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1   Background
In RAN#89-e, new WI about NR support for high speed train scenario in FR2 [1] is approved. As per the TU allocation, related high speed train deployment scenario in FR2 is scheduled to discuss from this RAN4 meeting:
	· Investigate and specify the following scenarios 

· NR SA single carrier scenario in FR2

· Focused on train roof-mounted high-power devices 

· Single panel, i.e. only one active antenna panel at a time, as baseline antenna assumption 

· The target applicable frequency is up to 30GHz. The candidate frequency bands including band n261, n257 and n258. Target deployment scenario is multi-RRHs share the same cell-ID, the detailed parameters will be investigated and decided in initial phase of WI:

· Number of RRHs per cell

· The distance between adjacent RRHs

· The distance between RRHs and railway track

· The number of SSB per RRH 

· Further study the channel model for FR2 HST

· HST single Tap channel and uni/bi-directional SFN channel shall be studied 

· Other channel model is not precluded 

· Note: whether to introduce single tap channel model and/or SFN channel model will be decided based on further study of channel model for FR2 HST

· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels.

· The feasibility of supporting speeds of up to a maximum of 350km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.


In this contribution, we share our initial views on HST deployment scenario in FR2.

2   Discussion

As per the approved WID [1], single panel is assumed as baseline antenna, target deployment scenario is multi-RRHs share the same cell-ID, based on these, we think that DPS transmission scheme for PDSCH reception discussed in FR1 HST can be considered as candidate channel model for FR2.
Parameters:

Number of RRHs per cell: It is related to specific deployment scenario, such as the target velocity, coverage and reference signal overhead for PDSCH scheduling.
Number of SSB: One SSB is assumed for FR1 HST SFN and multi-TRP transmission in eMIMO WI considering UE need to keep synchronization with network by SSB measurement to ensure smaller timing offset between different TRPs. For FR2, maybe more than 1 SSB is needed to ensure the coverage, but too many SSBs from one RRH will results in long beam management, considering the high Doppler shift under HST, the balance between coverage and the time for beam management under high Doppler shift needs to be considered. The specific number of SSB needs to be investigated by considering the whole deployment including the channel model, carrier frequency, velocity and physical layer design limitation. The beam width for correct reference signal and PDSCH reception.
The distance between adjacent RRHs (Ds) and distance between RRHs and railway track (Dmin): Ds and Dmin values also need to consider velocity, Doppler shift decided by velocity, carrier frequency and physical channel design, the length of train, the TRP height, the transmit power and antenna gain and the deployment cost, comprehensive link budget evaluations need to be conducted to decide the specific Ds and Dmin values, but the Ds and Dmin value discussed by RAN1 for FR2 HST enhancement in Rel-17 NR FeMIMO WI can be used as starting point for RAN4 further evaluations: 
Option 1: Alt 2-1: Ds=700m, Dmin=150m, TRP height 35m

Option 2: Alt 2-3: Ds=200-300m, Dmin=30-50m, TRP height 20m

Option 3: Alt 2-4: Ds=580m, Dmin=5m, TRP height 5m for tunnel

UE height: 4.5m

Proposal 1: Comprehensive link budget evaluations are needed to decide the detailed parameters of the number of RRHs per cell, the number of SSB, Ds and Dmin values
Channel model:
HST single tap: based on the FR1 HST discussion, and frequent handover by considering the limited FR2 coverage, we think that it is only applicable for UL.

Uni-directional SFN: when UE is switching from the coverage of one TRP to another, certain measurements are needed to ensure the suitable switching point, but high probability of TRP switching failure will occur for uni-directional SFN, we do not think that it is suitable for FR2 HST deployment.

Bi-directional SFN: Based on the discussion during FR1 HST to ensure consecutive PDSCH reception, although one Rx beam is assumed, considering the Rx beam angle, the PDSCH reception from two Tx beam maybe possible if 2 SSBs is assumed, but to ensure the correct PDSCH reception, narrow beam for PDSCH reception should be considered as much as possible.

Proposal 2: Bi-directional SFN channel model should be considered for FR2 HST

Maximum Doppler frequency:

As per the WID [1], maximum Doppler frequency will be investigated based on the operating frequency up to 30GHz, velocity 350km/h and the Rel-15/16 NR design limitation for all UL/DL physical channels, such as DM-RS Type 1 with single-symbol front-loaded DM-RS, TRS interval is 4 symbols for DM-RS configuration 1+1+1, TRS interval is 3 for DM-RS configuration 1+1+1+1:
The maximum Doppler for Fc=30GHz and velocity 350km/h is 9.7 kHz.
PDSCH:
	Parameters
	SCS
	TRS interval (symbol)
	Max Doppler shift
	Velocity

	Values
	120kHz
	4
	14kHz
	504km/h


PUSCH:

	DM-RS configuration
	SCS
	TRS interval (symbol)
	Max Doppler shift
	Velocity

	1+1+1
	120kHz
	4
	14kHz
	252km/h

	1+1+1+1
	120kHz
	3
	18.7kHz
	335km/h


Observation 1: for UL DM-RS 1+1+1: consider both UL and DL together and the UL limitation: the supported max velocity = 252km/h with DL fd = 7kHz and UL fd = 14kH with assumption of no positive to negative Doppler jump
Observation 2: for UL DM-RS 1+1+1+1: consider both UL and DL together and the UL limitation: v = 335km/h with DL fd = 9.3kHz and UL fd = 18.7kH with assumption of no positive to negative Doppler jump.
As per Table 5.2-1 in TS 38.101-2, following NR FR2 operating bands are defined with the candidate bands highlighted in yellow:

Table 5.2-1: NR operating bands in FR2

	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –   FUL_high
	FDL_low   –   FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n259
	39500 MHz
	–
	43500 MHz
	39500 MHz
	–
	43500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD


As per the yellow highlighted band n257, n258 and n261, we think that it is more reasonable to assume the carrier frequency 28GHz instead of 30GHz to support maximum velocity of 350km/h with DM-RS configuration 1+1+1+1. Considering the high DM-RS overhead for configuration 1+1+1+1, maybe DM-RS configuration 1+1+1 is more typically used in real deployment, but in such case, maximum velocity of 252km/h can be supported by assuming carrier frequency 30GHz. Maximum velocity of 270km/h can be supported for carrier frequency 28GHz.
For PRACH with 120kHz SCS, the supported velocity and max Doppler shift is not bottleneck.
Observation 3: No limitation for PRACH to support 350km/h velocity with carrier frequency 30GHz, i.e. max Doppler shift 9.7kHz for FR2 HST.
3   Conclusion / Proposals
In this contribution, we share our initial analyses for FR2 HST, and our observations and proposals are:

Proposal 1: Comprehensive link budget evaluations are needed to decide the detailed parameters of the number of RRHs per cell, the number of SSB, Ds and Dmin values
Proposal 2: Bi-directional SFN channel model should be considered for FR2 HST

Observation 1: for UL DM-RS 1+1+1: consider both UL and DL together and the UL limitation: the supported max velocity = 252km/h with DL fd = 7kHz and UL fd = 14kH with assumption of no positive to negative Doppler jump
Observation 2: for UL DM-RS 1+1+1+1: consider both UL and DL together and the UL limitation: v = 335km/h with DL fd = 9.3kHz and UL fd = 18.7kH with assumption of no positive to negative Doppler jump
Observation 3: No limitation for PRACH to support 350km/h velocity with carrier frequency 30GHz, i.e. max Doppler shift 9.7kHz for FR2 HST.
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