[bookmark: page1]3GPP TSG-RAN WG4 Meeting #93	                                                                              R4-1913572
Reno, USA, 18th – 22nd Nov, 2019
Agenda item:	9.17.2.2
Source: 		NTT DOCOMO, INC.
Title: 	Views on high-speed train tests for NR
Document for:	Discussion
1. Introduction
At the RAN4 #92bis, we discussed 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 maximum Doppler frequency
In the last RAN4 meeting, we agreed some options about maximum Doppler shift values as follows.
	· Maximum Doppler for 500km/h
· For TDD 30KHz
· For HST single tap, maximum Doppler is 1667Hz 
· For HST-SFN, maximum Doppler is 
· Option 1: 1500Hz  
· Option 2: 1667Hz
· Other values between option 1 and option 2 are not precluded
· For FDD 15KHz
· Single tap HST, maximum Doppler is 
· Option 1: 1250Hz 
· Option 2: 972Hz
· HST-SFN, maximum Doppler is 
· Option 1: 712Hz
· Option 2: 875Hz
· Other values between option 1 and option 2 are not precluded
· If requirements for 350km/h are introduced, smaller Doppler frequency value can be considered
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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. Especially in HST-SFN, when UE passes the midpoint between two RRHs, Doppler shift of the main path instantly switches from negative to positive. Therefore, the maximum Doppler shift that can be compensated in HST-SFN is half of . According to this analysis, Table 1 shows the range of maximum Doppler shift that can be compensated in HST-SFN and Single-tap. 
Table 1: the range of maximum Doppler shift that can be compensated in HST-SFN and Single-tap
	Deployment scenario
	SCS
	Range of maximum Doppler shift that can be compensated

	HST-SFN
	15KHz
	-875Hz ~ +875Hz

	
	30KHz
	-1750Hz ~ +1750Hz

	Single-tap
	15KHz
	-1750Hz ~ +1750Hz

	
	30KHz
	-3500Hz ~ +3500Hz



Therefore, it is possible to have requirements of 1250 Hz (2.7GHz with 500km/h) for FDD band with Single-tap.
Proposal 1: Target Doppler frequency in the Single-tap test as follows. 
· Maximum Doppler for 500km/h
· For FDD 15KHz
· For Single tap HST
· Option 2: 1250Hz

In order to discuss details about the maximum Doppler shift that can be compensated in HST-SFN, we should consider 2 things which are the maximum Doppler spread between two taps and UE oscillator error (±0.1ppm). Firstly, we talk about the maximum Doppler spread between two taps. From the previous contribution [2], maximum Doppler spread between two taps can be presented as 
Maximum Doppler spread between two taps =  ,

where fD,max = CF*v/c, with CF being carrier frequency, v is the UE speed and c is the speed of light. From this equation and agreed value Ds= 700m and Dmin=150m, maximum Doppler spread between two taps is 1.86*fD,max.  

Observation 1: Maximum Doppler spread between two taps is 1.84*fD,max

Next, we talk about the UE oscillator error (±0.1ppm). Considering this error, FTL compensation range with HST-SFN can be presented as 
FTL compensation range =  – 0.1ppm*CF 

Assuming TRS design with 4 symbol separation with SCS=15 KHz, FTL compensation range = 1750Hz - 0.1ppm*CF. 

Observation 2: FTL compensation range with FDD 15 KHz = 1750Hz - 0.1ppm*CF.

From above 2 observations, if 1750Hz - 0.1ppm*CF is larger than 1.84*fD,max, Doppler shift can be compensated. In this point of view, Fig.1 shows this relationship in 500km/h with FDD 15 KHz. 
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Fig 1. The relationship between observation1 and observation 2 (500km/h with FDD 15 KHz)

From Fig.1, for FDD 15 KHz, 1.84 GHz is the maximum carrier frequency, where Doppler shift can be compensated for 500km/h. Considering the UE speed of 500km/h, 1.84 GHz is equivalent to 851 Hz. Similarly, for TDD 30 KHz, 1702 Hz (3.68 GHz with 500km/h) is the maximum carrier frequency that can be compensated. 

Proposal 2: Target Doppler frequency in the HST-SFN test as follows. 
· Maximum Doppler for 500km/h
· For TDD 30KHz
· For HST-SFN, maximum Doppler is   
· Option 2: 1667 Hz
· For FDD 15KHz
· HST-SFN, maximum Doppler is 
· 851 Hz
2.2  Target Speed
In the last RAN4 meeting, we agreed some options about maximum Doppler shift values as follows. 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. 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. Therefore, 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.
Proposal 3: For HST-SFN, target speed is 350 km/h and 500 km/h.
Proposal 4: For HST single tap, target speed is 500 kmh. 

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 Rel.12. Table 2 shows velocity for normal demodulation tests with high Doppler in LTE and Rel.15 NR. 
Table 2: The velocity for normal demodulation tests with high Doppler
	Release
	Propagation condition
	carrier frequency
	velocity

	LTE
	ETU 600Hz
	2.7GHz
	240km/h

	NR
	TDL B100-400Hz
	2.7GHz
	160km/h



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  UE capability signalling for Single-tap
In LTE, we didn’t introduce UE capability signalling for Single-tap environment. From this situation, this signalling should not be introduced for NR, unless there is strong motivation to avoid that. 
Proposal 6: RAN4 should not introduce UE capability signalling for Single-tap.
3. Conclusion
In this contribution, we present our views on HST tests for NR. Observation and proposals are presented as follows.
Proposal 1: Target Doppler frequency in the Single-tap test as follows. 
· Maximum Doppler for 500km/h
· For FDD 15KHz
· For Single tap HST
· Option 2: 1250Hz
Observation 1: maximum Doppler spread between two taps is 1.84*fD,max
Observation 2: FTL compensation range with FDD 15 KHz = 1750 Hz - 0.1ppm*CF
Proposal 2: Target Doppler frequency in the HST-SFN test as follows. 
· Maximum Doppler for 500km/h
· For TDD 30KHz
· For HST-SFN, maximum Doppler is   
· Option 2: 1667 Hz
· For FDD 15KHz
· HST-SFN, maximum Doppler is 
· 851 Hz
Proposal 3: For HST-SFN, target speed is 350 km/h and 500 km/h.
Proposal 4: For HST single tap, target speed is 500 kmh.
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: RAN4 should not introduce UE capability signalling for Single-tap.
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