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1. [bookmark: _Ref20643280]Introduction
In the previous RAN4 meeting, it has been agreed to configure the number of DM-RS symbols = 3 for setting the requirements for both HST at 350 km/h and 500 km/h scenarios. However, the maximum frequency offsets to be used in the requirements for 500 km/h scenarios remain inconclusive with the open options for SCS = 15 kHz given as [1]:
· Single tap HST 500km/h for SCS = 15 kHz
· Maximum frequency offset 
· Option 1: 1944Hz
· Option 2: 1750Hz
· Carrier frequency
· [2.1 GHz or 1.9 GHz]
In this contribution, we present our view on the maximum frequency offset for HST at 500 km/h for SCS = 15 kHz deployments.

2. [bookmark: _Ref6404628]Discussion
In the previous RAN4#92-bis meeting it was agreed that the dmrs-AdditionalPostion = 2 would be used for setting the requirements for both 350 km/h and 500 km/h for the SCS = 15 kHz HST deployment.
Theoretically, the maximum frequency offset at the BS for a UE travelling at a certain speed can be expressed as .
At 500 km/h, it can be expected that fd = 1944 Hz when  GHz, and fd = 1760 Hz when fc = 1.9 GHz.
It was further agreed that no advanced algorithm would be considered. Then the range of frequency offsets that could be resolved unambiguously with various number of DM-RS symbols with PUSCH mapping type A are given in Table 1.
[bookmark: _Ref23738269]Table 1. Unambiguous frequency offset range resolvable with various number of DM-RS symbols with basic FOE algorithms.
	SCS
	foffset_est

	
	PUSCH mapping type A

	
	dmrs-AdditionalPosition

	
	1
	2
	3

	15 kHz
	(-875, …, 875)
	(-1750, …, 1750)
	(-2333, …, 2333)

	30 kHz
	(-1750, …, 1750)
	(-3500, …, 3500)
	(-4667, …, 4667)



Observation 1: With dmrs-AdditonalPosition = 2, theoretically, it would not be able to resolve fd = 1944 Hz unambiguously without advanced algorithms.
In Figure 1, we further demonstrate PUSCH performance under HST tunnel and open space scenarios at fd = 1944 Hz and at fd = 1750 Hz based on the simulation assumptions agreed in [1]. From Table 1, it indicates that it is theoretically possible to resolve  < 1750 Hz unambiguously with dmrs-AdditonalPosition = 2 and the performance under the open space scenario agree with the theoretical result. Note that the maximum frequency offset experienced by the UE in the open space condition = cos(atan (150/350)) x 1750  1609 Hz which is within the unambiguous range as indicated in Table 1 and thus satisfactory performance could be achieved.
However, in the tunnel scenario, the maximum frequency offset experienced by the UE condition = cos(atan (2/150)) x 1750  1750 Hz. This is basically at the boundary where frequency offset already could not be estimated unambiguously as a basic FOE algorithms would not be able to determine whether the estimated offset fd = 1750 Hz is caused by phase rotated by  or  since it is the same point (i.e. there are 360o in a circle) when it is viewed in a phase plane. 
In the tunnel scenario, the UE is constantly experiencing +1750 Hz and -1750Hz frequency offsets (i.e.  and  phase rotation). This undesirable channel condition makes it difficult for FOE to determine whether the signal received from the UE is experiencing the maximum frequency offset or the minimum frequency offset and thus results in unstable estimations.
Observation 2: Performance degraded significantly at fd = 1750 Hz under the tunnel scenario.
Observation 3: Marginal performance loss at fd = 1745 Hz and fc = 1.9 GHz at both MCS2 and MCS16.
[image: ] [image: ]
[bookmark: _Ref23741111]Figure 1. PUSCH performance in HST tunnel and open space scenarios at SCS = 15 kHz.
As no advanced algorithms have been agreed in the past RAN4 meetings, in order to settle the requirements for 500 km/h with the current agreement, we propose:
Proposal 1: Set the maximum frequency offset at fd = 1740 Hz and fc = 1.9 GHz for  = 500 km/h and SCS = 15 kHz in order to achieve stable and satisfactory performance.
Observation 4: It should be noted that with fd = 1740 Hz , it would only partially cover the frequency band n39 and not cover n1. Thus in deciding 1740Hz, bands n1 and n39 are excluded from the 500km/h performance requirements. In order to achieve  = 500 km/h in the frequency bands n1 and n39, with (1+1+1) DM-RS symbols, advanced algorithms would need to be considered.
Table 2. NR operating bands in FR1.
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
BS transmit / UE receive
FDL,low   –  FDL,high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD




3. Conclusion
In this contribution, we presented our views on maximum frequency offset at 500 km/h for SCS = 15 kHz deployment:
Observation 1: With dmrs-AdditonalPosition = 2, theoretically, it would not be able to resolve fd = 1944 Hz unambiguously without advanced algorithms.
Observation 2: Performance degraded significantly at fd = 1750 Hz under the tunnel scenario.
Observation 3: Marginal performance loss at fd = 1745 Hz and fc = 1.9 GHz at both MCS2 and MCS16.
Proposal 1: Set the maximum frequency offset at fd = 1740 Hz and fc = 1.9 GHz for  = 500 km/h and SCS = 15 kHz in order to achieve satisfactory performance.
[bookmark: _GoBack]Observation 4: It should be noted that with fd = 1740 Hz , it would only partially cover the frequency band n39 and not cover n1. Thus, in deciding 1740Hz, bands n1 and n39 are excluded from the 500km/h performance requirements. In order to achieve  = 500 km/h in the frequency bands n1 and n39, with (1+1+1) DM-RS symbols, advanced algorithms would need to be considered.
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