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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 investigations about the supported maximum Doppler frequency based on the operating frequency, velocity and NR design limitations for all NR UL/DL physical channels.

2   Discussion
As per the WID[1], the carrier frequency is up to 3.6GHz (n77) covering both FDD and TDD and company is encouraged to investigate the feasibility of supporting speed up to 500km/h, i.e. the maximum Doppler shift fd = 1667 Hz for DL and 3334Hz for UL. According to
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, we listed the maximum Doppler shift for different velocity based on Band n7 and Band n77, considering n7 is used for the fd derivation in NR Rel-15 HST UE demodulation requirements:
Table 2-1: Maximum Doppler frequency for high speed train conditions

	Velocity
	Band
	DL: Max Doppler shift (Hz)
	UL: Max Doppler shift (Hz)

	350km/h
	Band n7 (2.7GHz)
	875
	1750

	
	Band n77 (3.6GHz)
	1167
	2334

	450km/h
	Band n7 (2.7GHz)
	1125
	2250

	
	Band n77 (3.6GHz)
	1500
	3000

	500km/h
	Band n7 (2.7GHz)
	1250
	2500

	
	Band n77 (3.6GHz) 
	1667
	3334


2.1   PDSCH
From the WID [1], the carrier frequency is up to 3.6GHz covering both TDD and FDD, i.e. FR1, so only 15kHz SCS and 30kHz SCS need to be considered.
For TRS based tracking for frequency offset, as per TS 38.214 section 5.1.6.1.1:

	-
the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of

-
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 for frequency range 1 and frequency range 2,


We can derive the supported maximum Doppler frequency is 1750 Hz for 15kHz SCS and 3500 Hz for 30kHz SCS for DL considering the time interval of two TRS resources is 4 symbols, so NR can 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. But from our simulation results observation, the corresponding 70% max throughput with fd = 3334Hz for 30kHz SCS cannot be achieved under single tap channel model, also consider other factors to impact the maximum Doppler shift, smaller Doppler shift values than the theoretical values should be selected. To ensure the time frequency offset tracking accuracy and refer to the estimations for the TRS configuration of 10ms periodicity with per 2-slots compared to 20ms periodicity with per 2-slot, 10ms periodicity with per 2-slots configuration is still preferred for NR Rel-16 HST performance requirements.
Observation 1: For PDSCH, it is feasible to support carrier frequency up to 3.6GHz and velocity up to 500km/h with the corresponding maximum Doppler shift of 1667 Hz from theoretical point of view, but smaller value should be selected.

2.2   PUSCH

By assuming l0 = 3, the DMRS pattern for PUSCH for different number of additional DMRS configuration is shown below:
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Figure 1: PUSCH DMRS configuration 1+1
	[image: image6.png]8

9 10 11

12

13





Figure 2: PUSCH DMRS configuration 1+1+1


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 2.1-1, we give the DMRS Doppler frequency tracking capability for different DMRS and SCS:

Table 2.1-1: NR PDSCH DMRS Doppler frequency tracking

	DMRS configuration
	SCS (kHz)
	The smallest interval of DMRS (ms)
	Max Doppler frequency tracking (Hz)

	1+1 (2,11)
	15
	0.64
	778

	
	30
	0.32
	1556

	1+1 (3,11)
	15
	0.57
	875

	
	30
	0.286
	1750

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

	
	30
	0.143
	3500


Considering the maximum Doppler frequency for DL is 1667Hz to support carrier frequency 3.6GHz and velocity 500km/h and the Doppler shift in BS is about twice of UE side, i.e. the maximum Doppler shift is 3334Hz for UL. 
From Table 2.1-1, we can know:

For 15kHz SCS, any kind of DMRS configurations cannot support the maximum Doppler shift of 3334Hz for NR UL, to guarantee the velocity of 500 km/h for HST and consider Band n7 (2.7GHz) is used for NR Rel-15 UE HST demodulation requirements, we can try to consider them, but the corresponding maximum Doppler shift fd = 2500 Hz still cannot be met by DMRS configuration 1+1+1, so lower velocity, such as 350km/h with fd=1750Hz, with DMRS configuration 1+1+1 can be considered. 

For 30kHz SCS, DMRS 1+1+1 configuration can support the maximum Doppler shift of 3334Hz for NR UL, but considering the real network requirements and other implementation factors, the UL maximum Doppler shift is usually less than 2 times of downlink Doppler shift, i.e. smaller maximum Doppler shift than 3334Hz for UL should be considered, such as 3000kHz.
Observation 2: For PUSCH, the NR design limitations of UL DMRS cannot support the carrier frequency up to 3.6GHz and velocity of 500km/h for 15kHz SCS, but can support it for 30kHz SCS.
To align the maximum Doppler shift derivation between UL and DL, we suggest to consider the limitations for UL for 15kHz SCS case for UL and DL maximum Doppler shift selection.
Proposal 1: Consider carrier frequency 2.7GHz and velocity of 350km/h with DMRS configuration 1+1+1 for the maximum Doppler shift derivation for NR Rel-16 HST UL and DL performance requirements definition for 15kHz SCS, i.e.
· DMRS configuration 1+1+1

· DL: 350km/h with fd = 875Hz
· UL: 350km/h with fd = 1750Hz
Proposal 2: Consider carrier frequency 3.6GHz and velocity of 450km/h with DMRS configuration 1+1+1 for the maximum Doppler shift derivation for NR Rel-16 HST UL and DL performance requirement definition for 30kHz SCS, i.e.
· DMRS configuration 1+1+1

