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Introduction
One of the first objectives of the FR2 HST WI is to establish what speed can be supported for FR2 in relevant layouts. Following this, requirements will be derived. In this contribution, we discuss the speed supportable from BS demodulation point of view.
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To determine the maximum supportable speed, it is necessary to consider demodulation perspective in the context of a reference layout. Two aspects should be considered; the ability to resolve the Doppler shift and the performance itself.
In regard to the ability to resolve the Doppler shift, Table 1 (taking into account 0.1 ppm frequency drift) shows the speeds corresponding to the maximum resolvable Doppler at 28GHz and 30GHz with different reference signal (i.e. DM-RS or PT-RS) separation distance in time domain for a BS. In calculating the speeds in the table, the worst case is assumed in which the Doppler reverses when the UE passes the midpoint between 2 BS’ in a bi-directional configuration or when the UE passes a BS in a unidirectional deployment. 
As shown in Table 1, in general, resolving Doppler should not be an issue for supporting speeds up to 250 km/h in FR2 with single-symbol DM-RS based frequency offset estimation (FOE). For higher speed support, double-symbol DM-RS based or PT-RS based FOE would be necessary if advanced algorithm is not considered. However, double-symbol DM-RS transmissions are typically used for MU-MIMO support and due to the presence of phase noise in FR2, double-symbol DM-RS configuration is not generally used in FR2. Furthermore, as the BS deployed in FR2 HST may not be a dedicated BS, it is thus not preferrable to consider double-symbol DM-RS based FOE for FR2 HST.
It shall be noted that considering the deployment scenarios and beamforming in FR2, it may not be necessary to detect a Doppler reversal, in which case the supportable Doppler and speed in the table can be increased by a factor of 2. Thus, to reduce the overhead needed for DM-RS or PT-RS, it may be preferable to find other means to avoid the need to detect Doppler reversal.


Table 1: Supportable speeds considering Doppler resolution (@28GHz and @30GHz with SCS = 120 kHz assuming Doppler reversal and 0.1ppm frequency error)
	Minimum distance between reference signals in time domain 
	1 symbol
(FOE based on double-symbol DM-RS or PT-RS with time density LPT-RS = 1)
	2 symbols
(FOE based on PT-RS with time density LPT-RS = 2)
	3 symbols
(FOE based on single-symbol DM-RS with 2 or 3 additional DM-RS symbols)
	4 symbols
(FOE based on single-symbol DM-RS with 1, 2 or 3 additional DM-RS symbols, or PT-RS with time density LPT-RS = 4)

	Carrier frequency
	@28 GHz
	@30 GHz
	@28 GHz
	@30 GHz
	@28 GHz
	@30 GHz
	@28 GHz
	@30 GHz

	Maximum Doppler kHz*
	53200
	53000
	25200
	25000
	15867
	15667
	11200
	11000

	Maximum speed (UE) km/h
	2052
	1908
	972
	900
	612
	564
	432
	396

	Maximum speed (BS) km/h
	1026
	954
	486
	450
	306
	282
	216
	198

	*It shall be noted that the relative maximum Doppler shift experienced at the receiver would be deployment (i.e. Ds and Dmin) dependent.



Observation 1: Double-symbol DM-RS configuration is typically for MU-MIMO scenario and due to the presence of phase-noise, such configuration is generally not preferrable for FR2 BS.
Observation 2: Taking frequency drift into consideration, under worst-case scenarios where Doppler reversal is expected, frequency offset estimation (FOE) based on PT-RS may be necessary for HST travelling faster than 250 km/h.
In RAN4#98e [1], two deployment scenarios as show in Table 2 were agreed.
Table 2: FR2 HST deployment scenarios.
	Parameter
	Scenario A
	Scenario B

	Ds
	700
	700

	Dmin
	10
	150



For Scenario A, it was further agreed that single-tap channel model can be assumed for a single Tx-Rx link. Assuming the worst case scenario where Doppler reversals are expected, our results in Figure 1 showed the channel condition can be properly estimated based on (1+0) DM-RS symbol and acceptable demodulation performance can be achieved under FR2 HST single-tap channel condition with DM-RS based or PT-RS based FOE. Taking overhead into consideration, it is preferrable to consider PT-RS based FOE for single-tap channel condition. Furthermore, as the overhead for PT-RS is relatively low even with highest PT-RS density (i.e. LPT-RS = 1), in our view, regardless of eventual agreed speed, it would be beneficial to consider LPT-RS = 1 for single-tap channels to ensure better statistics in deriving FOE.





