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1. Introduction
 In past meetings, the following agreements were reached regarding BS performance under HST scenarios [1, 2]. In this contribution, we provide motivation of HST and priority for discussion.
 (
RAN#81 [1]
The UE and BS demodulation performance requirements under HST scenarios are treated in TEI15 after December 201
8
.
RAN4#
90 [2]
Companies are encourage to evaluate for RAN4#90bis when they could provide evaluation results  for the following scenarios :
PUSCH requirements for high speed scenarios 
Option 1 HST (up to 300km/h or 350km/h at Band 7 (2.7GHz) [and  Band n77 (3.6GHz)])
Option 2: Use the same band as LTE to reduce the workload for BS side (i.e., maximum Doppler shift is 1340Hz). 
PRACH requirements for high speed scenarios 
Preamble format 0 with restricted set A and B
NOTE: For above scenarios, 1 additional DMRS is baseline. Other assumption is not precluded.
Operators are encourage to provide the motivation to introduce HST related tests as well as their priority on the test to be introduced in Rel-15 in RAN4 #90bis
)
2.	Discussion
2.1	Motivation of HST
In Japan, transport services by high-speed trains (HST, especially Shinkansen in Japan) began in 1964. Currently, it has spread throughout Japan and has become one of the major long-distance transportation that transports more than 3 million passengers annually. Such high-speed trains are widely used around the world. In LTE, HST tests were initially introduced from Rel.8 to ensure performance under HST conditions, and the target UE speed was up to 350 km/h (PUSCH for HST, PUSCH for UL timing adjustment for HST scenario and PRACH with restricted set A were defined as HST tests in Rel.8 LTE BS demodulation). Based on these performance requirements, LTE cells covering high-speed train service areas have been deployed so far, and LTE is available in high-speed trains. In NR, it is very important to ensure cell coverage for the existing LTE cells. Thus, even in the early stage of introduction of NR, it is required and expected to cover cells for high-speed trains as in LTE for making sure availability and further improvement. 
Observation 1: From early stage of introduction of NR, NR cells need to ensure cell coverage equivalent to the existing LTE cells and improve performance in high-speed train conditions are required.
From above observations, RAN4 requirements for UL and DL performance under HST scenarios are needed. In DL performance, it has already been decided to introduce HST tests to UE demodulation requirements in Rel.15. On the other hand, in UL performance, it has not been reached to introduce it in Rel.15. In order for NR to support HST, both UL and DL performance requirements for HST have to be specified. Therefore, HST tests for BS demodulation should be introduced in Rel.15. Otherwise, NR Rel.15 does not support HST. 
Proposal 1: Introduce BS demodulation requirements, equivalent to at least LTE HST, in NR Rel.15.
2.2	Discussion priority
Basically, maximum Doppler shift depends on an assumed UE speed and carrier frequency, as shown in Figure 1 and Table 1. In the previous meeting, two options for assumptions of maximum Doppler shift (UE speed and carrier frequency) were shown in WF. As option 1, it was proposed to use the same carrier frequency assumption (2.7 GHz for DL and UL) to avoid non-alignment of the assumption between DL and UL. It is noted that UL has been a performance bottleneck since the assumption of carrier frequency for UL is lower than DL (2.7 GHz for DL and 2.1 GHz for UL). In addition, maximum Doppler shift based on 3.6 GHz was also proposed for HST since Doppler spread used in channel model specified in NR Rel.15 is based on carrier frequency 3.6 GHz. On the other hand, as option 2, it was proposed to assume the same Doppler shift as LTE, as some companies concerned that it is difficult to achieve performance under such very high Doppler conditions. 
In general, larger subcarrier spacing has more resistant to frequency shift. In NR FR1, subcarrier spacing 30 kHz and 60 kHz are defined in addition to15 kHz. As a compromise, we propose to use the same assumption as LTE for 15 kHz subcarrier spacing and another assumption based on 3.6 GHz for 30 kHz subcarrier spacing.
Proposal 2: As maximum Doppler shift for HST in NR Rel.15, consider 1340Hz for 15kHz SCS and 2334Hz for 30kHz SCS.

