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1. Introduction
In RAN4 #94, WF for NR BS high speed was approved [1]. In this contribution, we provide our views on NR PRACH requirements for HST.
2.	Discussion
2.1	Organisation of requirement sections and tables for PRACH
For PRACH, the following options on organisation of HST sections were agreed in [1]:
	RAN4 #94
· Organisation of high-speed train requirement sections for PRACH in specifications
· 350kph:
· Option 1:
· Current section for non-HST
· New table long format restricted set type A
· New table long format restricted set type B
· Option 2:
· New section for HST
· New table format 0 restricted set type A 
· New table format 0 restricted set type B
· Other options not precluded.
· 500kph:
· Option 1:
· Current section for non-HST
· Re-use tables short format and add high speed requirements (currently 500kph only).
· Option 2:
· Current section for non-HST
· New tables (per SCS) short format high speed requirements (currently 500kph only).
· Option 3:
· New section for HST used for 350kph
· New tables (per SCS) short format high speed requirements (currently 500kph only).
· Other options not precluded



[bookmark: _Hlk498435570]According to TS 38.211, the type of restricted set can be determined by the higher-layer parameter restrictedSetConfig (unrestricted, restricted type A, restricted type B). Restricted sets can be configured for PRACH preamble long formant, but not for short formats as below:

Table 6.3.3.1-1: PRACH preamble formats for  and  kHz.
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	
	
	Type A, Type B

	1
	839
	1.25 kHz
	
	
	Type A, Type B

	2
	839
	1.25 kHz
	
	
	Type A, Type B

	3
	839
	5 kHz
	
	
	Type A, Type B



Table 6.3.3.1-2: Preamble formats for  and  kHz where .
	Format
	

	

	

	

	Support for restricted sets

	
	
	
	
	
	
	
	

	A1
	139
	1151
	571
	

	

	

	-

	A2
	139
	1151
	571
	

	

	

	-

	A3
	139
	1151
	571
	

	

	

	-

	B1
	139
	1151
	571
	

	

	

	-

	B2
	139
	1151
	571
	

	

	

	-

	B3
	139
	1151
	571
	

	

	

	-

	B4
	139
	1151
	571
	

	

	

	-

	C0
	139
	1151
	571
	

	

	

	-

	C2
	139
	1151
	571
	

	

	

	



For PRACH, the organization of the long format and short format requirements tables should be considered separately because of the different set of restricted sets.
For long format, requirements for unrestricted set were introduced in Rel.15, and requirements for restricted set type A and B were agreed to be introduced in Rel.16. Since the sequence generation depends on the type of restricted set, separate tables should be introduced for each types of restricted sets (i.e., unrestricted set, restricted set type A and restricted set type B). Note that LTE also has separate tables for normal mode, restricted set type A and B.
For short format, on the other hand, no restricted sets can be configured. The sequence generation does not changed even if high-speed conditions are assumed. Therefore, it is reasonable to merge new HST requirements into the existing short format requirement tables.
Proposal 1: 
For PRACH long format, introduce new requirements for restricted set type A and B in new tables in the existing PRACH section.
For PRACH short format, introduce new requirements with large frequency offset condition into the existing short format requirement tables in the existing PRACH section.
Note: For PRACH requirements, do not consider the supported velocity.
[bookmark: _GoBack]2.2	Declaration
For PRACH, the following options on declaration were agreed in [1]:
	RAN4 #94
· High speed support declaration for HST PRACH
· Option 1: Allow BS to declare support for either 350kph, or 500kph, or both, and to test requirements accordingly.
A BS that only declares to support 500kph does not need to pass 350kph test, with long format or other format. A BS that declares to support both 350kph and 500kph needs to test both.
· Option 2: Allow BS to declare support for either 350kph, or 500kph, but not both.
A BS that declares to support 500kph and passes the tests for 500kph with short format, it can also consider the tests for 350kph with long format as passed (i.e., skip 350kph).
· Option 3: Allow BS to declare support for either 350kph, or 500kph, but not both.
A BS that declares to support 500kph needs to test with both 500kph and 350kph with long format (i.e., no skipping).
· Other options not precluded.



