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1   Background
During RAN4#92bis, way forward on NR HST BS demodulation requirements [1] was approved, some open issues are left with several options listed.
In this contribution, we share our views about those open issues for NR Rel-16 HST and provide our initial estimations for some cases.

2   Discussion

2.1   General

Maximum Doppler shift:
As per the approved WF[1], following options for maximum Doppler shift are listed:
	· Maximum Doppler shift
· Single tap HST 350km/h

· 15kHz SCS: 1340Hz

· 30kHz SCS: 2334Hz

· Single tap HST 500km/h 
· 15kHz SCS: 
· Option 1: 1944Hz
· Option 2: 1500Hz
· Option 3: 1400Hz
· Option 4: 1250Hz
· 30kHz SCS:  
· Option 1: 3334Hz
· Option 2: 2600Hz
· Option 3: 3000Hz
· Option 4: 2300Hz
· Reference signal
· Option 1: DMRS (Baseline)
· Option 2: DMRS + PT-RS
· Option 1: 1+1 DMRS + PTRS L=1 or 2

· Other options are not precluded

· DMRS Configuration

· For 350km/h targeting velocity, DMRS 1+1+1 (type 1, single-symbol DMRS).

· For 500km/h targeting velocity, FFS on the following DMRS patterns.

· Option 1: 1+1+1 (type 1, single-symbol DMRS)

· Option 2: 2+2 (type 1, double-symbol DMRS)
· PUSCH mapping type: type A

· l0  for PUSCH mapping type A

· Provide the simulation results for 350km/h and 500km/h and evaluate the following configurations and make decision:

· Option 1: l0 = 3

· Option 2: l0 = 2


For the different velocity and supported carrier frequency, by assuming the UL Doppler shift is twice of the DL Doppler shift, we derive the corresponding maximum Doppler shift as shown below in Table 2.1-1:
Table 2.1-1: 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


The DMRS patterns for PUSCH with different number of additional DMRS configuration are shown below:
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Figure 1: PUSCH DMRS configuration 1+1+1 with [image: image2.wmf]0
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Figure 2: PUSCH DMRS configuration 1+1+1 with [image: image4.wmf]0
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Figure 3: PUSCH DMRS configuration 2+2 with [image: image6.wmf]0
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Figure 4: PUSCH DMRS configuration 2+2 with [image: image8.wmf]0
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In timing-varying channel as in HST case, the accuracy of the channel estimation depends on the number of DMRS symbols distribution in the time domain for PUSCH. As in Table 2.1-2, we give the DMRS Doppler frequency tracking capability for different DMRS patterns and SCS:

Table 2.1-2: NR PDSCH DMRS Doppler frequency tracking capability
	DMRS configuration
	SCS (kHz)
	The smallest interval of DMRS (ms)
	Max Doppler frequency tracking (Hz)

