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1. Introduction
In RAN4 #95-e, WF for NR HST PRACH BS demodulation was approved [1]. In this contribution, we provide our views on remaining issues for NR PRACH HST.
2.	Discussion on PRACH open issues
2.1	TDLC300-100 Propagation conditions for long preamble format
In RAN4 #95-e, no conclusion was reached with respect to testing PRACH restricted set type A/B for TDLC300-100 with FO=400Hz [1]:
	RAN4 #95-e [1]
· TDLC300-100 propagation conditions for long preamble formats
· Option 2: Do not to introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for long preamble formats for HST requirements.
· Option 3: Introduce TDLC300-100 for PRACH restricted set type A and B.
· Option 4: Introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for long preamble 0 restricted set type A and B in non-HST sections.



First of all, in RAN4 #92, it was already agreed to introduce TDLC300-100 to PRACH requirements for long format 0 with restricted set type A and B, which agreement was captured in the WF [2]. After that, there was re-discussion on whether to introduce the requirements since some companies had concerns on testing TDLC300-100 for both normal and high speed mode. If no consensus was reached during this meeting, the original agreement should be respected and the requirements for TDLC300-100 should be implemented into the specifications.
Observation 1: In RAN4 #92, TDLC300-100 was agreed as one of the channel model for testing PRACH restricted set type A and B.
From our analysis of the test coverage of the PRACH requirement, the PRACH test in the multi-path fading is introduced for long format unrestricted set and short format. However, it has not been introduced for the long format restricted set type A and B, although the configuration is different from the unrestricted set. As a result, the performance of the PRACH restricted set in the multi-path fading is not guaranteed, hence the high-speed mode of PRACH cannot support the multi-path fading conditions. Generally, Doppler frequency fluctuations occur when moving at high speed, and a multi-path environment may occur in an environment surrounded by buildings. The BS that supports high speed train, it is necessary to perform a test assuming a multi-path fading conditions taking into account of the actual environment. Note that both the unrestricted set and the restricted set are also tested on multi-path fading channels even in the LTE specification.
Observation 2: Taking into account of the actual environment, the test cases for multi-path fading are necessary for not only unrestricted set but also restricted set. NOTE: In LTE specifications, PRACH performance requirements for multi-path fading channel are defined for both unrestricted set and restricted set. 
Based on the latest simulation summary [3], we summarize the comparison of the performance difference between  unrestricted set and restricted set in table 1.
Table 1: Summarizes the required SNR comparison between unrestricted set and restricted set type A/B based on the latest simulation summary [3]
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex G)
	Frequency offset
	SNR (dB)

	
	
	
	
	Unrestricted set

TS 38.104
	Restricted set type A

R4-2008822* [3]
	Restricted set type B

R4-2008822* [3]

	1
	2
	TDLC300-100 Low
	400 Hz 
	-6.6
	-5.4
	-5.2

	
	4
	TDLC300-100 Low
	400 Hz 
	-11.9
	-10.7
	-10.3

	
	8
	TDLC300-100 Low
	400 Hz 
	-15.8
	-14.9
	-14.6

	* Averaged value based on 5 companies simulation results



According to table 1, the required SNR differs up to 1.6dB between unrestricted set and restricted set, and the performance  difference is not negligible.
Observation 3: The maximum required SNR difference between unrestricted set and restricted set is 1.6 dB, and the performance difference is not negligible.
From above observations, RAN4 should introduce TDLC300-100 for PRACH restricted set type A and B.
Proposal 1: RAN4 introduces TDLC300-100 for PRACH restricted set type A and B.

