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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 PRACH requirements and parameters. 
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. 
For NR HST support, PRACH performance requirements with restricted set type A and B are necessary to guarantee the performance in high-speed trains. In this section, we discuss and propose test parameters for PRACH.
· Frequency offset
In LTE, PRACH requirements for restricted set type A and B are defined as below. 
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



For LTE PRACH restricted set type A, the maximum frequency offset value is defined as 1340Hz which is based on the maximum Doppler shift 1340Hz assuming UE velocity 350km/h at Band 1. The design of burst format 0 in LTE is the same as NR, so it can be expected to have similar SNR values. From required SNR values in LTE, we find that PRACH restricted set type A has better performance than type B in some cases. For NR, especially for refarming bands with 15 kHz SCS, the restricted set type A is beneficial and should be defined with the frequency offset assumptions equivalent to LTE. Otherwise, NR tests for PRACH will be degrade from LTE.
Maximum frequency offset:
		1340Hz (350km/h @ Band n1 (2.1GHz))	for restricted set type A.
Proposal 1: For NR PRACH restricted set type A, consider up to 1340Hz frequency offset with AWGN in addition of 400Hz frequency offset with TDLC300-100. 
For LTE PRACH restricted set type B, the frequency offset is assumed as 1875Hz which is larger than type A. However, the value might not be enough in NR since assumed maximum Doppler shift in Rel.16 might be larger than 1875Hz. Therefore, the value of frequency offset should be aligned with the maximum Doppler shift to be agreed in this work item as much as possible. Our suggestion is to consider the following frequency offset assumptions for restricted set type B and to study the feasibility.
Maximum frequency offset:
1945Hz (500km/h @ Band n1 (2.1GHz)) for restricted set type B;
2334Hz (350km/h @ Band n77 (3.6GHz)) for restricted set type B;
3334Hz (500km/h @ Band n77 (3.6GHz)) for restricted set type B.
Proposal 2: For NR PRACH restricted set type B, need further evaluation with candidate frequency offset assumptions including 1945Hz, 2334Hz and 3334Hz. 
· Other parameters
For PRACH restricted set type A and B, the same antenna configuration, test metrics and test preamble configuration (Ncs, logical sequence index, v) can be considered.
Proposal 3: For PRACH restricted set type A and B, adopt the same antenna configuration, test metrics and test preamble configuration as PRACH normal mode.
Our proposals are summarized in Table 1
Table 1: Proposed parameters for NR high speed train test
	Parameter
	value

	
	Restricted set type A
	Restricted set type B

	Number of Tx
	1
	1

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

	Preamble format
	Format 0
	Format 0

	Frequency offset / Propagation condition
	0Hz: AWGN
400Hz: TDLC300-100
625Hz: AWGN
1340Hz: AWGN
	0Hz: AWGN
400Hz: TDLC300-100
625Hz: AWGN
TBD: AWGN

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

	Testing metric
	False alarm probability: 0.1%
missed detection: 99%
	False alarm probability: 0.1%
missed detection: 99%



3.	Conclusion
In this contribution, we provide parameters for PRACH for high speed. The following proposals are obtained.
Proposal 1: For NR PRACH restricted set type A, consider up to 1340Hz frequency offset with AWGN in addition of 400Hz frequency offset with TDLC300-100. 
Proposal 2: For NR PRACH restricted set type B, need further evaluation with candidate frequency offset assumptions including 1945Hz, 2334Hz and 3334Hz. 
Proposal 3: For PRACH restricted set type A and B, adopt the same antenna configuration, test metrics and test preamble configuration as PRACH normal mode.
Our proposals are summarized in Table 1.
Table 1: Proposed parameters for NR high speed train test
	Parameter
	value

	
	Restricted set type A
	Restricted set type B

	Number of Tx
	1
	1

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

	Preamble format
	Format 0
	Format 0

	Frequency offset / Propagation condition
	0Hz: AWGN
400Hz: TDLC300-100
625Hz: AWGN
1340Hz: AWGN
	0Hz: AWGN
400Hz: TDLC300-100
625Hz: AWGN
TBD: AWGN

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

	Testing metric
	False alarm probability: 0.1%
missed detection: 99%
	False alarm probability: 0.1%
missed detection: 99%
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