[bookmark: page1]3GPP TSG-RAN WG4 Meeting #89	R4-1814922
Spokane, US, 12th – 16th Nov, 2018

Agenda item:	7.13.1.2
Source: 		NTT DOCOMO, INC.
[bookmark: _GoBack]Title: 	Views on high-speed train tests
Document for:	Discussion
1. Introduction
In the previous meetings, following agreements were reached regarding HST scenarios for NR performance test [1, 2]. In this contribution, we present our views on high-speed scenarios. It is planned that RAN4 will discuss this issue in TEI15 after Dec. 2018. 
RAN4 #AH1807
· Low speed: 
· TDD 10Hz (3km/h)
· [FDD 5Hz (3km/h)]
· Medium speed: 100Hz (30km/h)
· High Speed: 400Hz (120km/h)
· High speed train scenarios: 
· FFS maximum Doppler shift
· Need further discussion on the channel model
· FFS SCS and CP length for high speed performance requirements
RAN4 #88
Agreement: Use HST model as described on section B3 TS36.101 for FR1 for initial simulation purposes (max Doppler shift specified in table)
· FFS introduction of new requirements
· This topic will be discussed in agenda for PDSCH demodulation and other related agendas in the next meeting.
RAN #81
The UE and BS demodulation performance requirements under HST scenarios are treated in TEI15 after December 2018.

2. Discussion
In Japan, high speed trains (Shinkansen) have been deployed since 1964. It spreads all across in Japan and is still being expanded in the areas, where it is currently not available. Shinkansen is used by more than 350 million people per year and very common as a Japanese long-range transportation system. In addition, maglev is under construction targeting commercial launch in 2027, where the maximum operation speed can reach up to 500 km/h. This kind of high-speed transportation system is currently very common all around the world, e.g., China, Europe, Korea, etc., and it is very important that we make the cellular coverage for the passengers in the high-speed trains, especially for FR1. 
Table I briefly summarizes high-speed tests for LTE. For the DL, in Rel. 8, two types of high-speed tests were introduced for normal PDSCH demodulation that are high Doppler test and high-speed train (HST) test. The high Doppler test is introduced to verify UE tracking accuracy for high channel variation such as channel estimation algorithm, etc. Fig. 1 shows an image of high-speed train test. In this scenario, Doppler shift quickly varies when UE passes in front of the TRP that is indicated in blue crosses in the figure. These two tests can verify UE demodulation performance with the moving speed of 120 km/h and 300 km/h, respectively assuming carrier frequency of 2.7 GHz. In the Rel. 13, maximum Doppler frequency is increased up to 600 Hz that can achieve 240 km/h with the carrier frequency of 2.7 GHz. Furthermore, in Rel. 14, additional HST test is introduced that assumes single frequency network deployment. In this environments, UE is suffered by very wide range of Doppler shifts, in which positive and negative Doppler shifts are observed due to the TRPs at the direction of travel and TRPs on the other side, respectively. 
Table I. High-speed tests for LTE
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Figure 1: High-speed train scenario
Table I: Parameters for HST scenarios for Rel. 8 LTE DL
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Observation: For the LTE downlink, following high-speed tests have been introduced.
· Rel. 8
· High Doppler test with the max. Doppler frequency of 300 Hz (corresponding to 120km/h@2.7GHz)
· HST test with the max. Doppler frequency of 300 Hz (corresponding to 120km/h@2.7GHz)
· Rel. 13
· High Doppler test with the max. Doppler frequency of 600 Hz (corresponding to 240km/h@2.7GHz)
· Rel. 14
· HST-SFN test with the max. Doppler frequency of 875 Hz (corresponding to 350km/h@2.7GHz)

For NR, we specified high Doppler test with the max. Doppler frequency of 400 Hz which corresponds to 120 km/h@3.6GHz. On the other hand, other high-speed tests are not covered by the current test requirements. It is very important that we have HST test in FR1 that has been supported since Rel. 8 LTE. Otherwise, high speed support for Rel. 15 NR UE is reduced compared to LTE UEs in any releases and NR can’t be fully utilized as a coverage support. 

Proposal: For FR1, HST test should be introduced with the maximum Doppler shift of 750 kHz.
3. Conclusion
In this contribution, we presented our views on channel models for NR performance test.
Observation: For the LTE downlink, following high-speed tests have been introduced.
· Rel. 8
· High Doppler test with the max. Doppler frequency of 300 Hz (corresponding to 120km/h@2.7GHz)
· HST test with the max. Doppler frequency of 300 Hz (corresponding to 120km/h@2.7GHz)
· Rel. 13
· High Doppler test with the max. Doppler frequency of 600 Hz (corresponding to 240km/h@2.7GHz)
· Rel. 14
· HST-SFN test with the max. Doppler frequency of 875 Hz (corresponding to 350km/h@2.7GHz)
Proposal: For FR1, HST test should be introduced with the maximum Doppler shift of 750 kHz.
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