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1. Introduction
In RAN #84, a new WID for NR high speed was approved [1]. In this WID, it was clearly captured to specify PUSCH for HST, PUSCH for UL timing adjustment and PRACH restricted set A/B. According to the objective of performance part WI, the test assumptions based on UE velocity up to 350 km/h will be finalized by December 2019. 
This contribution focuses on PUSCH requirements and parameters for HST with UE velocity up to 350km/h and UL timing adjustment with UE velocity up to 500km/h. 
NOTE: In the separate contribution [2], general aspects including HST scenarios based on UE velocity up to 500km/h is discussed.
	RAN#84 [1]
Objective of SI or Core part WI or Testing part WI
· 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 Performance part WI
· 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.


2.	Discussion
In Japan, transport services by high-speed trains (HST, especially Shinkansen in Japan) began in 1964. Currently, it has spread throughout Japan and has become one of the major long-distance transportation, and the maximum speed reaches up to 320 km/h. Such high-speed trains are widely deployed around the world. In addition, the even higher speed train, such as the linear motor train in Japan, is being planned and the target train speed is 500 km/h or higher. This future system is mainly planned to be deployed in the tunnel. 
2.1.	HST scenario
Table 1 summarizes existing single tap HST scenarios for LTE BS demodulation. In LTE Rel.8, RAN4 defined two single tap HST scenarios, including open space as scenario 1 and tunnel as scenario 3. The requirements for HST based on band 1 and up to 350 km/h UE velocity have ensured LTE cell coverage in service areas of high speed trains.
For NR HST scenarios, it is important to cover at least existing LTE HST scenarios. Otherwise, NR performance in HST will be degraded from LTE. Regarding Ds and Dmin, the same values as LTE can be assumed since the target deployment scenarios for NR FR1 HST are basically similar to LTE. In particular, the tunnel scenario (Scenario 3) is our first priority as long as the UE velocity of 350 km/h is assumed. 
Table 1: Summary of the existing HST scenario in LTE
	Parameter
	Value

	
	Scenario 1
(Open space)
	Scenario 3
(Tunnel)

	

	1000 m
	300 m

	

	50 m
	2 m

	Operating band assumption
	Band 1
	Band 1

	

	350 km/h
	300 km/h

	

	1340 Hz
	1150 Hz



In general, the maximum Doppler frequency can be calculated by the UE velocity and operating frequency as shown in Figure 1. For the UE velocity, it is suitable to assume 350 km/h and 500 km/h as described in WID (Scenarios for up to 500km/h are proposed in the separate contribution [2]). For the frequency band, we can consider different assumptions depending on subcarrier spacing (SCS) since wider SCS has better performance in higher Doppler frequency shift condition. (It is noted that LTE supports only 15 kHz SCS while NR FR1 supports 15 kHz/30 kHz/30 kHz SCS.) Considering use cases of NR, the same frequency band as LTE can be assumed for 15 kHz SCS while the higher frequency band can be assumed for 30 kHz. For 30 kHz SCS, we suggest to assume band n77 (3.6GHz) since which is the same assumption as assumed in multipath fading channel and UE HST tests for 30 kHz SCS. In addition, it is aligned with WID, which is clearly stated to aim for the frequency up to 3.6GHz.

Figure 1: Maximum Doppler shift corresponding to UE velocity and carrier frequency

From the above discussion, the following HST scenarios with the UE velocity up to 350km/h is proposed.
Proposal 1: As single tap HST scenarios with UE velocity up to 350 km/h, define the following tunnel scenarios. (NOTE: The necessity of open space scenario is FFS)
Table 1: Proposed parameters for NR high speed train scenario
	 Parameter
	Value

	
	Scenario X

	
	300 m

	
	2 m

	
	350 km/h

	
	15kHz SCS: 1340Hz
30kHz SCS: 2334Hz



2.2.	UL timing adjustment scenario
In LTE, moving propagation conditions were defined in Annex B.3 in TS36.104 and used for PUSCH UL timing adjustment requirements.
Table B.4-1: Parameters for UL timing adjustment
	Parameter
	Scenario 1
	Scenario 2

	Channel model
	Stationary UE: AWGN
Moving UE: ETU200
	AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10 s
	10 s

