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Introduction
In the last RAN4#94e meeting, several agreements were made concerning HST PRACH BS demodulation performance requirements and tests, which are captured in the WF [1] and email discussion summary [2].
Though some PRACH related issues remain open. In particular:
· Organisation of high-speed train requirement sections for PRACH in specifications.
· High speed support declaration for HST PRACH.
· High speed support implicit test passing.
· TDLC300-100 propagation conditions for long preamble formats
We are not aware of any items deferred to “after March 2020” in PRACH BS demod.

In this contribution, we will express our views on the above listed issues. It is our understanding that all other parameters pertaining to PRACH 500kph requirements have been decided in the last meetings.

Discussion of open issues
Here we discuss open issues, discussed in the last meeting.

Organisation of high-speed train requirement sections for PRACH in specifications

Status after RAN4#94e
In RAN4#94e, there was a lively discussion [2] on how to best capture HST PRACH requirements in the specifications. Finally, no agreement was reached for neither 350kph nor 500kph [1]:
	· 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.




In the interest of keeping the March 2020 deadline for 350kph, it was agreed to approve PRACH CRs (e.g., [3]) with the 350kph high speed requirements captured in the non-HST section, but in different table.
This was done with the understanding, that the tables could be voided and moved to a new special PRACH HST section, following the conclusion of the “Organisation of high-speed train requirement sections for PRACH in specifications” discussion:
	From: 3gpp_tsg_ran_wg4: tsg ran working group 4 <3GPP_TSG_RAN_WG4@LIST.ETSI.ORG> On Behalf Of Naoto Iizasa
Sent: Friday, March 6, 2020 1:25 AM
To: 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: Re: [Attention!!] Re: RAN4#94e_#94_NR_HST_Demod_BS


Dear Axel and all,

Regarding CR agreemnt, sorry it is my mistake,
Our preference Option b) to follow the agreed WID.
b) Having HST PRACH in the spec before March, is worth the risk to the specification structure being changed later.

We could agree on CRs in this meeting, and continure discussion on Issue 3-1 for long fomat.
If we agree to keep the requirements for fading channel, we can update the requirements to include the requirements for fading chennel in the next meeting

Best regards,
Naoto



Observations and way forward
The current, potentially temporary, section organization is following the same path as LTE, as was repeatedly pointed out.
However, it is our observation that LTE, and the current NR, section organization is inconsistent.
LTE/NR PUSCH has different sections for HST and non-HST requirements, while LTE PRACH uses the same section for HST and non-HST requirements. This makes the structure illogical and hard to read.
Given the distinction in product development between non-HST and HST BS due to algorithmic enhancements that require trade-offs between the two use cases, it is most logical to split the requirements into sections that follow these different product categories.
This would also improve the readability of NR specifications; the LTE specifications are rarely cited as a good example in readability; it is desirable to not repeat LTE word for word and improve on it whenever reasonably possible.
Looking even further ahead, allowing declaration of support for 350kph and 500kph independently, subdivides the product and implementation trade-off categories even further. It is reasonable to 
The LTE and the current NR demodulation requirements section organization is inconsistent between physical channels, and readability of LTE specification is not great. HST and non-HST base stations represent different product and implementation categories.

RAN4 to not repeat the inconsistencies of LTE and use different sections for HST and non-HST PRACH, representing the different implementation and product categories.
RAN4 to further subdivide the PRACH HST section into 350kph and 500kph sections.


High speed support declaration for HST PRACH

Status after RAN4#94e
It was also a lively discussion in RAN4#94e [2], to define what PRACH high speed support can be declared and what the declarations mean exactly. Finally, the following options were captured [1]:
	· 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.



Previous agreements
Some previous agreements are of interest to the discussion of high-speed support declaration and corresponding testing requirements.
[4]
	· PRACH format
· For 500km/h velocity, use PRACH format A2/B4/C2
· For 500km/h velocity, no extra requirements for PRACH format 0
· [bookmark: _Hlk36823279]Common understanding: PRACH format 0 with 2334Hz also shows UE with 500km/h at 1.9GHz can be supported



[5]
	· PRACH format
· For 350km/h velocity, use PRACH format 0
· For 500km/h velocity, use PRACH format A2/B4/C2
· FFS if PRACH format 0 shall be used



Hence leading to the following observation:
It has previously been agreed that explicit 350kph requirements only configure long PRACH formats, and that explicit 500kph requirements only configure short PRACH formats. It is common understanding that PRACH format 0 with 2334Hz implicitly also shows that UEs with 500km/h at 1.9GHz can be supported using long formats.