Figure 1: Maximum Doppler shift vs. carrier frequency
Table 1: Maximum Doppler shift corresponding to UE speed and carrier frequency
	UE speed
	Maximum Doppler Shift

	
	Band n1 (2100MHz)
	Band n77 (3600MHz)

	300km/h
	1167Hz
	2001Hz

	350km/h
	1364Hz
	2334Hz



The first priority is HST scenario with maximum Doppler shift equivalent to LTE taking into account the actual deployment and DM-RS density assumed in Rel.15. In a UL channel, DM-RS density is one of the important parameters to ensure the performance under high-speed conditions since DM-RS would be used for tracking of Doppler frequency. The density of DM-RS for NR (i.e. 1+1 DM-RS configuration) is similar to LTE. Therefore, the performance under HST with maximum Doppler shift equivalent to LTE HST expected to be achieved in NR 
The second priority is HST scenario based on higher frequency bands (i.e. n77/n78/n79). These bands are specified for NR and are expected to be used mainly from the initial deployment of NR. The feasibility of the performance for band n77/n78/n79 and 30kHz SCS under higher Doppler conditions (i.e., Maximum Doppler shift: 2334Hz) might be further investigated. 
The third priority is UL timing adjustment for HST. In LTE, this requirement was introduced in the same release as introduction of HST. In high-speed train conditions, a timing difference between stationary UE and moving UE should be considered since there is a possibility of multiplexing different speed UEs. In NR, the situation is the same as LTE. 
[bookmark: _GoBack]Proposal 3: In NR Rel.15, prioritize requirements for HST as follows:
1st priority:
1) PUSCH requirement for HST;
· Frequency: 2.1GHz (Band 1), which is equivalent to LTE Rel.8;
· SCS: 15kHz and 30kHz
· UE speed: 350km/h
· Maximum Doppler shift: 1340Hz
2) PRACH requirement for HST;
· Frequency:2.1GHz (Band 1), which is equivalent to LTE Rel.8;
· Format: Preamble format 0 with restricted set A
· Maximum frequency offset: 1340Hz
2nd priority
1) PUSCH requirement for HST;
· Frequency: 3.6GHz (Band n77)
· SCS: 30kHz
· UE speed: 350km/h
· Maximum Doppler shift: 2334Hz 
2) PRACH requirement for HST;
· Frequency: 3.6GHz (Band n77)
· Format: Preamble format 0 with restricted set B
· Maximum frequency offset: 2334Hz or 2500Hz
3rd priority
1) PUSCH for UL timing adjustment under HST scenario;
· Number of UEs: One stationary UE and one moving UE
· UE speed: 350km/h
3.	Conclusion
In this contribution, we provide our views on BS PUSCH demodulation test setup. The following proposals are obtained.
Observation 1: From early stage of introduction of NR, NR cells need to ensure cell coverage equivalent to the existing LTE cells and improve performance in high-speed train conditions are required.
Proposal 1: Introduce BS demodulation requirements, equivalent to at least LTE HST, in NR Rel.15.
Proposal 2: As maximum Doppler shift for HST in NR Rel.15, consider 1340Hz for 15kHz SCS and 2334Hz for 30kHz SCS.
Proposal 3: In NR Rel.15, prioritize requirements for HST as follows:
1st priority:
3) PUSCH requirement for HST;
· Frequency: 2.1GHz (Band 1), which is equivalent to LTE Rel.8;
· SCS: 15kHz and 30kHz
· UE speed: 350km/h
· Maximum Doppler shift: 1340Hz
4) PRACH requirement for HST;
· Frequency:2.1GHz (Band 1), which is equivalent to LTE Rel.8;
· Format: Preamble format 0 with restricted set A
· Maximum frequency offset: 1340Hz
2nd priority
3) PUSCH requirement for HST;
· Frequency: 3.6GHz (Band n77)
· SCS: 30kHz
· UE speed: 350km/h
· Maximum Doppler shift: 2334Hz 
4) PRACH requirement for HST;
· Frequency: 3.6GHz (Band n77)
· Format: Preamble format 0 with restricted set B
· Maximum frequency offset: 2334Hz or 2500Hz
3rd priority
2) PUSCH for UL timing adjustment under HST scenario;
· Number of UEs: One stationary UE and one moving UE
· UE speed: 350km/h
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