	
	0.04 s-1
	0.13 s-1



Based on the existing scenario 2 which is based on HST, we propose parameters for the UE velocity up to 500km/h. The rationale of  is presented in [3]. Our proposed parameters are summarized in Table 2. Scenario X and Y are equivalent to existing LTE scenarios with UE velocity up to 350km/h, while scenario Z is based on the UE velocity up to 500km/h.
Proposal 2: As moving propagation scenarios with UE velocity up to 500 km/h, define the following scenarios. 
Table 2. Proposed parameters for NR UL timing adjustment test.
	Parameter
	Scenario X
	Scenario Y
	Scenario Z

	Channel model
	Stationary UE: AWGN
Moving UE: TDLC300-400
	Stationary UE: AWGN
Moving UE: AWGN
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h
	500 km/h

	CP length
	Normal
	Normal
	Normal

	A
	10*15/SCS μs
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.

	
	0.04 s-1
	 0.13 s-1
	 0.18 s-1



2.3.	Parameters and configuration
In this section, we discuss parameters and configurations for PUSCH requirements for HST and UL timing adjustment.
· Antenna configuration
In LTE, only 1Tx2Rx antenna configurations were defined because 1Tx2Rx was expected to be used primarily in the early LTE era. However, 1Tx4Rx and 1Tx8Rx are widely used for LTE and will be used for also NR. Therefore, PUSCH requirements for HST and UL timing adjustment should be defined in 1Tx2Rx, 1Tx4Rx and 1Tx8Rx. For 2Tx configurations, we need further evaluation.
Proposal 3: For 1Tx configuration, define requirements for 2Rx/4Rx/8Rx. For 2Tx configuration, study the feasibility.
· Waveform
In Rel.15 NR, the performance requirements have been defined for both CP-OFDM and DFT-s-OFDM. For the requirements for HST and UL timing adjustment, both waveforms should be considered and defined.
Proposal 4: Define both CP-OFDM and DFT-s-OFDM requirements for HST and UL timing adjustment.
· Mapping type
In Rel.15 performance requirements, both PUSCH mapping type A and type B are assumed. From channel design point of view, mapping type A can configure shorter DMRS interval than type B, which is an advantage of channel estimation under HST condition. Therefore, for HST and UL timing adjustment, our preference is to define PUSCH mapping type A.
Proposal 5: Define PUSCH requirements with mapping type A for HST and UL timing adjustment. 
· DMRS configuration
According to the simulation results from companies in Rel.15, it was identified that one additional DMRS is not enough for HST conditions. We think that it is common understanding to configure two additional DMRS (i.e., pos2) for HST conditions. Regarding the location of the first loaded DMRS, l0=3 has advantage in allowable maximum Doppler frequency shift since the interval between DMRS symbols is shorter than l0=2. From achievable performance point of view, l0=2 can achieve better performance than l0=3 if the Doppler frequency shift has little impact on performance. From study in Rel.15, it might be enough and no concern to use l0=2 for up to 350km/h. While, for up to 500km/h, need further study on the feasibility of performance based on the front loaded DMRS symbol location.
Proposal 6: For HST and UL timing adjustment with the UE velocity up to 350 km/h, use pos2 as an additional DMRS configuration and pos2 as a front loaded DMRS configuration. 
· PTRS
The same configuration can be used as PUSCH for multipath fading scenario. 
Proposal 7: Adopt no PTRS configuration for HST and UL timing adjustment.
· MCS index
In LTE, only requirements with QPSK modulation order for HST and UL timing adjustment scenarios were introduced. For NR HST and UL timing adjustment, at least MCS 2 should be considered. Whether introduce MCS 16 or 20 or not should be decided based on feasibility study.
Proposal 8: Adopt MCS 2 for HST and UL timing adjustment. Whether to introduce MCS 16 or/and MCS 20 or not is decided based on further evaluations.
· SCS and bandwidth
In LTE, performance requirements for all channel bandwidth sets are defined. On the other hands, in NR, performance requirements with limited SCS and channel bandwidth combinations has been defined in multipath fading scenarios, and the combinations are already down selected. Therefore, the same combinations as multi-path fading scenarios can be considered.
Proposal 9: Define PUSCH requirements with the following SCS and Bandwidth configuration for HST and UL timing adjustment.
	CP-OFDM:
			15 kHz SCS: 5/10/20MHz
			30 kHz SCS: 10/20/40/100MHz
	CP-OFDM:
			15 kHz SCS: 5MHz
			30 kHz SCS: 10MHz
· Test metric
In general, HARQ improves performance, especially in the SNR range where throughput is low. Without the 30% of the maximum throughput metric, the performance test will not confirm whether HARQ function is implemented correctly or not. Therefore, we need to define metrics as 30% as well as 70% of maximum throughput to ensure the HARQ performance. Therefore, both 30% and 70% of the maximum throughput test metrics should be defined.
Proposal 10: As test metrics for HST and UL timing adjustment, use 30% and 70% of maximum throughput.
	SNR @30% of maximum throughput 
SNR @70% of maximum throughput
From above discussion, proposed parameters are summarized in Table 3.
Table 3: Proposed parameters for HST and UL timing adjustment tests
	Parameter
	value

