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1   Background
During RAN4#92 meeting, way forward [1] for NR Rel-16 UE demodulation was approved, the agreements related to HST single tap channel model are extracted as shown below:
	· SCS and channel bandwidth
· FDD: 10 MHz, SCS 15 kHz
· TDD: 40 MHz, SCS 30 kHz 
· FFS for FDD 30KHz
· Maximum Doppler 
· For TDD 30KHz

· For HST single tap, maximum Doppler 1667Hz is feasible.

· For FDD 15KHz

· Single tap HST

· Option 1: 1000Hz
· Option 2: 1250Hz
· Channel model

· For HST single tap
· Option 1: Ds=300m, Dmin=2m 

· Option 2: Ds=700m, Dmin=150m 
· Simulation assumptions for HST single tap:
Parameter
Value
FDD 15KHz SCS
TDD 30KHz SCS
Antenna configuration
1x2, 1x4 (rank 1); 2x2; 2x4 (rank 2)

DMRS type
type 1
Number of DMRS symbols
· Option 1: DMRS 1+1+1

· Option 2: DMRS 1+1+1+1

Precoding scheme

Random precoding based on type1 single panel codebook, bundle size 2

TDD pattern: 

DDDDDDDSUU ,S(6D:4G:4U)

Front loaded DMRS symbol

L0=2

Propagation condition
HST-single tap

TRS periodicity
10ms, 2 slot
PDSCH mapping

Type A, Start symbol 2, Duration 12
Ds and Dmin

Ds= 300m, Dmin=2m
Rank

Option 1: Rank = 1

Option 2: Rank = 2 

BW
10MHz
40MHz
Maximum Doppler shift

· Option 1: 1000Hz

· Option 2: 1250Hz

1667Hz 

Testing metric
SNR @70% of maximum throughput



In this contribution, we share our views about the UE demodulation requirements for NR Rel-16 HST.

2   Discussion
2.1   Open issues
SCS and channel bandwidth:
Typical and practical SCS and channel bandwidth should be considered for NR HST performance requirements. 15 kHz SCS for FDD and 30kHz SCS for TDD are typical use cases for NR deployment, we do not think 30kHz SCS for FDD is typical deployment considering the LTE and NR coexistence and the reduced spectrum utilization.
Proposal 1: Not consider 30 kHz SCS for FDD cases.
Maximum Doppler shift:
Before RAN4 decides the specific maximum Doppler shift, the assumed frequency band should be decided firstly. As per operator’s request, 15 kHz SCS should target for 2.1GHz, 30 kHz SCS should target for 3.5GHz, based on this assumption, we can discuss the feasible maximum Doppler shift.

Proposal 2: Agree to assume 15kHz SCS targeting for 2.1GHz, 30kHz SCS targeting for 3.6GHz for the maximum Doppler shift selection.

Table 2-1: Maximum Doppler frequency for high speed train conditions

	Velocity
	Band
	DL: Max Doppler shift (Hz)
	UL: Max Doppler shift (Hz)

	350km/h
	Band n1 (2.1GHz)
	681
	1361

	
	Band n77 (3.6GHz)
	1167
	2333

	450km/h
	Band n1 (2.1GHz)
	875
	1750

	
	Band n77 (3.6GHz)
	1500
	3000

	500km/h
	Band n1 (2.1GHz)
	972
	1944

	
	Band n77 (3.6GHz)
	1667
	3333


From the above maximum Doppler shift calculated based on bands n1 and n77, we can know that the maximum Doppler shift is 972 Hz for 15 kHz SCS and 1667 Hz for 30 kHz SCS.
	· Maximum Doppler 
· For TDD 30KHz

· For HST single tap, maximum Doppler 1667Hz is feasible.

· For FDD 15KHz

· Single tap HST

· Option 1: 1000Hz

· Option 2: 1250Hz


The current two options for single tap HST for FDD 15 kHz SCS are not feasible, they exceed the maximum Doppler shift 972 Hz.

Doppler shift 972Hz is agreed to use to support 500km/h by using CRS for LTE Rel-16 HST, the minimum CRS interval is 3 symbols and UE can estimate the Doppler shift in each subframe. NR uses TRS for time and frequency tracking, the minimum TRS interval is 4 symbols and the shortest TRS periodicity is 10ms for 15kHz SCS, i.e. weaker capability compared to LTE, smaller value than LTE 972Hz is preferred.

