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1   Background
During RAN4#90 meeting, WF [1] was approved for NR BS high speed related demodulation requirements in Rel-15 with the following agreement:

	· Companies are encourage to evaluate for RAN4#90bis when they could provide evaluation results  for the following scenarios :

· PUSCH requirements for high speed scenarios 
· HST (up to 300km/h or 350km/h at Band 7 (2.7GHz) [and  Band n77 (3.6GHz)])
· PRACH requirements for high speed scenarios 
· Preamble format 0 with restricted set A and B
NOTE: For above scenarios, 1 additional DMRS is baseline. Other assumption is not precluded.
· Operators are encourage to provide the motivation to introduce HST related tests as well as their priority on the test to be introduced in Rel-15 in RAN4 #90bis


	Agreement: for Slide #3
· PUSCH requirements for high speed scenarios 
· Option 1 HST (up to 300km/h or 350km/h at Band 7 (2.7GHz) [and  Band n77 (3.6GHz)])
· Option 2: Use the same band as LTE to reduce the workload for BS side (i.e., maximum Doppler shift is 1340Hz). 


In this contribution, we share our analysis and view about HST for Rel-15 NR BS demodulation requirements.

2   Discussion

2.1   PUSCH requirements for HST
2.1.1   Option 1
As per the approved WF, we know that scenarios in option 1 to be evaluated for HST is up to 300km/h or 350km/h at Band 7 (2.7GHz) [and  Band n77 (3.6GHz)], the corresponding maximum Doppler shift is as per formula 
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Table 1: Maximum Doppler frequency for high speed train conditions

	Velocity
	Band
	Max Doppler frequency(Hz)

	300km/h
	Band 7 (2.7GHz) (FDD 15kHz SCS)
	1500

	
	Band n77 (3.6GHz) (TDD 30kHz SCS)
TDD pattern: DDDDDDDSUU
	2000

	350km/h
	Band 7 (2.7GHz)
	1755

	
	Band n77 (3.6GHz)
	2340


By using 1 additional DMRS as baseline, we give our evaluation for the max Doppler frequency shown in Table 1 by using single tap channel model as defined for LTE in TS 36.104 Annex B.3.

2.1.2   Option 2
Option 2 use the same band as LTE, i.e. Band 1 (1950MHz, FDD, 15kHz SCS), as shown below extracted from TS 36.104 Annex B.3

Table B.3-1: Parameters for high speed train conditions

	Parameter
	Value

	
	Scenario 1
	Scenario 3
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	1000 m
	300 m
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	50 m
	2 m
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	350 km/h
	300 km/h
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	1340 Hz
	1150 Hz


2.2   PRACH requirements for HST
NR PRACH format 0 is same as LTE, the existing LTE performance requirements for both restricted set A and B can be reused directly without any further evaluations and simulations:
[TS 36.104 section 8.4]

Table 8.4.2.1-2 PRACH missed detection requirements for High speed Mode restricted set type A
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and

correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.1
	-14.2
	-16.3
	-16.6

	
	
	ETU 70 Low
	270 Hz
	-7.4
	-7.3
	-9.3
	-9.5

	
	
	AWGN
	625 Hz
	-12.4
	-12.3
	-14.4
	-14.4

	
	
	AWGN
	1340 Hz
	-13.4
	-13.5
	-15.5
	-15.7

	
	4
	AWGN
	0
	-16.9
	-16.6
	-18.9
	-18.8

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.4
	-13.7
	-13.7

	
	
	AWGN
	625 Hz
	-14.9
	-14.6
	-16.8
	-16.8

	
	
	AWGN
	1340 Hz
	-15.9
	-15.5
	-17.8
	-17.8

	
	8
	AWGN
	0
	-19.3
	-19.1
	-20.9
	-21.0

	
	
	ETU 70 Low
	270 Hz
	-15.6
	-15.1
	-17.0
	-17.0

	
	
	AWGN
	625 Hz
	-17.7
	-17.4
	-19.3
	-19.4

	
	
	AWGN
	1340 Hz
	-18.7
	-18.4
	-20.5
	-20.5


Table 8.4.2.1-5 PRACH missed detection requirements for High speed Mode restricted set type B

	Number of TX antennas
	Number of RX antennas
	Propagation conditions and

correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.5
	-14.1
	-16.7
	-16.8

	
	
	AWGN
	625
	-12.0
	-11.7
	-13.9
	-13.9

	
	
	ETU 70 Low
	270 Hz
	-7.3
	-6.9
	-9.1
	-9.2

	
	
	AWGN
	1875 Hz
	-11.8
	-11.4
	-13.8
	-14.0

	
	4
	AWGN
	0
	-17.1
	-16.6
	-19.1
	-19.1

	
	
	AWGN
	625
	-14.4
	-14.1
	-16.1
	-16.2

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.3
	-13.5
	-13.4

	
	
	AWGN
	1875 Hz
	-14.2
	-13.8
	-15.9
	-16.3

	
	8
	AWGN
	0
	-19.6
	-19.1
	-21.2
	-21.2

	
	
	AWGN
	625
	-16.4
	-16.3
	-18.1
	-18.2

	
	
	ETU 70 Low
	270 Hz
	-15.3
	-15.1
	-17.1
	-17.5

	
	