Figure 1. PUSCH performance under signal-tap channel condition.
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For Scenario B, as the layout of the BS’ are further away from the track, fading may be experienced at the receiver. However, it is unclear whether such deployment would be a typical urban or rural scenario and is difficult to judge how much fading can be expected. For this reason, we evaluated the demodulation performance under a few fading conditions with different Doppler spread. The initial simulation results are depicted in Figure 2 where it shows that when substantial Doppler spread (e.g. Doppler spread = 2500 Hz) can be expected, additional DM-RS symbols are required to improve channel estimation. As shown in Figure 1, satisfactory FOE can be achieved (provided the minimum separation distance between the reference signals meet the Doppler estimation requirements) by PT-RS or DM-RS alone. Improved FOE based on DM-RS and PT-RS is not necessary and should be avoided to prevent unnecessary implementation complexity. Thus, in our view, if substantial fading is expected, DM-RS based FOE is more preferrable.
In our results below, we also showed that if very high Doppler spread is expected (based on the same considerations as for FR1 HST), satisfactory results could not be achieved even with (1+1+1) DM-RS symbols. Nevertheless, due to beamforming characteristics in FR2, we do not see such high fading would be realistic for any of FR2 HST scenarios and single tap fading is more appropriate. If at all fading should be considered, channels with a low amount of multipaths such as TDL-A with delay spread and 30 ns and Doppler spread = 75 could be considered [2]. In this scenario, as shown in Figure 2, channel estimation based on (1+0) DM-RS symbol is sufficient.
Proposal 1: For single-tap channel model, PT-RS (with time density LPT-RS = 1) based FOE and (1+0) DM-RS symbol for channel estimation can be considered.
Proposal 2: In case fading shall be considered, a low Doppler spread is most realistic (e.g. TDLA30-75). PT-RS (with time density LPT-RS = 1) based FOE and (1+0) DM-RS symbol for channel estimation can still be considered for low Doppler spread.
Proposal 3: We think that the single tap channel model is sufficient and there is no real need to include TDLA30-75 (or any other fading channel) in addition.
Proposal 4: If substantial fading would be expected for scenario B, more DM-RS would be required for channel estimation and DM-RS based FOE shall be considered. Potentially, a lower speed may need to be considered.


Figure 2. PUSCH performance under fading condition.
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For PRACH demodulation, based on the design principle of short formats, it is believed that in FR2 these formats can handle the highest (potential) UE travelling speed discussed in the previous meetings, i.e., 350km/h. Let us consider when carrier frequency is at 30GHz and UE velocity is 350km/h. The Doppler BS will have to deal with is approximately 19.44kHz (≈20kHz), which is around 1/3 or 1/6 of the SCS when SCS=60kHz or 120kHz, respectively. Even if the frequency offset at the transmitter side is taken into account, the total frequency offset will not surpass 25kHz (<30kHz=1/2*60kHz=1/4*120kHz) and hence is within the capability of short PRACH formats.
The aforementioned analysis would be better backed with simulation results. Note that assuming stricter channel condition or higher speed than allowed in PUSCH analysis will not provide any extra gain to the system, (instead, reasonable requirements will be unnecessarily harsh). Hence, reusing the same max UE speed in PUSCH would be preferred.
Proposal 5: Check the PRACH demod performance with simulation with the following setup.
· UE speed: same as PUSCH uses;
· Carrier frequency: 28GHz and/or 30GHz;
· Channel: AWGN, and/or TDL-A (if needed);
· Format: A2, A3, B4, C2;
· SCS: 120kHz;
· Antenna: 1T2R;
· Ncs: 0;
· Test metric: missed detection rate = 1% while false alarm rate = 0.1%.
Conclusion
In this contribution, we reviewed FR2 HST from BS demodulation point of view. The following observations and proposals are made:
Observation 1: Double-symbol DM-RS configuration is typically for MU-MIMO scenario and due to the presence of phase-noise, such configuration is generally not preferrable for FR2 BS.
Observation 2: Taking frequency drift into consideration, under worst-case scenarios where Doppler reversal is expected, frequency offset estimation (FOE) based on PT-RS may be necessary for HST travelling faster than 250 km/h.
Proposal 1: For single-tap channel model, PT-RS (with time density LPT-RS = 1) based FOE and (1+0) DM-RS symbol for channel estimation can be considered.
Proposal 2: In case fading shall be considered, a low Doppler spread is most realistic (e.g. TDLA30-75). PT-RS (with time density LPT-RS = 1) based FOE and (1+0) DM-RS symbol for channel estimation can still be considered for low Doppler spread.
Proposal 3: We think that the single tap channel model is sufficient and there is no real need to include TDLA30-75 (or any other fading channel) in addition.
Proposal 4: If substantial fading would be expected for scenario B, more DM-RS would be required for channel estimation and DM-RS based FOE shall be considered. Potentially, a lower speed may need to be considered.
Proposal 5: Check the PRACH demod performance with simulation with the following setup.
· UE speed: same as PUSCH uses;
· Carrier frequency: 28GHz and/or 30GHz;
· Channel: AWGN, and/or TDL-A (if needed);
· Format: A2, A3, B4, C2;
· SCS: 120kHz;
· Antenna: 1T2R;
· Ncs: 0;
· Test metric: missed detection rate = 1% while false alarm rate = 0.1%.
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FR2 single tap HST: 3 DMRS symbols, 8 PUSCH symbols
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FR2 single tap HST: PT-RS based FOE with 8 PUSCH symbols
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TDL-A with delay spread = 30 ns: DMRS based FOE
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TDL-A with delay spread = 30 ns: 

PTRS based FOE and (1+0) DMRS symbol
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