Observation 1: Two options of maximum Doppler shift 1000Hz and 1250Hz are not practical for FDD 15kHz SCS to support velocity 500km/h, value smaller than 972 Hz should be considered.
Channel Model:

	· Channel model

· For HST single tap
· Option 1: Ds=300m, Dmin=2m 

· Option 2: Ds=700m, Dmin=150m 


As per the approved WF [1], two options for Ds and Dmin are listed for single tap channel model, option 1 comes from LTE, option 2 is a new proposal, from our point of view, practical values should be considered, we think that option 2 is preferred.
Proposal 3: Select option 2 of Ds=700m, Dmin=150m for HST single tap.
Number of DMRS symbols:

In the simulation assumptions for alignment, DMRS configurations of 1+1+1 and 1+1+1+1 are listed as two options, but from NR UE feature list [4], DMRS configuration 1+1+1 is an mandatory with capability signaling feature as per item 2-5; DMRS configuration 1+1+1+1 is an optional with capability signaling feature as per item 2-9, also 1+1+1+1 has larger overhead, to ensure all UE can support the related HST performances and reduce the overhead as much as possible, DMRS configuration 1+1+1 is preferable.
Proposal 4: Set DMRS configuration 1+1+1 for NR HST UE performance requirements definition.
2.2   Simulations
2.2.1   FDD with 15kHz SCS
As per the analysis for the maximum Doppler shift for DL in our accompany contribution [2], the PDSCH is not the bottleneck to support the maximum Doppler shift 1750 Hz for 15kHz SCS and 3500 Hz for 30kHz SCS to support the carrier frequency up to 3.6GHz (n77) covering both FDD and TDD and velocity up to 500km/h according to the NR Rel-15 TRS design for DL.
Considering support of higher Doppler shift compared to NR Rel-15 for PDSCH HST performance requirements with fd = 750Hz for 15kHz SCS and 1000Hz for 30kHz SCS, the NR Rel-16 HST PDSCH performance requirement with single-tap channel model but with higher Doppler shift need to be defined.

We did some preliminary simulations by using the following simulation assumptions that most of them come from the agreements for NR Rel-15 UE PDSCH performance requirements under HST for different higher Doppler shift:

Table 2.2-1: Ideal Simulation results for NR PDSCH under single tap HST
	Case Number
	Ds/Dmin
	CHBW/ SCS
	Number of RB
	MIMO
	PDSCH type and MCS
	Number of layer
	Max Doppler shift fd (Hz)
	TRS configuration
	DMRS
	SNR@70% Max TP

	1
	300m/2m
	10MHz/15kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	780
	10ms, 2 slots, offset1
	1+1+1
	4.31

	2
	300m/2m
	10MHz/15kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	875
	10ms, 2 slots, offset1
	1+1+1
	4.37

	3
	300m/2m
	10MHz/15kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	972
	10ms, 2 slots, offset1
	1+1+1
	4.40
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Figure 2.2-1: Ideal Simulation results for NR PDSCH under single tap HST
From the above simulation results by using the DMRS configuration 1+1+1, higher SNR is required to support higher Doppler shift.
2.2.2   TDD with 30kHz SCS
Table 2.2-2: Ideal Simulation results for NR PDSCH under single tap HST
	Case Number
	Ds/Dmin
	CHBW/ SCS
	Number of RB
	MIMO
	PDSCH type and MCS
	Number of layer
	Max Doppler shift fd (Hz)
	TRS configuration
	DMRS
	SNR@70% Max TP

	1
	250m/2m
	40MHz/30kHz
	105
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	1500
	10ms, 2 slots, offset1
	1+1+1
	4.70

	2
	250m/2m
	40MHz/30kHz
	105
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	1667
	10ms, 2 slots, offset1
	1+1+1
	4.76
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Figure 2.2-2: Ideal Simulation results for NR PDSCH under single tap HST
3   Proposals
In this contribution, we analyzed and shared our views on those open issues, provides our initial simulation results for alignment and discussions, our observations and proposals are:
Observation 1: Two options of maximum Doppler shift 1000Hz and 1250Hz are not practical for FDD 15kHz SCS, value smaller than 972 Hz should be considered.
Proposal 1: Not consider 30 kHz SCS for FDD cases.
Proposal 2: Agree to assume 15kHz SCS targeting for 2.1GHz, 30kHz SCS targeting for 3.6GHz for the maximum Doppler shift selection.

Proposal 3: Select option 2 of Ds=700m, Dmin=150m for HST single tap.
Proposal 4: Set DMRS configuration 1+1+1 for NR HST UE performance requirements definition.
4   Reference
[1] R4-1910050, WF on UE demodulation for NR HST, CMCC

[2] R4-1909990, Adhoc minutes for R16 NR HST demod, CMCC
[3] RP-191512, New WID on NR support for high speed train scenario, RAN#84, CMCC

[4] TR 38.822

