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Introduction
During the last RAN4 meeting, the general issue for NR FR2 HST were discussion, including the deployment scenarios, channel modelling and the maximum supported speed from both DL and UL perspective. The related agreement was captured in the WF [1].  In order to foliated the feasibility checking of maximum supported speed, the initial simulation assumption was agreed as
	· Numerology considered for maximum supported speed: 
· For FR2 HST evaluations and possible performance requirements definition: 
· Only consider 120 kHz SCS as baseline assumption. 
· FFS the maximum supported speed from DL demodulation perspective: 
· Reference signal(s) to be used for frequency offset tracking: 
· Option-1: TRS (4 symbol interval)
· Option-2: DMRS (1+1+1)
· Option-3: TRS + PT-RS (1 and 2 symbol interval)
· FFS the maximum supported speed from UL demodulation perspective: 
· Reference signal(s) to be used for frequency offset tracking: 
· Option-1: DM-RS (1+1+1) only
· Option-2: PT-RS (1 or 2 or 4) + DMRS
· Option-3: PT-RS (1 or 2 or 4)
· FFS under bi- and uni-directional deployment. 
· FFS the possible higher supported speed for uni-directional deployment.
· FFS Frequency error of +/-0.1ppm should be taken into consideration for both UL and DL.
· RAN4 shall check the maximum supportable speed from demodulation perspective and accordingly the possible enhancement
· Candidate maximum speed values to be evaluated
· 260km/h
· 350km
· Other options if identified




In this contribution, the initial simulation results are provided to analysis the maximum supported speed from the both DL an UL demodulation perspective. 
Simulation Assumption & Common Parameters 
Deployment scenarios
The following agreement and conclusion were made on FR2 HST deployment scenario and related aspects, captured in the approved WF [1]. 
Table 2-1: Deployment scenarios
	Scenario
	Ds (meter)
	Dmin (meter)
	maximum speed(km/h)
	Note

	A
	700
	10
	Option 1: 260km/h
Option 2: 350km/h
	Other options are not precluded if identified

	B
	700
	150
	Option 1: 260km/h
Option 2: 350km/h
	Other options are not precluded if identified



Doppler value based on UE velocity
Based on the WF [1] in the last meeting, two kinds of UE velocity are proposed for the feasibility checking for maximum supportable speed. The maximum Doppler value can be calculated without considering 0.1 ppm CFO as following as, with targeting Carrier Frequency as 28GHz and 30 GHz, respectively.
Table 2-2: Maximimum Doppler value based on UE velocity 
	Velocity 
	Carrier Frequency 
	Maximum Doppler (UL)
	Maximum Doppler(DL)

	260km/h
	28GHz
	13481Hz
	6741 Hz

	350km/h
	28GHz
	18148Hz
	9074Hz

	260km/h
	30GHz
	14444Hz
	7222Hz

	350km/h
	30GHz
	19444Hz
	9722Hz



Maximum supported Doppler values in DL and UL based on RS configuration
As the objective provided in WF [1], the maximum supported Doppler shift for both UL and DL and maximum supported UE speed will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels, while the feasibility of maximum supported speeds of up to a maximum of 350km/h will be investigated as required in WID. 
DL
For DL, both TRS , DMRS and PRRS are considered for frequencyoffset tracking. TRS was introduced and assumed as a baseline resources for frequency offset tracking, we apply the TRS for baseline assumption in FR2 for ananlysis the maximum Doppler capability as follows
Table 2-3: Maximimum Doppler estimation capability based on 120 kHz TRS  assumption
	RS configuration
	Supported Maximum Doppler (DL) 
	Supported Maximum Doppler (DL) with considering 0.1ppm@28GHz
	Supported Maximum Doppler (DL) with considering 0.1ppm@30GHz

	TRS
(4 symbols gap)
	14000Hz
	11200Hz
	11000Hz



Observation 1: It’s feasible to support up to 350km/h with 120kHz TRS configured for frequency offset tracking from DL perspective.
UL
For UL, both DMRS and PTRS are considered for frequency offset tracking. Based on the different configuration for RS (DMRS or PTRS), the maximum Doppler estimation capability can be calculated as follow:
Table 2-4: Maximimum Doppler estimation capability based on different RS configuration  with 120kHz SCS
	RS configuration
	Number of DMRS
(Position)
	PTRS density in time domain
	Supported Maximum Doppler (UL) 
	Supported Maximum Doppler (UL) with considering 0.1ppm@28GHz
	Supported Maximum Doppler (UL) with considering 
0.1ppm@30GHz

