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1	Introduction
During RAN4#90b meeting, the general issues about BS demodulation scenarios and requirements for high speed scenario in LTE Rel-16 were discussed.  Some agreements for PUSCH are captured in the WF [1] as follows:
· The following deployment scenario are considered:
· Open space
· Bi-directional (1st priority)
· Uni-directional 
· Tunnel for multi-antennas
· Bi-directional (1st priority)
· Uni-directional 
· BS-Railway track distance (Dmin) and Initial distance of the train from BS (Ds/2):
· Same as existing HST scenario 1 for open space and 3 for tunnel
· Other options are not precluded
· WF on PUSCH for HST evaluation (not for requirement) 
· Deployment scenarios and related parameters (e.g., Ds, Dmin, fd) will be decided based on evaluation results. The following parameters should be considered in the evaluation
· The requirements will be specified based on the outcome of simulation.
For initial evaluation about the impact of high Doppler shift, some test cases are introduced. 
In this contribution, the view on BS performance requirements for high speed scenario is provided; also, the initial results are presented.
2	Discussion and Simulation results
2.1	Performance requirements for PUSCH  
As captured in the WF [1], there are four options Doppler value listed for initial evaluation purpose..
	Parameter
	Value

	
	Open space
	Tunnel for multi-antennas

	
	Bi-directional
(1st priority)
	Uni-directional
	Bi-directional
(1st priority)
	Uni-directional


	Ds
	1000 m
	300 m

	Dmin
	50m
	2m

	V
	500km/h
	500km/h(Other options are not precluded)

	fd
	2200Hz
1945Hz (1st priority for initial simulation  )
1750Hz
1600Hz
Any values in between acceptable are not precluded.



· 2200 Hz:  double than UE size (1100Hz)
· 1945 Hz:  based on LTE band 1(2.1GHz)
· 1750Hz:  double than UE side (872Hz) in LTE Rel-14
· 1600Hz: (band 1 lower than 500km/h, such as 420km/h)
Based on the agreement, the maximum Doppler shift supported will be considering the uplink and downlink channels together to decide a pair of maximum Doppler shift for downlink and uplink. Downlink can use CRS or DMRS based for Doppler tracking, while uplink can only use DMRS based. Due to different of density for RS in time domain and frequency domain, the Doppler tracking capability will be different for downlink and uplink. Generally, DL can provide more accuracy Doppler tracking capability than UL, due to more time density of RS in downlink under high speed scenario.
[image: ]              [image: ]
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Observation 1:  Uplink Doppler tracking capability is the bottleneck when considering Uplink and downlink together to decide a pair of maximum Doppler.
As indicted in Figure 1, the two DMRS location in LTE is 3rd and 11th, the time interval between 2 DMRS symbol in one subframe is about 0.5ms, which means the range of Doppler shift can be tracked about ±1 KHz. When the Doppler value is large than this value, the accuracy of Doppler shift value estimation is affected. Thus, large than 2000Hz Doppler value will exceed the limit of DMRS Doppler tracking capability, based on current physical design, which will result in the degradation of BS demodulation performance. 
Based on LTE spec with band 1(2.1GHz) in HST scenario in Rel-14, the Doppler shift value is about 1945Hz, higher than the LTE HST scenario.
Proposal 1: Lower than 2000Hz frequency Doppler value is preferred to specify the requirement of PUSCH with HST in high priority
In LTE with Rel-8, two kinds of high speed tests are introduced with supported 350km/h and 300km/h for open space scenario and tunnel scenario, separately. For tunnel scenario, considering the air pressure and atmospheric pressure resistance of tunnel environment, it is reasonable that the maximum velocity should be smaller than open space scenario for safety. Meanwhile, the existed deployment of high speed scenario is based on LTE band 1 for some operator, in order to guarantee the acceptable demodulation performance; one solution is to reduce the target velocity for tunnel environment. 
Proposal 2: Lower than 500Km/h shall be considered for tunnel for multi-antenna scenario
As for the requirements of moving propagation scenario, LTE specified the requirements of UL timing adjustment. The scenario for UL timing adjustment is derived from HST scenario, we prefer to focus on the PUSCH requirements with HST scenario firstly and deprioritize the requirements with moving propagation scenario.
Proposal 3:  Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with moving propagation scenario
2.1	Simulation results
In this section, the initial simulation result is provided. In table 1, we provide the simulation assumptions for BS demodulation, which is reused in TR36.878.
Table 1: simulation assumptions for PUSCH demodulation performance evaluation 
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	MCS for PUSCH
	
	QPSK 1/2, 16QAM 3/4

	Propagation condition and correlation matrix
	
	AWGN

	Antenna configuration
	
	1x2

	Reference receiver
	
	MRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical



In Figure 1, we provide the ideal simulation results for PUSCH under in Open Space for bi-directional scenario with QPSK 1/2.
[image: ]
Figure 1: Simulation results of BS demodulation performance with High Doppler shift value 
As indicated from figure1, the performance is degraded with 1945Hz compared with 1600Hz, and 1750Hz, the target SNR at 70% of achieved maximum throughput is about 0.6dB considering with 2dB implemented margin, compared with LTE Rel-15, the minimum requirement is about -1.5dB, so it has about 2.1dB performance loss due to high Doppler shift value. 
3	Conclusion
In this contribution, the view of remaining open issue for performance requirements of NR PUSCH is provided.
Observation 1:  Uplink Doppler tracking capability is the bottleneck when considering Uplink and downlink together to decide a pair of maximum Doppler.
Proposal 1: Lower than 2000Hz frequency Doppler value is preferred to specify the requirement of PUSCH with HST in high priority
[bookmark: _GoBack]Proposal  2: Lower than 500Km/h shall be considered for tunnel scenario.
Proposal 3:  Focus on the PUSCH requirements with HST scenario firstly and deprioritize the PUSCH requirements with moving propagation scenario
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