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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 BS demodulation requirements for NR Rel-16 HST.

2   Discussion

2.1   PUSCH
There are lots of discussions about PUSCH performance requirements for NR Rel-15 HST, although no conclusion was made, some evaluation results and discussion will facilitate the following related discussion for NR Rel-16 HST requirements definition.

As per our accompany contribution [3], we can know that PUSCH with DMRS configuration 1+1+1 (3, 7 and 11) cannot support the maximum Doppler shift of 3334Hz for NR HST UL for support of carrier frequency up to 3.6GHz and velocity of 500 km/h, smaller Doppler shift should be selected for PUSCH with 15kHz SCS if corresponding performance requirements are agreed to be defined. Considering the timeline to March 2020 to finalize the requirements to support at least up to 350km/h and the Doppler limitation for 15kHz SCS, PUSCH performance requirements with Doppler shift 1340Hz (350km/h@Band n1(2.1GHz)) discussed during the NR Rel-15 HST discussion can be defined.
Proposal 1: Define PUSCH with 15kHz SCS HST performance requirements with Doppler shift 1340Hz (350km/h@Band n1(2.1GHz)) to meet the deadline of March 2020 for PUSCH with single tap channel model.
For PUSCH with 30kHz SCS, higher Doppler shift under HST-SFN channel model can be used to support higher velocity, as per the analysis in our accompany contribution [3], Doppler shift 2600Hz can be chosen for the PUSCH performance requirements definitions. 

Proposal 2: Define PUSCH with 30kHz SCS HST performance requirements with Doppler shift 2600Hz to support higher velocity under HST-SFN channel model.
Proposal 3: Test parameters for PUSCH HST performance requirements:

·  DMRS: type 1 with DMRS allocation 1+1+1 (3, 7 and 11)
·  PUSCH mapping type A

·  Waveform: CP-OFDM

·  Antenna: 1x2

·  PUSCH time domain resource allocation: S =0 and L =14

·  BW/SCS: 20MHz/15kHz, 40MHz/30kHz
·  Test metric: SNR@70% max throughput
2.2   PRACH
Also as per the analysis in our company contribution [3], PRACH restricted set type A and type B cannot be used to support up to 3.6GHz and velocity up to 500km/h, but as per the WID [1], the performance requirements for PRACH restricted set type A and type B for preamble format 0 should be defined. Considering the current available NR spectrum and the maximum Doppler frequency, support velocity of 350km/h should be considered as per operator’s request, we think that further discussion can base on the previous discussions about NR Rel-15 HST UL performance requirements for PRACH [2], by taking the timeline to finish this part work according to WID[1], we prefer to choose 1340Hz for restricted set type A and 1875Hz for restricted set type B so that the corresponding performance requirements for LTE under AWGN can be reused and complete the work in time. To distinguish this part of PRACH preamble format 0 with lower frequency offset from other PRACH performance requirements with higher frequency offset to be defined, we prefer to put this part of performance requirements in NR Rel-15.

Proposal 4: Define performance requirements for PRACH preamble format 0 with restricted set type A and type B in NR Rel-15 under AWGN propagation condition, with the following configurations:

· Restricted set type A: 
· frequency offset 1340Hz
· Ncs=15, logic sequence index = 384, v=0
· Restricted set type B: 
· frequency offset 1875Hz
· Ncs=15, logic sequence index = 30, v=30

· Antenna: 1x2, 1x4 and 1x8

· Test metric: false alarm probability of 0.1% and missed detection of 99%
During NR Rel-15 PRACH demodulation performance requirements discussions, PRACH preamble format 0, A1, A2, A3, B4, C0 and C2 were agreed by taking the inputs from operators and BS vendors, from our point of view, RAN4 should selected from these PRACH formats for NR Rel-16 HST PRACH performance requirements. Considering the coverage for higher frequency, we would like to propose to use PRACH preamble format C2 for the NR Rel-16 HST performance requirements definition.

Proposal 5: Choose PRACH preamble format C2 for the PRACH HST performance requirements to support carrier frequency 3.6GHz and velocity up to 500km/h under fading condition.
3   Proposals
In this contribution, we analyses the BS performance requirement for NR HST, and give our proposals:

Proposal 1: Define PUSCH with 15kHz SCS HST performance requirements with Doppler shift 1340Hz (350km/h@Band n1(2.1GHz)) to meet the deadline of March 2020 for PUSCH with single tap channel model.
Proposal 2: Define PUSCH with 30kHz SCS HST performance requirements with Doppler shift 2600Hz to support higher velocity under HST-SFN channel model.
Proposal 3: Test parameters for PUSCH HST performance requirements:

·  DMRS: type 1 with DMRS allocation 1+1+1 (3, 7 and 11)
·  PUSCH mapping type A

·  Waveform: CP-OFDM

·  Antenna: 1x2

·  PUSCH time domain resource allocation: S =0 and L =14

·  BW/SCS: 20MHz/15kHz, 40MHz/30kHz

·  Test metric: SNR@70% max throughput
Proposal 4: Define performance requirements for PRACH preamble format 0 with restricted set type A and type B in NR Rel-15 under AWGN propagation condition, with the following configurations:

· Restricted set type A: 
· frequency offset 1340Hz
· Ncs=15, logic sequence index = 384, v=0
· Restricted set type B: 
· frequency offset 1875Hz
· Ncs=15, logic sequence index = 30, v=30

· Antenna: 1x2, 1x4 and 1x8

· Test metric: false alarm probability of 0.1% and missed detection of 99%
Proposal 5: Choose PRACH preamble format C2 for the PRACH HST performance requirements to support carrier frequency 3.6GHz and velocity up to 500km/h under fading condition.
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