	DMRS+PTRS
(Type B with 9 data symbols)
	1
	LPT-RS=1
	56000Hz
	53200Hz
	53000Hz

	
	
	LPT-RS=2
	28000Hz
	25200Hz
	25000Hz

	
	
	LPT-RS=4
	14000Hz
	11200Hz
	11000Hz

	
	2(0,6)
	LPT-RS=1
	56000Hz
	53200Hz
	53000Hz

	
	
	LPT-RS=2
	28000Hz
	25200Hz
	25000Hz

	DMRS only (Type B with 9 data symbols)
	3(0, 3,6)  
	N.A
	18667Hz
	15867Hz
	15667Hz



Based on table, with only DMRS configured, the maximum Doppler value with 3 DMRS symbols can be estimated is 18667Hz. It is not feasible to support 350km/h with targeting 30GHz under this configuration.
Observation 2:  It is not feasible to support maximum 350km/h velocity with targeting 30GHz carrier frequency under only DMRS configuration for UL .  
Observation 3: It’s feasible to support up to 350km/h with combined DMRS + PTRS (120kHz) used for frequency offset tacking for UL.  
Simulation Results
In this section, the initial simulation results are provided for both PUSCH and PDSCH based on different scenarios, RS configuraion and UE velocity.
With different train moving direction related to the served RRH beam direction, it will only impact on the sign of Doppler shift. From the demodulation perspective, there is no different receiver process foreseen. For simplicity, we assume the train moving direction is moving towards served RRH beam direction for simulation.
The conducted simulation based on the proposed channel model signal tap channel mode,  bi-directional and uni-directional proposed in [4] 
PUSCH simulation results
For PUSCH, the channel model with bi- directional and uni- directional are selected for evelation with the following  RS configuraion as 
· 1 DMRS +1 PTRS
· 2 DMRS+ 1PTRS
· 3 DMRS only
Scenario A (Ds = 700m , Dmin = 10m)

Figure 4-1 PUSCH requiremnt with bidirectional and un-directional scenario, 350km/h@30GHz


Figure 4-2 PUSCH requiremnt with bidirectional and un-directional scenario, 260km/h@30GHz


Figure 4-3 PUSCH requiremnt with bidirectional and un-directional scenario, 350km/h@28GHz

Based on above simulation, the following observations can be obtained.
Observation 4: Similar performance can be achieved for both bi-directional and un-directional deployment scenario.
Observation 5:  With 1 DMRS+PTRS (L=1, K=2) configuration, better performance can be achieved in terms of maximum throughput.
Observation 6:  With only DMRS (1+1+1) configuration, the achievable throughput is very lower, it is not feasible to support 350km/h @ 30GHz carrier frequency.
Observation 7: From UL demodulation perspective, it is feasible to support the maximum speed with 350km/h, even with high carrier frequency up to 30GHz with PTRS configured.
Scenario B (Ds = 700m , Dmin = 150m) (to be updated)
PDSCH simulation results
For PUSCH, the channel model with single tap, un-directional DPS and bi-direction DPS channel model are selected for evelation 
Detailed simulation assumption is below:
Table 4-1 performance simulation assumption
	channel profile
	antenna configuration
	layer number
	modulation and code rate scheme (refer to Table 5.1.3.1-1 in [2])
	reference

	Single Tap channel
	1x2
	1
	MCS13,MCS17,MCS19
	Table 5.2.2.2.1-3 in 5.2.2.2.1 in [3]

	Uni-directional DPS Channel
	2x2
	1 or 2
	MCS13,MCS17
	Table 5.2.2.2.10-3 in 5.2.2.2.10 in [3]

	Bi-directional DPS Channel
	2x2
	1 or 2
	MCS13,MCS17
	Table 5.2.2.2.10-3 in 5.2.2.2.10 in [3]



Table 4-2 maximum throughput of simulation cases
	simulate MCS
	maximum throughput(Mbps)

