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1. Introduction
In RAN4 #74, RAN4 had first discussion on a new RAN4 SI “LTE performance enhancement under high speed scenario”. In SID [1], first objective of SI is specified as 

Comprehensively study enhancing of the requirements for UE RRM, UE demodulation and BS demodulation under existing high speed scenario.
In this contribution, we provide analyses on current status of RAN4 specification for existing high speed scenario and proposal for enhanced performance requirements. 
2. Discussion
2.1. Existing high speed scenario

In existing RAN4 specification, demodulation performance requirements for high speed scenario are specified in following two cases. 
· High speed train (HST) scenario
· High Doppler spread channel 

High speed train scenario is developed to model line-of-sight channel between UE on HST and eNB along the railway and maximum Doppler shift is specified based on assumption on specific operating band and HST speed. On the other hand, high Doppler spread channel is defined as generic fading channel with Jake’s spectrum and is used to model propagation channel with rich scattering such as urban environment. 
2.2. HST scenario

For BS demodulation requirement, HST propagation channel is defined in B.3 of TS 36.104 with parameters in table 1. For UE demodulation requirement, same channel model is defined in B.3 of TS 36.101 with parameters in table 2. In last RAN4 meeting, some companies argued that there is mismatch between BS and UE HST performance requirements based on the observation that BS HST channel model is defined up to 350km/h while UE HST channel model is defined only for 300km/h. However, this observation is misleading since Doppler shift for BS HST channel was derived for band 1 (2.1GHz) and Doppler shift for UE HST channel was derived for band 7 (2.6GHz). If we use band 1 for UE HST channel, Doppler shift of 750Hz will lead to HST speed of 375km/h. 
Observation 1. Existing HST channel model for BS and UE has similar coverage for UE mobility if we assume same operating band. 

Proposal 1. Don’t specify further HST channel requirement for both BS and UE demodulation performance. 

Table 1: Parameters for high speed train conditions

	 Parameter
	Value

	
	Scenario 1
	Scenario 3
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Table 2. High speed train scenario

	Parameter
	Value
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2.3. High Doppler spread channel
2.3.1.  Test coverage of existing high Doppler requirements
For demodulation performance in fading channel with high Doppler frequency, RAN4 specified following test cases. 
BS demodulation requirements

· PUSCH demodulation performance in ETU300 with QPSK 1/3

UE demodulation requirements

· TM1 PDSCH demodulation performance in ETU300 with QPSK 1/3 and 16QAM 1/2

· TM3 PDSCH demodulation performance in EVA200 with QPSK 1/3 and 64QAM 1/2

· TM3 PDSCH demodulation performance in ETU300 with QPSK 1/3 and 64QAM 1/2

Comparing BS and UE demodulation performance requirements, we can observe that BS performance requirement is defined only for QPSK 1/3 in ETU300 channel while UE demodulation performance covers both low, medium and high MCS. Considering that achieving good demodulation performance in high Doppler channel is more challenging in high MCS, we should add PUSCH demodulation test with high MCS to have similar coverage for BS and UE requirements. 
Proposal 2. Introduce PUSCH demodulation performance in ETU300 channel with high MCS to ensure balanced DL and UL performance. 

2.3.2. Higher Doppler performance requirements
RAN4 has been discussing UE’s PDSCH demodulation performance for EVA600 in Rel-12. Doppler spread of 600Hz would correspond to 325km/h in 2GHz and 240km/h in 2.7GHz. In last RAN4 meeting, some companies proposed to evaluate DL demodulation performance for even higher Doppler spread of 850Hz with target for HST deployment in 2.7GHz. 
First, we need to clarify whether rich scattering channel is typical propagation channel we can observe along HST railway. Rich scattering requires large number of scatterer between eNB and UE antenna, which is usually observed in urban or metropolitan area. In most time, HST will pass through rural areas instead of dense urban area. Therefore, there would be usually dominant line-of-sight between eNB and UE antennas in rural invironment. We can see that Rician channel instead of Rayleigh channel is more suitable channel model for such propagation environment. That’s why RAN4 specified HST channel model with one dominant line-of-sight path as propagation channel for HST scenario. 
Observation 2. Rich scattering channel is not typical propagation channel we can observe along HST railway. 

From UE receiver processing point of view, we expect Doppler spread of 850Hz would expose unique challenge in terms of channel estimation and tracking loop performance. Figure 1 shows TM3 PDSCH demodulation channel performance in high Doppler channel. We can see that demodulation performance begins to degrade drastically as Doppler frequency increases. When Doppler frequency is larger than 700Hz, we cannot reach peak throughput even for MCS 14. 
Observation 3. UE’s demodulation performance degrades drastically as Doppler frequency increases beyond 700Hz.  

Proposal 3. For PDSCH demodulation performance in high Doppler channel, settle down with requirements for EVA600Hz and don’t pursue higher Doppler frequency. 
In order to ensure balanced performance in both DL and UL under such high Doppler environment, it would be desirable to specify also PUSCH demodulation performance for EVA600. 

Proposal 4. Specify PUSCH demodulation performance in EVA600 with high MCS. 
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Figure 1. TM3 demodulation performance in high Doppler channel 
3. Conclusions

In this contribution, we provided analyses on current status of RAN4 specification for existing high speed scenario and proposals for enhanced performance requirements. 

Our observations and proposals are
Observation 1. Existing HST channel model for BS and UE has similar coverage for UE mobility if we assume same operating band. 

Observation 2. Rich scattering channel is not typical propagation channel we can observe along HST railway. 

Observation 3. UE’s demodulation performance degrades drastically as Doppler frequency increases beyond 700Hz.  

Proposal 1. Don’t specify further HST channel requirement for both BS and UE demodulation performance. 

Proposal 2. Introduce PUSCH demodulation performance in ETU300 channel with high MCS to ensure balanced DL and UL performance. 

Proposal 3. For PDSCH demodulation performance in high Doppler channel, settle down with requirements for EVA600Hz and don’t pursue higher Doppler frequency. 

Proposal 4. Specify PUSCH demodulation performance in EVA600 with high MCS. 
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