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1. Introduction
At the RAN4 #92, we started UE demodulation discussion on Rel.16 NR HST test and agreed a WF [1]. This contribution presents our views on HST tests for NR downlink. 
2. Discussion 
2.1 Target Speed, Ds and Dmin
In Japan, HST is very common as a long-range transportation system and used by more than 350 million people per year. Its maximum operation speed can reach up to 320 km/h. In addition, maglev is under construction targeting commercial launch in mid-2020s, where the maximum operation speed can reach up to 500 km/h. This kind of high-speed transportation systems are currently also very common all around the world, e.g., China, Europe, Korea, etc., and it is very important to make cellular coverage for the passengers in the high-speed trains, especially for FR1. With this condition, Rel.15 HST requirements should be enhanced to guarantee performance with more than 300km/h. In the Rel. 16 standardization, we think it is necessary to introduce HST test cases with up to 500 km/h. If we only introduce the test cases with 500 km/h, it is not possible to optimize performance for legacy HSTs with the speed such as 320 or 350 km/h. In this sense, we think it is important to have HST test not only for 500 km/h but also for 350 km/h. On the other hand, for HST single tap, we introduced tests for 300km/h in Rel. 15. Thus, it might be possible to avoid introducing 350 km/h. 
In Japan, maglev is planned to be deployed inside tunnels with more than 80%. Thus, it is preferred to apply smaller number for Dmin such as 2m. It is also beneficial to emulate quick variation of the Doppler shift that happens when UE passes in front of TRP (as in Fig. B.3.1-1 in TS38.101-4). In other words, if Dmin is not small enough, Doppler shift trajectory becomes slow, where UE easily tracks the variation.
Proposal 1: For HST-SFN, target speed is 350 km/h and 500 km/h.
Proposal 2: For HST single tap, target speed is 500 kmh. 
Proposal 3: For HST-SFN and HST single-tap, Ds = 300m and Dmin = 2m.
2.2 Target maximum Doppler frequency 
In the last RAN4 meeting, we agreed some options about maximum Doppler shift values as follows. 
	· Maximum Doppler 
· For TDD 30KHz
· For HST single tap, maximum Doppler 1667Hz is feasible.
· For HST-SFN, further study the maximum Doppler frequency:
· Target speed of 500km/h
· Option 1: 1667Hz 
· Option 2: 1500Hz  
· Target speed of 350km/h
· 1167Hz 
· For FDD 15KHz
· Single tap HST
· Option 1: 1000Hz
· Option 2: 1250Hz
· HST-SFN
· Target speed of 500km/h
· Option 1: 1667Hz
· Option 2: 1250Hz
· Option 3: 875Hz 
· Option 4: 972Hz
· Option 5: 780Hz
· Target speed of 350km/h
· Option 1: 875Hz
· Option 2: 780Hz
Note: for HST-SFN, other options are not precluded



Theoretically, maximum Doppler shift that can be compensated at receiver side can be presented as

where ∆t is the minimum time interval between two RS symbols that is used for frequency tracking. From this equation, maximum Doppler shift can be compensated up to +/-3500 Hz for 30 kHz SCS and +/-1750 Hz for 15 kHz SCS and assuming TRS design with 4 symbol separation. Therefore, it is possible to have requirements of 1667Hz (3.6 GHz with 500km/h) and 1250 Hz (2.7GHz with 500km/h) for FDD and TDD band, respectively.
Observation 1: Maximum Doppler shift that can be compensated with TRS is +/-3500 Hz for 30 kHz SCS and +/-1750 Hz for 15 kHz SCS.
Proposal 4: Target Doppler frequency in the test is as follows. 
· For TDD 30KHz
· For HST-SFN, 
· Target speed of 500km/h
· Option 1: 1667Hz 
· For FDD 15KHz
· For Single tap HST
· Option 2: 1250Hz
· HST-SFN
· Target speed of 500km/h
· Option 2: 1250Hz
· Target speed of 350km/h
· Option 1: 875Hz

2.3 High Doppler test with multipath fading channel
In the test cases of HST single tap and HST-SFN, we can guarantee the tolerance to the quick variation of Doppler shift and largely separated positive and negative Doppler shifts, respectively. However, it is designed with AWGN channel model and not possible to perform test with fading channel condition. From this perspective, we introduced ETU-600 tests in LTE. In order to achieve similar performance level to LTE, we need to introduce multipath fading test with the Doppler frequency of 600Hz for NR FDD. For TDD, in order to achieve same effective Doppler frequency for 30 kHz SCS, 1200 Hz should be used in the test.  
Proposal 5:  Introduce normal demodulation tests with TDL channel model with following Doppler frequency.  
· FDD: at least 600 Hz Doppler frequency test with SCS = 15KHz 
· TDD: at least 1200 Hz Doppler frequency test with SCS = 30KHz 

2.4 Simulation parameters on DMRS and Rank 
Table 1 shows the UE feature on the number of DMRS and rank [3]. From the table, if we introduce HST tests using “rank 1 with 3 additional DM-RS” or “rank 2 with 2 or 3 additional DMRS”, the tests can be skipped according to UE capability. Thus, we would like to avoid using these combination as much as possible. Regarding the rank, it is important for operator to guarantee basic coverage for HST scenarios. Thus, we prefer to have rank 1 in the test.

Table 1: UE feature on the number of DMRS and rank
	DMRS
	1 FL + 0 additional
	1 FL + 1 additional
	1 FL + 2 additional
	1 FL + 3 additional

	Rank 1
	Mandatory without capability
	Mandatory without capability
	Mandatory without capability
	Optional with capability

	Rank 2
	Mandatory without capability
	Mandatory without capability
	Mandatory with capability
	Optional with capability



Proposal 6: Select the simulation parameters for requirement as rank 1 and up to 2 additional DMRS. 
2.5 Network signalling for HST-SFN 
In LTE, we introduced two signalling for HST-SFN that is UE capability signalling and NW signalling to indicate HST-SFN environment. It should be also introduced for NR, unless there is strong motivation to avoid that. 
Proposal 7: Introduce UE capability and NW signalling for HST-SFN as for LTE.
3. Conclusion
In this contribution, we present our views on HST tests for NR. Observation and proposals are presented as follows.
Proposal 1: For HST-SFN, target speed is 350 km/h and 500 km/h.
Proposal 2: For HST single tap, target speed is 500 kmh. 
Proposal 3: For HST-SFN and HST single-tap, Ds = 300m and Dmin = 2m.
Observation 1: Maximum Doppler shift that can be compensated with TRS is +/-3500 Hz for 30 kHz SCS and +/-1750 Hz for 15 kHz SCS.
Proposal 4: Target Doppler frequency in the test is as follows. 
· For TDD 30KHz
· For HST-SFN, 
· Target speed of 500km/h
· Option 1: 1667Hz 
· For FDD 15KHz
· For Single tap HST
· Option 2: 1250Hz
· HST-SFN
· Target speed of 500km/h
· Option 2: 1250Hz
· Target speed of 350km/h
· Option 1: 875Hz
Proposal 5:  Introduce normal demodulation tests with TDL channel model with following Doppler frequency.  
· FDD: at least 600 Hz Doppler frequency test with SCS = 15KHz 
· TDD: at least 1200 Hz Doppler frequency test with SCS = 30KHz 
Proposal 6: Select the simulation parameters for requirement as rank 1 and up to 2 additional DMRS.
Proposal 7: Introduce UE capability and NW signalling for HST-SFN as for LTE.
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