Observations and way forward
In the PRACH case the discussion was more heated than in PUSCH, as the previously agreed requirements for 350kph do only include the long preamble formats, and the previously agreed requirements for 500kph only include the short preamble formation
When declaring BS support for certain speeds in PRACH demodulation, we see the following options:
	Table 1: Declaration vs. test matrix.
	
	
	Declared Support for [km/h]

	
	
	350
	500
	350&500

	Needs
to test
	350
(short only)
	Yes
	no
	Yes

	
	500
(long only)
	no
	Yes
	Yes







Taking inspiration from [2], this would mean in more detail:
Table 2: Declaration vs. test matrix in more detail.
	SCS
	Velocity
	Maximum Doppler shift PUSCH
	PRACH format
	Restricted set type
	Maximum frequency offset for PRACH
	Tested vs. declaration
(assuming both 15 and 30 kHz declared supported)

	
	
	
	
	
	
	350
	500
	both

	15kHz
	350km/h
	1340Hz (2.1GHz)
	Short
	-
	-
	 
	 
	 

	
	500km/h
	1740Hz (1.8Ghz)
	Short
	-
	1740Hz (1.8Ghz)
	 
	yes
	yes

	30kHz
	350km/h
	2334Hz (3.6GHz)
	Short
	-
	-
	 
	 
	 

	
	500km/h
	3334Hz (3.6GHz)
	Short
	-
	3334Hz (3.6GHz)
	 
	yes
	yes

	1.25kHz
	350km/h
	-
	Long
	A
	1340Hz (2.1GHz)
	yes
	 
	yes

	
	
	
	
	B
	2334Hz (3.6GHz)
(= 500km/h at 1.9GHz)
	yes
	 
	yes

	
	500km/h
	-
	Long
	A
	-
	 
	 
	 

	
	
	
	
	B
	-
	 
	 
	 



[bookmark: _Hlk36827254]It was an open point for discussion in the last meeting, if “500” should be the same as “350&500”, or if those are different cases.
A BS can be built with only 500kph in mind, where the algorithmic optimizations have a negative impact on 350kph case (when compared to a BS optimized for 350kph only). Building a BS that works at 500kph without sacrificing performance at 350kph requires effort, and it should be visible to operators with a distinction in RAN4.
Though, we concede that in PRACH, where 350kph and 500kph requirements are defined for a different (and non-overlapping) set of preamble formats, this optimization question is not as relevant as for PUSCH. Still, we assume that vendors present hardware for testing, that is not optimized only for testing, so the different levels of effort between 500 only and 350&500kph declaration should be rewarded with a distinction.
A BS can be built with only 500kph in mind, but the algorithmic optimizations have a negative impact on 350kph case (when compared to a BS optimized for 350kph only). Building a BS that works at 500kph without sacrificing performance at 350kph requires effort, and it should be visible to operators with a distinction in RAN4.
Hence there should be possible to make a distinction between a BS that declares 500kph support and one that declares 350&500kph support.
RAN4 to allow declaration of support in three classes: 350/500/350&500kph. A BS that only declares to support 500kph is not tested against 350kph requirements. A BS that declares to support 350&500kph is test against both 350kph and 500kph requirements.
If PRACH and PUSCH high speed declaration possibilities match, then they should be shared between PRACH and PUSCH
I.e., not separate declaration for PUSCH and PRACH.


High speed implicit test passing
The discussion of this topic was deferred to the next meeting quite early in the RNA4#94e discussions [2]:
	Issue 1.5.4 High speed implicit test pass
· Option 1: Assuming the 350kph FRCs and configurations are a true subset of the 500kph FRCs and configurations, passing 500kph also covers the 350kph conformance. If this assumption does not hold, both cases need to be tested independently.
· Option 3: No implicit test passing. Test cases pertaining to declared speed need to be passed.
· Option 4 (Huawei, Samsung): 350km/h and 500km/h should have the same test configurations except the Max Doppler shift, in such configuration, BS only needs to pass either 350km/h or 500km/h related requirements as per BS declaration.
· Option 5: Clarify by study whether passing 500kph also covers passing the 350kph conformance applies or not from a technical perspective.

Proposed WF: Discuss in next meeting.