	MCS13 layer1
	86.8864

	MCS17 layer1
	118.054

	MCS19layer1
	138.496

	MCS13 layer2
	173.722

	MCS17 layer2
	236.006



SingleTap Channel Simulation Results

	v = 260km/h
	v = 350km/h
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Figure4-5 single tap channel simulation results
Observation8: For rank1 transmission, it is feasible to support UE speed up to 350km/h with single tap channel
Observation9: For rank1 transmission with 260km/h, the maximum throughput for MCS 17 and MCS19 can be achieved around 10 dB SNR. 
Observation10: For rank1 transmission with 350km/h, the maximum throughput for MCS 13 can be achieved around 4 dB SNR. The maximum throughput for MCS 17 can be achieved around 12 dB SNR.
Uni-directional DPS Channel Simulation Results

	v = 260km/h
	v = 350km/h
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Figure 4-2 Uni-directional DPS simulation results
Observation11:  Similar performance can be archived for scenario A (Dmin=10) and scenario B (Dmin=150) in uni-directional scenario with DPS transmission scheme. 
Observation12: For rank1 transmission, it is feasible to support UE speed up to 350km/h in uni-directional scenario with DPS transmission scheme
Observation13: For rank1 transmission with 260km/h UE speed, the maximum throughput for MCS 17 can be achieved round 10 dB SNR
Observation14: For rank2 transmission with 260km/h UE speed, the maximum throughput of MCS 17 can be achieved around 15 dB
Observation15: For rank1 transmission with 350km/h UE speed, the maximum throughput for MCS 17 can be achieved around 18 dB
Observation16: For rank2 transmission with 350km/h UE speed, the maximum throughput for MCS 17 cannot be achieved, the SNR of 70% maximum throughput is about 12 dB , the maximum throughput of MCS13 can be achieved around 12 dB
Bi-directional DPS Channel Simulation Results

	v = 260km/h
	v = 350km/h
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Figure 4-3 Bi-directional DPS simulation results

Observation17:  Similar performance can be archived for scenario A (Dmin=10) and scenario B (Dmin=150) in bi-directional scenario with DPS transmission scheme. 
Observation18: For rank1 transmission, it is feasible to support UE speed up to 350km/h in bi-directional scenario with DPS transmission scheme
Observation19: For rank1 transmission with 260km/h UE speed, the maximum throughput for MCS 17 can be achieved round 10 dB SNR
Observation20: For rank2 transmission with 260km/h UE speed, the maximum throughput of MCS 17 can be achieved around 12 SNR
Observation21: For rank1 transmission with 350km/h UE speed, the maximum throughput for MCS 17 can be achieved around 19 dB SNR
 Observation22: For rank2 transmission with 350km/h UE speed, the maximum throughput of MCS 17 cannot achieved, the SNR of 70% maximum throughput is about 12 dB, the maximum throughput of MCS13 can be achieved around 12 dB SNR
Conclusion
In this contribution, the initial simulation results for maximum supported speed from UL and DL demodulation perspective were provided. 
First of all, we bring theoretical analysis for supporting maximum velocity based on different RS configuration for frequency offset tracking.
Theoretical analysis for maximum supported velocity with different RS configuration
· Observation 1: It’s feasible to support up to 350km/h with 120kHz TRS configured for frequency offset tracking from DL perspective.
· Observation 2:  It is not feasible to support maximum 350km/h velocity with targeting 30GHz carrier frequency under only DMRS configuration for UL .  
· Observation 3: It’s feasible to support up to 350km/h with combined DMRS + PTRS (120kHz) used for frequency offset tacking for UL.  
Then we bring evaluation results for both uplink and downlink with different channel modelling/deployment scenarios. 
UL performance evaluation
· Observation 4: Similar performance can be achieved for both bi-directional and un-directional deployment scenario.
· Observation 5:  With 1 DMRS+PTRS (L=1, K=2) configuration, better performance can be achieved in terms of maximum throughput.
· Observation 6:  With only DMRS (1+1+1) configuration, the achievable throughput is very lower, it is not feasible to support 350km/h @ 30GHz carrier frequency.
· Observation 7: From UL demodulation perspective, it is feasible to support the maximum speed with 350km/h, even with high carrier frequency up to 30GHz with PTRS configured.