	AWGN
	1875 Hz
	-16.3
	-16.0
	-18.0
	-18.4


In LTE system with using restricted set A, the random access is designed to cope with the Doppler frequency shift no larger than the preamble signal subcarrier spacing (1250Hz). But with higher speed or higher carrier frequency, the Doppler frequency shifts will be larger than one subcarrier spacing of the preamble signal.
Restricted set A,
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The above figure shows the uplink Doppler frequency shifts along with the carrier frequency and the terminal moving speed. For example for carrier 2.6GHz, speed of 350km/h and 400km/h will result in the Doppler frequency of 1685 Hz and 1925 Hz at the eNB side which is 1.34 and 1.54 times of the preamble subcarrier spacing (1250Hz). The Doppler frequency shifts @2.6GHz with speed beyond 350km/h will exceed the design of the LTE system for PRACH capability with restricted set A.
The maximum Doppler frequency shift along with different carrier frequency and UE speed are calculated as Table 1 below:

Table 1: the Doppler frequency along with the carrier frequency and UE speed
	UE speed
(km/h)
	Doppler frequency

	
	1.9GHz carrier 
	2.3 GHz carrier
	2.6 GHz carrier
	3.5 GHz carrier

	DL/UL
	Downlink
	Uplink 
	Downlink 
	Uplink 
	Downlink 
	Uplink 
	Downlink 
	Uplink

	150
	264
	528
	319
	639
	361
	722
	486
	972

	200
	352
	704
	426
	852
	481
	963
	648
	1296

	250
	440
	880
	532
	1065
	602
	1204
	810
	1620

	300
	528
	1056
	639
	1278
	722
	1444
	972
	1944

	350
	616
	1231
	745
	1491
	843
	1685
	1134
	2269

	400
	704
	1407
	852
	1704
	963
	1926
	1296
	2593

	450
	792
	1583
	958
	1917
	1083
	2167
	1458
	2917


To support higher speed (above 350 Km/h) or higher carrier frequency (band 22/42/43) with higher Doppler frequency shift, LTE introduced restricted set B in Release 13. NR introduced both restricted set A and B in Release 15, as per RAN1’s evaluation for restricted set A and B, when Doppler frequency shift is larger than 1500Hz, restricted set B should be used to ensure 1% probability of correct detection of the preamble when the signal is present, and 0.1% false alarm rate. To simplify RAN4 work and reduce test effort, the performance requirements for restricted set B can defined only.
Proposal 1: Define PRACH performance requirements with restricted set B only, and reuse LTE requirements defined in TS 36.104:

Table 8.4.2.1-5 PRACH missed detection requirements for High speed Mode restricted set type B

	Number of TX antennas
	Number of RX antennas
	Propagation conditions and

correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.5
	-14.1
	-16.7
	-16.8

	
	
	AWGN
	625
	-12.0
	-11.7
	-13.9
	-13.9

	
	
	ETU 70 Low
	270 Hz
	-7.3
	-6.9
	-9.1
	-9.2

	
	
	AWGN
	1875 Hz
	-11.8
	-11.4
	-13.8
	-14.0

	
	4
	AWGN
	0
	-17.1
	-16.6
	-19.1
	-19.1

	
	
	AWGN
	625
	-14.4
	-14.1
	-16.1
	-16.2

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.3
	-13.5
	-13.4

	
	
	AWGN
	1875 Hz
	-14.2
	-13.8
	-15.9
	-16.3

	
	8
	AWGN
	0
	-19.6
	-19.1
	-21.2
	-21.2

	
	
	AWGN
	625
	-16.4
	-16.3
	-18.1
	-18.2

	
	
	ETU 70 Low
	270 Hz
	-15.3
	-15.1
	-17.1
	-17.5

	
	
	AWGN
	1875 Hz
	-16.3
	-16.0
	-18.0
	-18.4


3   Conclusion / Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:

Proposal 1: Define PRACH performance requirements with restricted set B only, and reuse LTE requirements defined in TS 36.104:

Table 8.4.2.1-5 PRACH missed detection requirements for High speed Mode restricted set type B

	Number of TX antennas
	Number of RX antennas
	Propagation conditions and

correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.5
	-14.1
	-16.7
	-16.8

	
	
	AWGN
	625
	-12.0
	-11.7
	-13.9
	-13.9

	
	
	ETU 70 Low
	270 Hz
	-7.3
	-6.9
	-9.1
	-9.2

	
	
	AWGN
	1875 Hz
	-11.8
	-11.4
	-13.8
	-14.0

	
	4
	AWGN
	0
	-17.1
	-16.6
	-19.1
	-19.1

	
	
	AWGN
	625
	-14.4
	-14.1
	-16.1
	-16.2

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.3
	-13.5
	-13.4

	
	
	AWGN
	1875 Hz
	-14.2
	-13.8
	-15.9
	-16.3

	
	8
	AWGN
	0
	-19.6
	-19.1
	-21.2
	-21.2

	
	
	AWGN
	625
	-16.4
	-16.3
	-18.1
	-18.2

	
	
	ETU 70 Low
	270 Hz
	-15.3
	-15.1
	-17.1
	-17.5

	
	
	AWGN
	1875 Hz
	-16.3
	-16.0
	-18.0
	-18.4
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