	
	FR1
	FR1

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
TBD: 2
	1
TBD: 2

	Number of Rx
	2, 4, 8
	2, 4, 8

	Number of layers
	1
TBD: 2
	1
TBD: 2

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

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	1+1+1 (pos2)
	1+1+1 (pos2)

	Front loaded DMRS position
	2nd symbol (pos2)
	2nd symbol (pos2)

	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
TBD: 16, 20
	2
TBD: 16, 20

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

	Propagation condition
	HST (Proposal 1)
Moving propagation (Proposal 2)
	HST (Proposal 1)
Moving propagation (Proposal 2)

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

	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



3.	Conclusion
In this contribution, we provide parameters for PUSCH HST and UL timing adjustment requirements. The following proposals are obtained.
· Scenarios
Proposal 1: As single tap HST scenarios with UE velocity up to 350 km/h, define the following tunnel scenarios. (NOTE: The necessity of open space scenario is FFS)
Table 1: Proposed parameters for NR high speed train scenario
	 Parameter
	Value

	
	Scenario X

	
	300 m

	
	2 m

	
	350 km/h

	
	15kHz SCS: 1340Hz
30kHz SCS: 2334Hz



Proposal 2: As moving propagation scenarios with UE velocity up to 500 km/h, define the following scenarios. 
Table 2. Proposed parameters for NR UL timing adjustment test.
	Parameter
	Scenario X
	Scenario Y
	Scenario Z

	Channel model
	Stationary UE: AWGN
Moving UE: TDLC300-400
	Stationary UE: AWGN
Moving UE: AWGN
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h
	500 km/h

	CP length
	Normal
	Normal
	Normal

	A
	10*15/SCS μs
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.

	
	0.04 s-1
	 0.13 s-1
	 0.18 s-1



Proposal 3: For 1Tx configuration, define requirements for 2Rx/4Rx/8Rx. For 2Tx configuration, study the feasibility.
· Waveform
Proposal 4: Define both CP-OFDM and DFT-s-OFDM requirements for HST and UL timing adjustment.
· Mapping type
Proposal 5: Define PUSCH requirements with mapping type A for HST and UL timing adjustment. 
· DMRS configuration
Proposal 6: For HST and UL timing adjustment with the UE velocity up to 350 km/h, use pos2 as an additional DMRS configuration and pos2 as a front loaded DMRS configuration. 
· PTRS
Proposal 7: Adopt no PTRS configuration for HST and UL timing adjustment.
· MCS index
Proposal 8: Adopt MCS 2 for HST and UL timing adjustment. Whether to introduce MCS 16 or/and MCS 20 or not is decided based on further evaluations.
· SCS and bandwidth
Proposal 9: Define PUSCH requirements with the following SCS and Bandwidth configuration for HST and UL timing adjustment.
	CP-OFDM:
			15 kHz SCS: 5/10/20MHz
			30 kHz SCS: 10/20/40/100MHz
	CP-OFDM:
			15 kHz SCS: 5MHz
			30 kHz SCS: 10MHz
· Test metric
Proposal 10: As test metrics for HST and UL timing adjustment, use 30% and 70% of maximum throughput.
	SNR @30% of maximum throughput 
SNR @70% of maximum throughput
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