DL demodulation –Single Tap
· Observation 8: For rank1 transmission, it is feasible to support UE speed up to 350km/h with single tap channel
· Observation 9: For rank1 transmission with 260km/h, the maximum throughput for MCS 17 and MCS19 can be achieved around 10 dB SNR. 
· Observation 10: For rank1 transmission with 350km/h, the maximum throughput for MCS 13 can be achieved around 4 dB SNR. The maximum throughput for MCS 17 can be achieved around 12 dB SNR.
DL demodulation - Uni-direction RRH deployment with DPS scheme
· Observation 11:  Similar performance can be archived for scenario A (Dmin=10) and scenario B (Dmin=150) in uni-directional scenario with DPS transmission scheme. 
· Observation 12: For rank1 transmission, it is feasible to support UE speed up to 350km/h in uni-directional scenario with DPS transmission scheme
· Observation 13: For rank1 transmission with 260km/h UE speed, the maximum throughput for MCS 17 can be achieved round 10 dB SNR
· Observation 14: For rank2 transmission with 260km/h UE speed, the maximum throughput of MCS 17 can be achieved around 15 dB
· Observation 15: For rank1 transmission with 350km/h UE speed, the maximum throughput for MCS 17 can be achieved around 18 dB
· Observation 16: For rank2 transmission with 350km/h UE speed, the maximum throughput for MCS 17 cannot be achieved, the SNR of 70% maximum throughput is about 12 dB , the maximum throughput of MCS13 can be achieved around 12 dB
DL demodulation- Bi-direction RRH deployment with DPS scheme
· Observation 17:  Similar performance can be archived for scenario A (Dmin=10) and scenario B (Dmin=150) in bi-directional scenario with DPS transmission scheme. 
· Observation 18: For rank1 transmission, it is feasible to support UE speed up to 350km/h in bi-directional scenario with DPS transmission scheme
· Observation 19: For rank1 transmission with 260km/h UE speed, the maximum throughput for MCS 17 can be achieved round 10 dB SNR
· Observation 20: For rank2 transmission with 260km/h UE speed, the maximum throughput of MCS 17 can be achieved around 12 SNR
· Observation 21: For rank1 transmission with 350km/h UE speed, the maximum throughput for MCS 17 can be achieved around 19 dB SNR
·  Observation 22: For rank2 transmission with 350km/h UE speed, the maximum throughput of MCS 17 cannot achieved, the SNR of 70% maximum throughput is about 12 dB, the maximum throughput of MCS 13 can be achieved around 12 dB SNR
To summary, based on our evaluation results and theoretical analysis over different deployment scenarios for DL and UL, the initial conclusion as following:
Initial conclusion: It’s feasible to support UE velocity up to 350km/h under various deployment scenarios with 120kHz PTRS configured in uplink and 120kHz TRS configured in downlink.
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Appendix
PUSCH simulation assumpion 
Table 7-1: PUSCH simulation assumpion
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	Antenna layout
	1T2R, ULA Low Correlation

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	TBD

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	8 or 9 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	
	Bandwidth
	100 MHz

	Code block group based PUSCH transmission
	Disabled

	PT-RS configuration
	Frequency density (KPT-RS)
	Disabled, or KPT-RS=2 if PT-RS is enabled

	
	Time density (LPT-RS)
	Disabled, or LPT-RS = 1 or 2 or 4 if PT-RS is enabled 

	MCS
	MCS16

	Propagation channel
	Uni-directional: Derived based on agreed deployment scenario.
Bi-directional: Single-Tap channel in TS38.104 but updated parameters


PDSCH simulation assumpion
Table 7-2:  PDSCH simulation assumpion 
	Parameter
	Unit
	Value

	CBW and SCS
	 
	120kHz, 100MHz (66PRB)

	Duplex mode
	 
	TDD

	TDD pattern
	 
	3D1S1U (FR2.120-1)
  S=10D:2G:2U

	Active DL BWP index
	 
	1

	CSI-RS for tracking
	First OFDM symbol in the PRB used for CSI-RS (l0)
	 
	6 for CSI-RS resource 1 and 3   
10 for CSI-RS resource 2 and 4 

	
	CSI-RS offset
	Slots
	1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4

	
	CSI-RS periodicity
	Slots
	80 (10ms)

	PDCCH configuration
	Number of PDCCH candidates and aggregation levels
	 
	 
1/AL8

	PDSCH configuration
	Mapping type
	 
	Type A

	
	k0
	 
	0

	
	Starting symbol (S) 
	 
	1

	
	Length (L)
	 
	13

	
	PDSCH aggregation factor
	 
	1

	
	PRB bundling type
	 
	Static

	
	PRB bundling size
	 
	2

	
	Resource allocation type
	 
	Type 0

	
	RBG size
	 
	Config2

	
	VRB-to-PRB mapping type
	 
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	 
	N/A

	PDSCH DMRS configuration
	DMRS Type
	 
	Type 1

	
	Number of additional DMRS
	 
	Option 1: 1
Option 2: 2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	 
	1

	Propagation channel
	 
	Uni-directional: Derived based on agreed deployment scenario.
Bi-directional: Single-Tap channel in TS38.101-4 B.3 but updated parameters.

	Antenna configuration
	 
	2x2 ULA Low Correlation

	Number of MIMO layers
	 
	1

	MCS
	 
	Option 1: 16QAM 0.5 (MCS 13 with Table 1)
Other options are not excluded
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