We summarized feasible PUSCH and PRACH HST configuration sets in below table:
Table 1: Feasible configuration sets for PUSCH and PRACH HST
	Supported PUSCH/PRACH SCS
	Supported maximum Doppler shift for PUSCH HST
	Supported PRACH format
	Supported Restricted set type
	Maximum frequency offset for PRACH
	Feasible configuration sets

	15kHz
	1340Hz
(350km/h)
	Short
	-
	1740Hz
	X

	
	
	Long
	A
	1340Hz
	X

	
	
	
	B
	2334Hz
	X

	
	1740Hz
(500km/h)
	Short
	-
	1740Hz
	X

	
	
	Long
	A
	1340Hz
	

	
	
	
	B
	2334Hz
	X

	30kHz
	2334Hz
(350km/h)
	Short
	-
	3334Hz
	X

	
	
	Long
	A
	1340Hz
	

	
	
	
	B
	2334Hz
	X

	
	3334Hz
(500km/h)
	Short
	-
	3334Hz
	X

	
	
	Long
	A
	1340Hz
	

	
	
	
	B
	2334Hz
	



According to Table 1, it can be seen that it is feasible to use PRACH short format for both 350km/h and 500km/h scenarios and PRACH long format with restricted set type B for both 350km/h and 500km/h scenarios. In the current options, it is unclear which velocity the format is associated with. If option 1, 2 or 3 are adopted, some configurations sets are not allowed as below examples.
Example case 1:
Based on option 1 or option 3, if a BS that declares support “350km/h”, only long format is tested and short format test is skipped, so it is not allowed to support PRACH short format for HST with 350km/h scenario.
Example case 2:
Based on option 2, if a BS that declares support “500km/h”, the long format test is skipped even if the BS only supports long format, so it is not allowed to support PRACH long format with restricted set type B for HST with 500km/h and 15kHz SCS. 
To avoid such a limitation, we should not use velocity based declarations for PRACH, so we disagree with Option 1, 2 and 3. In our views, it is better to declare supported type of restricted set for long format form "unrestricted set", “restricted set type A”, or “restricted set type B”. Note that this declaration is independent from the PUSCH HST declaration since all types of restricted sets can be used for any velocity conditions. In addition, as mentioned in the previous section, the type of restricted set can be configured from “unrestricted”, “restricted type A”, “restricted type B” by the higher-layer parameter restrictedSetConfig.
Proposal 2: PRACH HST declaration is declared independently with PUSCH HST declaration and do not consider supported velocity.
Proposal 3: For long format, introduce a new declaration to allow a BS to declare support for “unrestricted set”, “restricted set type A” or “restricted set type B”.
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H
	BS type 1-O

	D.1xx
	PRACH restricted set
	Declaration of the supported PRACH restricted set: unrestricted, restricted set type A or restricted set type B.
	x
	x
	x



For short formats, there is no specific configuration for HST such as restricted set, so no new declaration for short format is needed.
Proposal 4: For short format, no additional declaration is needed.

2.2	Channel model
For channel model, TDL-C channel model for PRACH HST was agreed in RAN4 #92bis [2], but it was changed to FFS in RAN4 #94 [1].  
	RAN4 #92bis
· Channel model
· AWGN 
· TDL-C fading channel, Frequency offset is 400Hz

RAN4 #94
· TDLC300-100 propagation conditions for short preamble formats and long preamble formats
· Do not introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for short preamble formats as they are already defined in “normal mode” PRACH. Remove the cases from the simulation result summary template.
· FFS on whether not to introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for long preamble formats.



In the last meeting, the necessity of test cases for TDL-C for short formats were discussed, and for short formats, it was concluded that do not introduce TDL-C for HST since there is no restricted set configuration for short formats and the performance under TDL-C can be confirmed in “normal mode”  PRACH tests. However, for long format, situation is different from short formats. When restricted set type A or B are configured, the sequence generation will be changed as mentioned in section 2.1. If test cases for TDL-C is not introduced for restricted set, the performance of restricted set under Doppler condition is not confirmed. To ensure the performance under Doppler condition, RAN4 should introduce TDL-C for long format.(Keep original agreements.)
Proposal 5: Introduce test cases with TDLC300-100 for PRACH restricted set type A and B (Keep original agreement).

