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1. Introduction
 In the past meetings, the following agreements were reached for BS performance under HST scenarios [1, 2]. In this contribution, we provide our views on PUSCH for HST.
	RAN#81 [1]
The UE and BS demodulation performance requirements under HST scenarios are treated in TEI15 after December 2018.
RAN4#90bis [2]
· Overview
· Release to define NR BS HST requirements
· Option 1: Release 15
· Option 2: Release 16 with starting point of 350km/h on the same Band 1 as LTE
· One of the above options will be decided based on the outcome of the evaluation. 
· The performance requirements for HST are optional, and the applicability depends on the declaration. 
· Assumptions for the following HST evaluations are for NR Rel-15 HST for RAN4#91 meeting. Bases on the evaluation results, companies can share their views on the HST requirements definition. 
· Way forward
· Companies are encourage to evaluate PUSCH and PRACH performance under HST for RAN4#91. 
· If no technical issues are identified and no concern is raised on the evaluation assumptions, Draft CRs implementing framework of  PUSCH for HST and PRACH for restricted set type A or/and B, for TS 38.104, TS 38.141-1 and TS 38.141-2, might be provided in RAN4 #91.



2.	Discussion
The current situation of UE capability/RRC signalling and UE/BS demodulation for HST are summarized in Table 1. In E-UTRA, single tap HST tests are specified in Table 8.2.1.1.1-2, 8.2.1.2.1-2, 8.2.2.1.1-2 and 8.2.2.2.1-2, TS 36.101 [3] as mandatory tests. There is no UE capability and RRC signalling. In NR, according to UE feature list [4, 5], there is no UE capability and RRC signalling for single tap HST scenario. Thus, single tap HST tests in UE demodulation will be introduced from Rel.15 as mandatory tests without UE capability signalling. If single tap HST test of BS demodulation is not introduced in Rel.15, it means that NR Rel.15 does not support HST scenario even though single tap HST is a mandatory feature in UE.
Observation 1: If single tap HST tests for BS demodulation are not introduced in Rel.15, it means that NR Rel.15 does not support HST scenario even though a single tap HST is a mandatory feature without UE capability signalling.
Table 1: Summary of UE capability/RRC signalling and UE/BS demodulation for HST 
	
	E-UTRA
	NR

	
	Single tap HST scenario 
	HST-SFN scenario
	Single tap HST scenario 
	HST-SFN scenario

	UE capability/RRC signalling
	None
	Required
	None
	Future study

	UE demodulation tests (PDSCH)
	Introduced from Rel.8
	Introduced from Rel.14
	Will be introduced from Rel.15
	Future study

	BS demodulation tests (PUSCH)
	Introduced from Rel.8
	Covered by single tap HST scenario
(Background is captured in sub-clause 6.5.2.1.1, TR 36.878[6])
	Whether introduced from Rel.15 or not is under discussion
	Future study



[bookmark: _Toc526265427]Regarding the applicability of HST tests, in E-UTRA, single tap HST tests for BS demodulation are explicitly specified as optional tests in Section 8.2.3, TS 36.104 [7].
8.2.3	Requirements for high speed train
The performance requirement of PUSCH for high speed train is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex A. The performance requirements assume HARQ retransmissions. The performance requirements for high speed train are optional.
This requirement shall not be applied to Local Area BS and Home BS.
In NR, the same approach can be used and single tap HST tests can be specified as optional tests. If BS does not support HST scenario, the BS does not have to test HST scenario. Therefore, there is no impact to existing BSs even if single tap HST is continued discussion in TEI15.
Observation 2: Even if continue discussion on HST in TEI15, there is no impact to existing BSs since the single tap HST tests are optional in BS demodulation.
Proposal 1: Introduce NR HST requirements including PUSCH in Rel.15.
Regarding the assumptions for HST, we propose the following parameters based on evaluation assumptions.
Proposal 2: Define parameters for NR HST as follows:
Table 2: Proposed parameters for NR high speed train scenario
	 Parameter
	Value

