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1   Background
During RAN#84, new WI on NR support for high speed train scenario [1] was approved with the following objectives for the specific scenarios:

	· Investigate and specify the following scenarios: 

· NR SA single carrier scenario.

· Study the EN-DC scenario considering the LTE HST performance.

· The channel model: 

· HST-SFN scenarios, i.e. multiple RRHs connecting to one BBU. The channel model for HST-SFN will be discussed in this WI.

· HST single tap channel model 
· Other channel models are not precluded

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

· The carrier frequency is up to 3.6GHz covering both TDD and FDD.

· The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity at 3.6GHz will be decided in this WI.
Objective of Demodulation Performance part:
· Specify the UE demodulation requirements and test cases for NR PDSCH 

· Other requirements are not precluded if needed. 

· Specify the BS demodulation requirements and test cases for 
· PUSCH 
· PRACH restricted set A for preamble format 0
· PRACH restricted set B for preamble format 0
· PUSCH for UL timing adjustment
· Other requirements are not precluded if needed
· NOTE: PUSCH with HST single tap channel model, PRACH restricted set A/B and PUSCH for UL timing adjustment, test assumptions and corresponding CR(s) to be finalized by Dec. 2019 and final CRs including the requirement SNR to be finalized by Mar. 2020 should support at least up to 350 km/h. A single set of requirements supporting greater speeds is not precluded if RAN4 decides a single set of requirements is feasible and they are completed within this timescale.



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

2   Discussion
2.1   Single carrier scenario
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:
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— Simulation assumptions:

Antenna assumptions: 1Tx with 2Rx and 4Rx (static channel matrix)
Channel bandwidth and SCS:
— FDD: 10 MHz, SCS 15 kHz
— TDD: 40 MHz, SCS 30 kHz (7D1S2U, S = 6D:4S:4U)
PDSCH mapping: Type A, Start symbol 2, Duration 12
DMRS configuration: Type 1, Single symbol, 2 additional DMRS
TRS configuration: 10ms, 2 slots, offset 1
FRC: 160AM Rank 1 (MCS 13)
Baseline receiver assumption to define requirements: TRS based on tracking




Table 2.1-2: Ideal Simulation results for NR PDSCH under HST
	Case Number
	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
	10MHz/15kHz
	50
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	875
	10ms, 2 slots, offset1
	1+1+1
	4.21

	2
	10MHz/15kHz
	50
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	1667
	10ms, 2 slots, offset1
	1+1+1
	6.69

	3
	40MHz/30kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	1500
	10ms, 2 slots, offset1
	1+1+1
	4.30

	4
	40MHz/30kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	3000
	10ms, 2 slots, offset1
	1+1+1
	5.67

	5
	40MHz/30kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	3334
	10ms, 2 slots, offset1
	1+1+1
	NA


From the above simulation results by using the DMRS configuration 1+1+1, higher SNR is required to support higher Doppler shift. 70% max throughput with fd = 3334 Hz for 30kHz SCS cannot be achieved under HST single tap channel model, so smaller Doppler shift than 3334 Hz should be selected for single tap channel model.
Proposal 1: NR PDSCH HST performance requirements with higher Doppler shift than 750Hz for 15kHz SCS and 1000Hz but smaller than 3334Hz for 30kHz SCS should be defined under single-tap channel model.

NR Rel-15 only defined the PDSCH HST performance requirements under single tap channel model, no performance requirements for other channel model, like SFN. So corresponding PDSCH HST performance requirements with higher Doppler shift under SFN channel model and/or other channel model also should be defined.

Except the channel model, we prefer to reuse the test configurations of NR Rel-15 HST performance requirements, which is listed here again:

· Channel bandwidth and SCS: 
· FDD: 10 MHz, SCS 15 kHz
· TDD: 40 MHz, SCS 30 kHz (7D1S2U, S = 6D:4S:4U)
· PDSCH mapping: Type A, Start symbol 2, Duration 12
· DMRS configuration: Type 1, Single symbol, 2 additional DMRS
· TRS configuration: 10ms, 2 slots, offset 1
· FRC: 16QAM Rank 1 (MCS 13)
Proposal 2: NR PDSCH HST performance requirements with higher Doppler shift than 750Hz for 15kHz SCS and 1000Hz for 30kHz SCS should be defined under HST-SFN channel model with the following test configurations:
· Channel bandwidth and SCS: 

· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz (7D1S2U, S = 6D:4S:4U)

· PDSCH mapping: Type A, Start symbol 2, Duration 12

· DMRS configuration: Type 1, Single symbol, 2 additional DMRS

· TRS configuration: 10ms, 2 slots, offset 1

· FRC: 16QAM Rank 1 (MCS 13)

2.2   EN-DC scenario
LTE defined HST performance requirements for both single tap channel model and HST-SFN channel. Under EN-DC scenario, no new performance requirements need to be defined, UE just tests the HST performance requirements for LTE and NR separately.

Proposal 3: No new performance requirements need to be defined for EN-DC and UE just test the HST performance requirements for LTE and NR separately.
3   Conclusion / Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:

Proposal 1: NR PDSCH HST performance requirements with higher Doppler shift than 750Hz for 15kHz SCS and 1000Hz but smaller than 3334Hz for 30kHz SCS should be defined under single-tap channel model.

Proposal 2: NR PDSCH HST performance requirements with higher Doppler shift than 750Hz for 15kHz SCS and 1000Hz for 30kHz SCS should be defined under HST-SFN channel model with the following test configurations:
· Channel bandwidth and SCS: 

· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz (7D1S2U, S = 6D:4S:4U)

· PDSCH mapping: Type A, Start symbol 2, Duration 12

· DMRS configuration: Type 1, Single symbol, 2 additional DMRS

· TRS configuration: 10ms, 2 slots, offset 1

· FRC: 16QAM Rank 1 (MCS 13)

Proposal 3: No new performance requirements need to be defined for EN-DC and UE just test the HST performance requirements for LTE and NR separately.
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