Based on above proposals, the detailed text example is shown below:
------------------------------------------------------------------------------------------------------------------------------------------------
Table 8.4.2.2-1: PRACH missed detection requirements for Normal Mode, 1.25 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex G)
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format 0

	1
	2
	AWGN
	0
	-14.5

	
	
	TDLC300-100 Low
	400 Hz 
	-6.6

	
	4
	AWGN
	0
	-16.7

	
	
	TDLC300-100 Low
	400 Hz 
	-11.9

	
	8
	AWGN
	0
	-18.9

	
	
	TDLC300-100 Low
	400 Hz 
	-15.8



Table 8.4.2.2-2: PRACH missed detection requirements for Normal Mode, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex G)
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-9.3
	-12.6
	-14.2
	-16.8
	-6.3
	-12.5

	
	
	TDLC300-100 Low
	400 Hz
	-2.1
	-4.8
	-6.6
	-8.8
	0.8
	-4.9

	
	
	AWGN
	1740 Hz
	-
	TBD
	-
	TBD
	-
	TBD

	
	4
	AWGN
	0
	-11.6
	-14.3
	-16.0
	-19.0
	-8.7
	-14.1

	
	
	TDLC300-100 Low
	400 Hz
	-7.3
	-10.3
	-11.7
	-13.8
	-4.3
	-10.2

	
	
	AWGN
	1740 Hz
	-
	TBD
	-
	TBD
	-
	TBD

	
	8
	AWGN
	0
	-13.8
	-16.7
	-18.2
	-21.2
	-11.1
	-16.6

	
	
	TDLC300-100 Low
	400 Hz
	-11.0
	-13.9
	-15.2
	-17.3
	-8.1
	-13.9

	
	
	AWGN
	1740 Hz
	-
	TBD
	-
	TBD
	-
	TBD



Table 8.4.2.2-3: PRACH missed detection requirements for Normal Mode, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex G)
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-9.1
	-12.0
	-13.8
	-16.5
	-6.1
	-11.9

	
	
	TDLC300-100 Low
	400 Hz
	-2.8
	-5.7
	-7.4
	-9.9
	0.1
	-5.6

	
	
	AWGN
	3334 Hz
	-
	TBD
	-
	TBD
	-
	TBD

	
	4
	AWGN
	0
	-11.4
	-14.2
	-15.9
	-19.0
	-8.6
	-14.1

	
	
	TDLC300-100 Low
	400 Hz
	-7.2
	-10.4
	-12.0
	-14.5
	-4.5
	-10.4

	
	
	AWGN
	3334 Hz
	-
	TBD
	-
	TBD
	-
	TBD

	
	8
	AWGN
	0
	-13.7
	-16.6
	-18.1
	-21.1
	-11.0
	-16.5

	
	
	TDLC300-100 Low
	400 Hz
	-10.7
	-13.7
	-15.1
	-17.6
	-7.8
	-13.7

	
	
	AWGN
	3334 Hz
	-
	TBD
	-
	TBD
	-
	TBD



Table 8.4.2.2-4: PRACH missed detection requirements for high speed train, restricted set type A, 1.25 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex G)
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format 0

	1
	2
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	TBD

	
	
	AWGN
	1340 Hz
	TBD

	
	4
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	TBD

	
	
	AWGN
	1340 Hz
	TBD

	
	8
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	TBD

	
	
	AWGN
	1340 Hz
	TBD



Table 8.4.2.2-5: PRACH missed detection requirements for high speed train, restricted set type B, 1.25 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex G)
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format 0

	1
	2
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	TBD

	
	
	AWGN
	2334 Hz
	TBD

	
	4
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	TBD

	
	
	AWGN
	2334 Hz
	TBD

	
	8
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	TBD

	
	
	AWGN
	2334 Hz
	TBD



------------------------------------------------------------------------------------------------------------------------------------------------

3.	Conclusion
In this contribution, we discuss on remaining issues for PUSCH HST. The following proposals are obtained.
Organization of the requirement tables and section
Proposal 1: 
For PRACH long format, introduce new requirements for restricted set type A and B in new tables in the existing PRACH section.
For PRACH short format, introduce new requirements with large frequency offset condition into the existing short format requirement tables in the existing PRACH section.
Note: For PRACH requirements, do not consider the supported velocity.



Declaration
Proposal 2: PRACH HST declaration is declared independently with PUSCH HST declaration and do not consider supported velocity.
Proposal 3: For long format, introduce a new declaration to allow a BS to declare support for “unrestricted set”, “restricted set type A” or “restricted set type B”.
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H
	BS type 1-O

	D.1xx
	PRACH restricted set
	Declaration of the supported PRACH restricted set: unrestricted, restricted set type A or restricted set type B.
	x
	x
	x



Proposal 4: For short format, no additional declaration is needed.

Channel model
Proposal 5: Introduce test cases with TDLC300-100 for PRACH restricted set type A and B (Keep original agreement).
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