	
	Scenario 3

	
	300 m

	
	2 m

	
	300 km/h

	
	15kHz SCS: 1150Hz
30kHz SCS: 2000Hz



Table 3: Proposed parameters for NR high speed train test
	Parameter
	Value

	
	FR1
	FR1

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	Transmission scheme
	Identity matrix (TPMI index 0)
	Identity matrix (TPMI index 0)

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	Option 1: DMRS 1+1, the position of FL DMRS l0= 3 for both 15kHz and 30kHz SCS
Option 2: DMRS 1+1+1 for 15kHz and 30kHz SCS
	Option 1: DMRS 1+1, the position of FL DMRS l0= 3 for both 15kHz and 30kHz SCS
Option 2: DMRS 1+1+1 for 15kHz and 30kHz SCS

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	15kHz: 25 PRB; 30kHz: 24 PRB (middle of test BW)

	MCS index
	2
	2

	Carrier frequency (GHz)
	15kHz SCS: 2.1GHz
30kHz SCS: 3.6GHz
	15kHz SCS: 2.1GHz
30kHz SCS: 3.6GHz

	Propagation condition
	Scenario 3 with AWGN
	Scenario 3 with AWGN

	SCS and BW
	15kHz: 5MHz, 10MHz, 20MHz; 
30kHz: 10MHz, 20MHz, 40MHz, 100MHz

	PTRS
	Not configured
	Not configured

	Timing offset
	0
	0

	Frequency offset
	0
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled
	Disabled

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @30% of maximum throughput SNR @70% of maximum throughput
	SNR @30% of maximum throughput SNR @70% of maximum throughput



For introduction of NR HST, we provide draft CRs to capture in TS 38.104, TS 38.141-1 and TS 38.141-2.
Proposal 3: Agree on draft CRs to introduce NR HST to BS demodulation.

3.	Conclusion
In this contribution, we provide parameters for PUSCH under high speed scenarios. The following observations and proposals are obtained.
Observation 1: If single tap HST tests for BS demodulation are not introduced in Rel.15, it means that NR Rel.15 does not support HST scenario even though a single tap HST is a mandatory feature without UE capability signalling.
Observation 2: Even if continue discussion on HST in TEI15, there is no impact to existing BSs since the single tap HST tests are optional in BS demodulation.
Proposal 1: Introduce NR HST requirements including PUSCH and PRACH in Rel.15.
Proposal 2: Define parameters for NR HST as follows:
Table 2: Proposed parameters for NR high speed train scenario
	 Parameter
	Value

	
	Scenario 3

	
	300 m

	
	2 m

	
	300 km/h

	
	15kHz SCS: 1150Hz
30kHz SCS: 2000Hz



Table 3: Proposed parameters for NR high speed train test
	Parameter
	Value

	
	FR1
	FR1

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	Transmission scheme
	Identity matrix (TPMI index 0)
	Identity matrix (TPMI index 0)

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	Option 1: DMRS 1+1, the position of FL DMRS l0= 3 for both 15kHz and 30kHz SCS
Option 2: DMRS 1+1+1 for 15kHz and 30kHz SCS
	Option 1: DMRS 1+1, the position of FL DMRS l0= 3 for both 15kHz and 30kHz SCS
Option 2: DMRS 1+1+1 for 15kHz and 30kHz SCS

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	15kHz: 25 PRB; 30kHz: 24 PRB (middle of test BW)

	MCS index
	2
	2

	Carrier frequency (GHz)
	15kHz SCS: 2.1GHz
30kHz SCS: 3.6GHz
	15kHz SCS: 2.1GHz
30kHz SCS: 3.6GHz

	Propagation condition
	Scenario 3 with AWGN
	Scenario 3 with AWGN

	SCS and BW
	15kHz: 5MHz, 10MHz, 20MHz; 
30kHz: 10MHz, 20MHz, 40MHz, 100MHz

	PTRS
	Not configured
	Not configured

	Timing offset
	0
	0

	Frequency offset
	0
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled
	Disabled

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @30% of maximum throughput SNR @70% of maximum throughput
	SNR @30% of maximum throughput SNR @70% of maximum throughput
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