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1. [bookmark: _Ref20643280]Introduction
During RAN4#92 meeting, consensus on maximum Doppler shifts at 500 km/h could not be reached [1] and several options remain open:
· Single tap HST 500km/h 
· 15kHz SCS: 
· Option 1: 1944Hz
· Option 2: 1500Hz
· Option 3: 1400Hz
· Option 4: 1250Hz
· 30kHz SCS:  
· Option 1: 3334Hz
· Option 2: 2600Hz
· Option 3: 3000Hz
· Option 4: 2300Hz

In this contribution, we present out view on the requirement for maximum Doppler shifts at 500 km/h.

2. [bookmark: _Ref6404628]Discussion
[bookmark: _Ref20908082]Table 1. Single tap channel models [1].
	Parameter
	Value

	
	Tunnel channel model
	Open space option 1
	Open space option 2

	Ds
	300 m
	1000 m
	700 m

	Dmin
	2 m
	50 m
	150 m

	v
	350 km/h, and
500 km/h FFS

	fc
	15 kHz SCS: 2.1 GHz
30 kHz SCS: 3.6 GHz

	fd
	15 kHz SCS: max expected ideal Doppler shift (at v = 500 km/h)?
30 kHz SCS: max expected ideal Doppler shift (at v = 500 km/h)?



Currently, three channel models shown in Table 1 are still under discussion. However, there are no difference in how BS should start frequency offset estimations and performing compensation between different channel models defined in Table 1. But, the choice of channel models would set the lower bound on the maximum Doppler shifts required to be measured at particular HST speed.
Among the channel models given in Table 1, tunnel scenario has the largest Dmin / Ds ratio and BS is expected to experience largest Doppler shift with this deployment.
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[bookmark: _Ref20911188]Figure 1. HST deployment.

Assuming, idealistically, BS would only start frequency offset estimation when the signal is strongest at respective RRU when UE enters the midpoint between 2 RRUs as shown in Figure 1. Then, from signal tap channel model defined in 36.104 [2], this would set the lower bound on the maximum frequency offset estimation to:
, 
With tunnel channel model, for the idealistic condition stated above. Then the lower bound for the maximum Doppler shift would become:
 for ν = 500 km/h and fc = 3.6 GHz, and
 for ν = 500 km/h and fc = 2.1 GHz.
However, in reality, there is an impairment contributed by oscillator residual error which is about 0.1 ppm. This would lead to the requirement for the maximum Doppler shift of:
 for ν = 500 km/h and fc = 3.6 GHz, and
 for ν = 500 km/h and fc = 2.1 GHz
Proposal 1: As tunnel deployment is a realistic scenario, in our view, the maximum Doppler shifts to be defined for 500 km/h should be set to 3334 Hz for fc = 3.6 GHz and 1944 Hz for fc = 2.1 GHz when oscillator residual error is not considered.
Proposal 2: Consider oscillator residual error (i.e. 0.1 ppm of the carrier frequency) margin in the maximum frequency offsets.
In Figure 2, we illustrate the feasibility of the demodulation performance with the proposed maximum frequency offsets (including oscillator residual error).
Observation 1: With MCS = 16, the performance is stable, and the requirement is feasible with single-tap channel model at maximum frequency offsets = 3694 Hz for SCS = 30 kHz and at maximum frequency offsets = 2154 Hz for SCS = 15 kHz.
[image: ]
[bookmark: _Ref20995274]Figure 2. PUSCH demodulation performance at fc = 2.1 GHz with fd = 1944 + fosc_error and fc = 3.6 GHz with fd = 3334 + fosc_error in the signal-tap HST tunnerl scenario.

3. Conclusion
In this contribution, we presented our view on the maximum Doppler shifts necessary for HST scenario for 500 km/h and our proposal is provided:
Proposal 1: As tunnel deployment is a realistic scenario, in our view, the maximum Doppler shifts to be defined for 500 km/h should be set to 3334 Hz for fc = 3.6 GHz and 1944 Hz for fc = 2.1 GHz when oscillator residual error is not considered.
Proposal 2: Consider oscillator residual error (i.e. 0.1 ppm of the carrier frequency) margin in the maximum frequency offsets.
In Figure 2, we illustrate the feasibility of the demodulation performance with the proposed maximum frequency offsets (including oscillator residual error).
Observation 1: With MCS = 16, the performance is stable, and the requirement is feasible with single-tap channel model at maximum frequency offsets = 3694 Hz for SCS = 30 kHz and at maximum frequency offsets = 2154 Hz for SCS = 15 kHz.

4. References
[bookmark: _Ref20311359][bookmark: _Ref3979449][bookmark: _Ref6402216][bookmark: _Ref6397073][bookmark: _Ref11763870]R4-1910126, Way forward on NR HST BS demodulation requirements, Huawei, HiSilicon.
[bookmark: _Ref20910826]TS 36.104, V15.2.0.
3GPP
image1.emf
1 2 3 4 5 6 7 8 9 10 11 12

SNR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

a

l

i

z

e

d

 

T

P

HST tunnel scenario: v = 500 km/h, MCS = 16
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