· DL: 450km/h with fd = 1500Hz
· UL: 450km/h with fd = 3000Hz
2.3   PRACH

The max frequency offset that PRACH can track is up to twice of the PRACH subcarrier spacing, it is about 2*1.25kHz = 2.5kHz for PRACH format 0, considering the maximum UL Doppler shift as shown in Table 2-1, we can know that it cannot be used to support carrier frequency 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 in Table 2-1, 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. 
Proposal 3: For PRACH preamble format 0 with restricted set type A and type B, consider to adopt the discussed frequency offset during NR Rel-15 HST:
· Restricted set type A: 1340Hz

· Restricted set type B: 1875Hz

Other PRACH formats than PRACH preamble format 0 should be considered to support carrier frequency up to 3.6GHz and velocity up to 500km/h. NR defined the following PRACH preamble formats:
Table 2.3-1: Preamble format for long sequence length L = 839

	Format
	L
	SCS(kHz)
	BW (MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Total duration(ms)
	Max cell radius(km)
	Use case

	0
	839
	1.25
	1.08
	1
	1
	24576
	3168
	2975
	1.0
	14.54
	LTE refarming format 0

	1
	839
	1.25
	1.08
	2
	1
	2*24576
	21024
	21904
	3.0
	100.16
	LTE refarming format 3

Large cell, up to 100km

	2
	839
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	3.5
	21.96
	Coverage enhancement 

	3
	839
	5
	4.32
	4
	1
	4*6144
	3168
	2976
	1.0
	14.54
	High speed case


Table 2.3-2: Preamble format for short sequence length L = 139 (For 15kHz SCS)
	Preamble
format
	NOS(#of 
Sequence)
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Total duration
(ms)
	Maximum 
Cell radius
(meter)
	Use case

	A
	1
	2
	288
	2*2048
	0
	96 
	3.13 
	0.14
	938
	Small cell

	
	2
	4
	576
	4*2048
	0
	144 
	4.69 
	0.29
	2,109
	Normal cell

	
	3
	6
	864
	6*2048
	0
	144 
	4.69 
	0.43
	3,516
	Normal cell

	B
	1
	2
	216
	2*2048
	72
	96 
	3.13 
	0.14
	469
	Small cell

	
	2
	4
	360
	4*2048
	216
	144 
	4.69 
	0.29
	1,055
	Normal cell

	
	3
	6
	504
	6*2048
	360
	144 
	4.69 
	0.43
	1,758
	Normal cell

	
	4
	12
	936
	12*2048
	792
	144 
	4.69 
	0.86
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	1096
	144
	4.69
	0.14
	5300
	Normal cell

	
	2
	4
	2048
	4*2048
	2916
	144
	4.69
	0.43
	9200
	Normal cell


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. For PRACH preamble format with short sequence length
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, the theoretical maximum frequency offset that can be handled is higher as per the subcarrier spacing, the maximum Doppler shift to support carrier frequency up to 3.6GHz and velocity up to 500km/h is not bottleneck for PRACH.
Observation 3: For PPRACH, the PRACH preamble formats with short sequence length can support the maximum Doppler shift based on carrier frequency up to 3.6GHz and velocity up to 500km/h.
Proposal 4: Choose comparative Doppler shift with PUSCH for PRACH, i.e.
· 15kHz SCS: fd = 2000Hz
· 30kHz SCS: fd = 3000Hz
3   Proposals
In this contribution, we analyses and investigate the feasibility of supporting maximum Doppler shift 1667 Hz under carrier frequency up to 3.6 GHz and speed up to 500km/h considering the NR design limitations for PDSCH, and our proposals are:

Observation 1: For PDSCH, it is feasible to support carrier frequency up to 3.6GHz and velocity up to 500km/h with the corresponding maximum Doppler shift of 1667 Hz from theoretical point of view, but smaller value should be selected..

Observation 2: For PUSCH, the NR design limitations of UL DMRS cannot support the carrier frequency up to 3.6GHz and velocity of 500km/h for 15kHz SCS, but can support it for 30kHz SCS.

Observation 3: For PPRACH, the PRACH preamble formats with short sequence length can support the maximum Doppler shift based on carrier frequency up to 3.6GHz and velocity up to 500km/h.

Proposal 1: Consider carrier frequency 2.7GHz and velocity of 350km/h with DMRS configuration 1+1+1 for the maximum Doppler shift derivation for NR Rel-16 HST UL and DL performance requirements definition for 15kHz SCS, i.e.

· DMRS configuration 1+1+1

· DL: 350km/h with fd = 875Hz
· UL: 350km/h with fd = 1750Hz
Proposal 2: Consider carrier frequency 3.6GHz and velocity of 450km/h with DMRS configuration 1+1+1 for the maximum Doppler shift derivation for NR Rel-16 HST UL and DL performance requirement definition for 30kHz SCS, i.e.

· DMRS configuration 1+1+1

· DL: 450km/h with fd = 1500Hz
· UL: 450km/h with fd = 3000Hz
Proposal 3: For PRACH preamble format 0 with restricted set type A and type B, consider to adopt the discussed frequency offset during NR Rel-15 HST:

· Restricted set type A: 1340Hz

· Restricted set type B: 1875Hz

Proposal 4: Choose comparative Doppler shift with PUSCH for PRACH, i.e.
· 15kHz SCS: fd = 2000Hz
· 30kHz SCS: fd = 3000Hz
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