Based on above proposal, the detailed text example is shown below:
------------------------------------------------------------------------------------------------------------------------------------------------
Table 8.4.2.3-1: PRACH missed detection requirements for high speed train, burst format 0, 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
	-12.0

	
	
	AWGN
	1340 Hz
	-13.8

	
	4
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	-14.5

	
	
	AWGN
	1340 Hz
	-16.2

	
	8
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	-16.5

	
	
	AWGN
	1340 Hz
	-18.4



Table 8.4.2.3-2: PRACH missed detection requirements for high speed train, burst format 0, 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
	-11.6

	
	
	AWGN
	2334 Hz
	-13.1

	
	4
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	-14.0

	
	
	AWGN
	2334 Hz
	-15.4

	
	8
	TDLC300-100 Low
	400 Hz
	TBD

	
	
	AWGN
	625 Hz
	-16.3

	
	
	AWGN
	2334 Hz
	-17.4



------------------------------------------------------------------------------------------------------------------------------------------------
2.2	Declaration for PRACH high speed support
In RAN4 #95-e, no conclusion was reached with respect to declaration for HST [1]:
	RAN4 #95-e [1]
· PRACH high speed support declaration for HST
· Option 1c: One declaration table entry for short and long format.
· Option 2: Include the two new manufacturer declarations “PRACH high speed train long format support” and “PRACH high speed train short format support”.
· Option 4: One declaration table entry for short and long format, no HST support



It would be better to declare long format support and short format support separately in order to make it clearer by using “and/or” less often.  Thus RAN4 introduces the two new manufacturer declarations “PRACH high speed train long format support” and “PRACH high speed train short format support”.
Proposal 2: RAN4 introduces the following new declaration for PRACH high speed support (Option 2):
	D.10X
	PRACH high speed train long format support
	Declaration of the supported long PRACH format 0 restricted set configurations for high speed train categories, i.e., not declared (no high speed train support), restricted set type A, restricted set type B, or both.

	D.10X
	PRACH high speed train short format support
	Declaration of high speed train support for each supported short PRACH format. I.e., declare for each of the supported formats of the set {A2, B4, C2}, if high speed mode is supported.



------------------------------------------------------------------------------------------------------------------------------------------------
2.3	Test applicability for short PRACH format
In RAN4 #95-e, it was discussed whether to introduce test applicability for long PRACH format but test applicability for short PRACH format was not [1]:
	RAN4 #95-e [1]
· Test applicability for long PRACH format restricted set type A and B
· Additionally, test applicability for long PRACH format restricted set type A and B needs to be defined if BS supports both types.
· 8.1.2.1.x Applicability of requirements for different restricted set types of long PRACH format 0
·      Unless otherwise stated, PRACH requirement tests for long PRACH format 0 with restricted set Type A and B shall apply only for the restricted set type declared to be supported (see D.110 in table 4.6-1). If both restricted set type A and type B are declared to be supported, the tests shall be done for type B; the same chosen mapping type shall then be used for all tests.
· Companies are encouraged to evaluate, if a similar test applicability rule is required for PRACH short format (for BS supporting multiple short formats).



Basically, we shouldn’t change the existing applicability rule from Rel-15 if no technical reason to skip the tests. The required SNR differs between existing short PRACH formats respectively. We need to test all short PRACH format declared to be supported in high speed mode to guarantee the performances. Therefore, we propose not to update the applicability rule for PRACH HST.
Proposal 3: All short PRACH format declared to be supported need to be tested.
3.	Conclusion
In this contribution, we discuss on remaining issues for PRACH HST. The following proposals are obtained.
Channel model
Observation 1: In RAN4 #92, TDLC300-100 was agreed as one of the channel model for testing PRACH restricted set type A and B.
Observation 2: Taking into account of the actual environment, the test cases for multi-path fading are necessary for not only unrestricted set but also restricted set. NOTE: In LTE specifications, PRACH performance requirements for multi-path fading channel are defined for both unrestricted set and restricted set. 
Observation 3: The maximum required SNR difference between unrestricted set and restricted set is 1.6 dB, and the performance difference is not negligible.
Proposal 1: RAN4 introduces TDLC300-100 for PRACH restricted set type A and B.

Declaration
Proposal 2: RAN4 introduces the following new declaration for PRACH high speed support (Option 2):
	D.10X
	PRACH high speed train long format support
	Declaration of the supported long PRACH format 0 restricted set configurations for high speed train categories, i.e., not declared (no high speed train support), restricted set type A, restricted set type B, or both.

	D.10X
	PRACH high speed train short format support
	Declaration of high speed train support for each supported short PRACH format. I.e., declare for each of the supported formats of the set {A2, B4, C2}, if high speed mode is supported.



Test applicability
Proposal 3: All short PRACH format declared to be supported need to be tested.
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