	1+1+1 (2,7,11)
	15
	0.357
	1400

	
	30
	0.179
	2800

	1+1+1 (3,7,11)
	15
	0.286
	1750

	
	30
	0.143
	3500


As per agreed [1], 15kHz SCS is targeted for 2.1GHz, the UL maximum Doppler shift is 1361Hz to support velocity 350km/h and 1944 Hz to support velocity 500km/h as per Table 2.1-2. DMRS 1+1+1 configuration can support the UL maximum Doppler shift 1361Hz for 350km/h but cannot support the maximum Doppler shift 1944Hz for 500km/h.
Observation 1: DMRS 1+1+1 can support the UL maximum Doppler shift 1361Hz for velocity 350km/h, but cannot support the maximum Doppler shift 1944Hz for velocity 500km/h for 15kHz SCS targeting for 2.1GHz.
As per agreed [1], 30kHz SCS is targeted for 3.6GHz, the UL maximum Doppler shift is 2334Hz to support velocity 350km/h and 3334 Hz to support velocity 500km/h as per Table 2.1-1. DMRS 1+1+1 with l0=3 configuration can support the maximum Doppler shift 3334Hz for 500km/h, no any other additional reference signals are needed, especially support of PT-RS is an optional with capability signaling feature for FR1, it is configurable as per the configured MCS and the allocated number of RBs, i.e. UE will not always send PT-RS, the UE performance cannot be guaranteed under HST if UE does not support PT-RS when RAN4 defines the HST performance requirements by assuming PT-RS always on, it is not a practical assumption.
DMRS configuration 2+2 have larger overhead compared to DMRS 1+1+1, also DMRS 1+1+1 can meet the current HST requirements.
Observation 2: DMRS 1+1+1 can support the UL maximum Doppler shift 2334Hz and 3334Hz for both velocity 350km/h and 500km/h for 30kHz SCS targeting for 3.6GHz.
Proposal 1: Define NR BS PUSCH performance requirements with velocity 350km/h for 15kHz SCS targeting for 2.1GHz and velocity 500km/h for 30kHz SCS targeting for 3.6GHz by using DMRS 1+1+1 with l0=3.
Proposal 2: Choose maximum Doppler shift 1500 Hz of option 2 for 15 kHz SCS and maximum Doppler shift 3000Hz of option 3 for 30kHz SCS targeting for 3.6GHz to support target velocity 500km/h.
Channel Model:
	· Channel Model

· Tunnel
· Ds=300m, Dmin=2m
· Open space

· Option 1: Ds=1000m, Dmin=50m

· Option 2: Ds=700m, Dmin=150m


From our point of view, practical values are meaningful for the performance requirements definition, operator’s input from the real network deployment should be considered. Ds=300m and Dmin=2m for tunnel scenario are from LTE and used for 15kHz SCS, by referring to the real deployment and considering the NR 30kHz SCS, we think that Ds=250m and Dmin=5m is more practical values; For open space, Option 2 proposed by operator is preferred.

Proposal 3: we propose to set the Ds and Dmin as following:

· Tunnel channel model

· Ds=250m, Dmin=5m

· Open space

· Ds=700m, Dmin=150m
Waveform:
	· Waveform

· Option 1: CP-OFDM

· Option 2: CP-OFDM and DFT-s-OFDM


Different from LTE that only supports DFT-s-OFDM for UL, NR defines two kind of waveforms for UL, i.e. CP-OFDM and DFT-s-OFDM, that can be configured by network. CP-OFDM is the main stream wave for NR and DFT-s-OFDM is complementary to CP-OFDM and mainly used in link budget limited scenarios. RAN4 already defined NR PUSCH performance requirements with DFT-s-OFDM to check that gNB supports it, it is not necessary to recheck the support of DFT-s-OFDM in HST related performance requirements, especially considering the good coverage for HST deployment, no any technical reasons to use DFT-s-OFDM in NR HST scenarios.

Proposal 4: Define NR HST PUSCH performance requirements with CP-OFDM waveform only.

 SCS:
	· SCS

· Option 1: 30kHz

· Option 2: 15kHz and 30kHz

· 30kHz targeting for 3.6GHz

· 15kHz targeting for 2.1GHz

· Final requirements to be specified will subject to maximum supported Doppler shift based on velocity, operating frequency, NR physical layer design limitation and performance.


As per our observation 1, DMRS 1+1+1 cannot support velocity of 500km/h for 15 kHz SCS targeting for 2.1GHz, if company has strong view to consider both 15kHz and 30kHz SCS, our preference is our proposal 1, i.e. define NR BS PUSCH performance requirements with velocity 350km/h for 15kHz SCS targeting for 2.1GHz and velocity 500km/h for 30kHz SCS targeting for 3.6GHz by using DMRS 1+1+1 separately.

CBW:
	· CBW

· CP-OFDM

· 15kHz SCS

· Option 1: 5/10/20MHz
· Option 2: 20MHz
· Option 3: 10MHz
· 30kHz SCS
· Option 1: 10/20/40/100MHz 
· Option 2: 40MHz

· Option 3: 10Mhz


RAN4 already defined NR PUSCH performance requirements for different bandwidth and SCS combinations in NR Release 15, NR HST WI should focus on the higher speed related performance requirements, not traverse all bandwidth/SCS combinations, one typical bandwidth/SCS is enough to define NR HST performance requirements.
Proposal 5: Choose 20MHz BW/15kHz SCS and 40MHz BW/30kHz SCS.
Others:
	· Antenna configuration

