the final estimation of noise. When the UE velocity is low, the channel along time varies slowly. So HA–HB approaches zero and the noise estimate is accruate. But when the UE velocity is high, the remaining error of HA–HB for noise estimation becomes large, which results in the “floor” for the noise estimation.  For example, when practical SNR is larger than 16dB, the remaining error of HA–HB becomes dominant compared to the real noise, thus the estimated SNR will not decrease with the practical SNR. In that way, although the actual noise decreases, its estimate is kept as constant, which degrades the MMSE performance and makes the reported CQI very conservative. 
Except for noise estimation, the poor channel estimation would also impact the performance. But comparing with noise estimation, the effect of channel estimation is less significant.

2.2 Improved noise estimation and simulation results
If we enhance the noise estimation algorithm, e.g., using the same algorithm as that for MMSE-IRC, the performance can be greatly improved as shown in Figure 8 and Figure 9, where the enhanced algorithm is used. It can be observed that the performance under EVA200 can be greatly improved.
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Figure 8 Simulation results of 64QAM 1/2 TM3 with enhanced noise estimation
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Figure 9 Simulation results of TM3 link adaptation with enhanced noise estimation
3 Observations and Proposals
Comparing Figure 4 and Figure 9, we can observe that using TM3 can significantly improve the link level performance relatively to TM2 in high speed scenario. Comparing Figure 2 and Figure 8, we can observe that using high order MCS can improve the fixed MCS throughput robustly in the reasonable SNR range. Therefore we have
· Observation 1: In high speed scenario, e.g., EVA200Hz, TM3 and high order MCS can bring in the noticeable throughput improvement compared with TM1 TM2 and low order MCS.
And from Figure 8 and Figure 9 we can observe that 

· Observation 2: Simple (or poor) noise estimation will significantly degrade the performance of TM3 in high speed scenario.
Therefore in order to harvest the gain of open loop MIMO and rule out the poor UE implementation, we propose:
· Proposal 1: Add new demodulation performance requirements for TM2 and TM3 under high speed propagation conditions, e.g., EVA200, to cover the high speed (100km/h ~ 120km/h) scenario for higher bands (e.g., band 4).
To initialize the study, we propose the following cases for the further study as shown in Table 3. Other suggestions are not precluded.
Table 3: Candidate evaluation cases for further study in high speed scenario
	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode

	1
	10 MHz
	1/2 16QAM
	EVA200 2×2 Low
	TM2 SFBC

	2
	10 MHz
	1/2 16QAM
	EVA200 2×2 Medium
	TM2 SFBC

	3
	10 MHz
	1/2 64QAM
	EVA200 2×2 Low
	TM2 SFBC

	4
	10 MHz
	1/2 64QAM
	EVA200 2×2 Medium
	TM2 SFBC

	5
	10 MHz
	1/2 16QAM
	EVA200 2×2 Low
	TM3 LD-CDD

	6
	10 MHz
	1/2 16QAM
	EVA200 2×2 Medium
	TM3 LD-CDD

	7
	10 MHz
	1/2 64QAM
	EVA200 2×2 Low
	TM3 LD-CDD

	8
	10 MHz
	1/2 64QAM
	EVA200 2×2 Medium
	TM3 LD-CDD

	9
	10MHz
	Link adaptation
	EVA200 2×2 Low
	TM2, TM3

	10
	10MHz
	Link adaptation
	EVA200 2×2 Medium
	TM2, TM3


In order to reduce the test case number, it is also propose that the above requirements apply only for the UE supporting higher bands.

· Proposal 2: The new demodulation requirements are proposed to apply only for the UE supporting higher bands.
4 Conclusion
This contribution provides the analysis and simulation results for high speed scenarios. We observe that TM3 and high order MCS can bring in the throughput gain, but the UE especially with poor noise estimation would degrade the performance significantly. Therefore in order to guarantee that UE can well support high speed scenario, we propose
Proposal 1: Add new demodulation performance requirements for TM2 and TM3 under high speed propagation conditions, e.g., EVA200, to cover the high speed (100km/h ~ 120km/h) scenario for higher bands (e.g., band 4).
And in order to reduce the test effort, we propose that 

Proposal 2: The new demodulation requirements are proposed to apply only for the UE supporting higher bands.
The proposed test cases candidate is given in Table 3. Other suggestions are not precluded. And we suggest that the interest companies to provide the link adaptation simulation results firstly for evaluate the testing feasibility, and then decide the simulation assumptions of the new fixed MCS test cases.
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