· 1x2 as baseline for antenna configuration

· FFS on the other configurations

· MCS

· Option 1: MCS#2
· Option 2: MCS#16
· Option 3: MCS#2 and MCS#16
· Test metric

· Option 1: 70% of maximum throughput

· Option 2: both 30% and 70% of maximum throughput


Antenna configuration, 1x2 is agreed as baseline, there are tunnel and open space scenarios for HST, it is more reasonable to set 1x2 for tunnel scenario, larger number of receiver antenna for open space is more practical for NR, such as 1x8.

A moderate MCS#16 is enough for HST performance requirements definition.
RAN4 should focus on HST PUSCH performance requirements with test metric of 70% of maximum throughput that is enough to check the high speed train related performance. Considering the good coverage under HST, it is not necessary to recheck the 30% of maximum throughput again.
Proposal 6: Consider antenna configuration 1x2 for tunnel scenario, 1x8 for open space; MCS#16 only and test metric of 70% of maximum throughput for NR HST PUSCH performance requirements.
2.2   Simulation
The following are the simulation results for different maximum Doppler shift, DMRS configuration 1+1+1 with l0=2 and l0=3 under Ds=1000m, Dmin=50m.
Table 2.2-1: Simulation results for PUSCH with different maximum Doppler shift, DMRS configuration 1+1+1 with l0=2 and l0=3
	Case Number
	CHBW/ SCS
	Number of RB
	MIMO
	PUSCH type and MCS
	Number of layer
	Max Doppler shift fd
	DMRS
	L0
	SNR (dB)

	1
	10MHz/15kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS16
	1 Layer
	1600
	1+1+1
	2
	

	
	
	
	
	
	
	
	
	3
	

	2
	10MHz/15kHz
	52
	1Tx 2Rx ULA Low
	Type A, 16QAM, MCS16
	1 Layer
	1750

	1+1+1
	2
	

	
	
	
	
	
	
	
	
	3
	

	3
	40MHz/30kHz
	106
	1Tx 2Rx ULA Low
	Type A, QPSK, MCS 16
	1 Layer
	3200
	1+1+1
	2
	

	
	
	
	
	
	
	
	
	3
	

	4
	40MHz/30kHz
	106
	1Tx 2Rx ULA Low
	Type A, QPSK, MCS 16
	1 Layer
	3334
	1+1+1
	2
	

	
	
	
	
	
	
	
	
	3
	


<To be added>
3   Proposals
In this contribution, we analyses the BS performance requirement for NR HST, and give our proposals:

Observation 1: DMRS 1+1+1 can support the UL maximum Doppler shift 1361Hz for velocity 350km/h, but cannot support the maximum Doppler shift 1944Hz for velocity 500km/h for 15kHz SCS targeting for 2.1GHz.
Observation 2: DMRS 1+1+1 can support the UL maximum Doppler shift 2334Hz and 3334Hz for both velocity 350km/h and 500km/h for 30kHz SCS targeting for 3.6GHz.

Proposal 1: Define NR BS PUSCH performance requirements with velocity 350km/h for 15kHz SCS targeting for 2.1GHz and velocity 500km/h for 30kHz SCS targeting for 3.6GHz by using DMRS 1+1+1 with l0=3.

Proposal 2: Choose maximum Doppler shift 1500 Hz of option 2 for 15 kHz SCS and maximum Doppler shift 3000Hz of option 3 for 30kHz SCS targeting for 3.6GHz to support target velocity 500km/h.
Proposal 3: we propose to set the Ds and Dmin as following:

· Tunnel channel model

· Ds=250m, Dmin=5m

· Open space

· Ds=700m, Dmin=150m
Proposal 4: Define NR HST PUSCH performance requirements with CP-OFDM waveform only.

Proposal 5: Choose 20MHz BW/15kHz SCS and 40MHz BW/30kHz SCS.
Proposal 6: Consider antenna configuration 1x2 for tunnel scenario, 1x8 for open space; MCS#16 only and test metric of 70% of maximum throughput for NR HST PUSCH performance requirements.
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