The question here is, if a BS that has passed performance tests for 500kph can be allowed to skip the tests for 350kph. And if the answer is yes, under which circumstances this can be allowed.
In our understanding of the defined test requirements for PRACH (see previous section for more details), there is no overlap of test requirements between 350kph PRACH and 500kph PRACH:
Table 2: Declaration vs. test matrix in more detail (copy of table 2 for convenience).
	SCS
	Velocity
	Maximum Doppler shift PUSCH
	PRACH format
	Restricted set type
	Maximum frequency offset for PRACH
	Tested vs. declaration

	
	
	
	
	
	
	350
	500
	both

	15kHz
	350km/h
	1340Hz (2.1GHz)
	Short
	-
	-
	 
	 
	 

	
	500km/h
	1740Hz (1.8Ghz)
	Short
	-
	1740Hz (1.8Ghz)
	 
	yes
	yes

	30kHz
	350km/h
	2334Hz (3.6GHz)
	Short
	-
	-
	 
	 
	 

	
	500km/h
	3334Hz (3.6GHz)
	Short
	-
	3334Hz (3.6GHz)
	 
	yes
	yes

	1.25kHz
	350km/h
	-
	Long
	A
	1340Hz (2.1GHz)
	yes
	 
	yes

	
	
	
	
	B
	2334Hz (3.6GHz)
(= 500km/h at 1.9GHz)
	yes
	 
	yes

	
	500km/h
	-
	Long
	A
	-
	 
	 
	 

	
	
	
	
	B
	-
	 
	 
	 



I.e., there is no case where one could claim that a BS that passes the test cases for 500kph should implicitly also be able to pass the tests for 350kph, since other preamble formats are involved.
In PRACH, 350kph and 500kph requirements are defined for a different (and non-overlapping) set of preamble formats. There is no case where one could claim that a BS that passes the test cases for 500kph should implicitly also be able to pass the tests for 350kph, since other preamble formats are involved.
This is also in line with our previous observation about algorithmic optimization.
A BS that supports 500kph might have been algorithmically optimized differently from a BS that only supports 350kph. Hence a 500kph-BS might have a worse SNR performance in the 350kph case than a “350kph only” BS.
Thus, we propose to not allow implicit test passing.
RAN4 to not allow implicit test passing. A BS claiming to support 350kph must test all the requirements of 350kph, even if it has passed the tests for 500kph.



TDLC300-100 propagation conditions for long preamble formats

Status after RAN4#94e
Concerning TDLC300-100 propagation conditions for long preamble formats, the following options were captured the chair’s minutes:
	Agreements: The content in WF R4-2002405 except slide 16 is agreed with additional agreements as following:
· 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.




Observations and way forward
It is observed that long format PRACH is already tested in the TDLC300-100 FO=400Hz propagation condition [6], for example:
	[bookmark: _Toc21127616][bookmark: _Toc29811825]8.4.2.2	Minimum requirements
The probability of detection shall be equal to or exceed 99% for the SNR levels listed in Tables 8.4.2.2-1 to 8.4.2.2-3.
1 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







Since the frequency offset is not changed for the proposed high speed test, the demodulation performance is not impacted by the HST use case.
The implementation of PRACH demodulation is very slightly impacted by the HST use case, but only in the way that the reference PRACH preamble IDs are derived, as the N_CS value (cyclic shift distance/width) is increased.
The PRACH sequences themselves do not change, and neither does the demodulation part of the implementation.
Long format PRACH is already tested in the TDLC300-100 FO=400Hz propagation condition. Since the frequency offset is not changed for the proposed high speed test, the demodulation performance is not impacted by the HST use case.
Hence, we propose:
RAN4 to not to introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for long preamble formats for HST requirements.



Conclusion
In this contribution we have provided our views on various open PRSCH HST issues. In particular, the organisation of high-speed train requirement sections for PRACH in specifications, high speed support declaration for HST PRACH, high speed support implicit test passing, and the inclusion of TDLC300-100 propagation conditions for long preamble formats.
We have made the following observations and proposals:

Organisation of high-speed train requirement sections for PRACH in specifications
1. The LTE and the current NR demodulation requirements section organization is inconsistent between physical channels, and readability of LTE specification is not great. HST and non-HST base stations represent different product and implementation categories.

1. RAN4 to not repeat the inconsistencies of LTE and use different sections for HST and non-HST PRACH, representing the different implementation and product categories.
RAN4 to further subdivide the PRACH HST section into 350kph and 500kph sections.

High speed support declaration for HST PRACH
A BS can be built with only 500kph in mind, but the algorithmic optimizations have a negative impact on 350kph case (when compared to a BS optimized for 350kph only). Building a BS that works at 500kph without sacrificing performance at 350kph requires effort, and it should be visible to operators with a distinction in RAN4.
RAN4 to allow declaration of support in three classes: 350/500/350&500kph. A BS that only declares to support 500kph is not tested against 350kph requirements. A BS that declares to support 350&500kph is test against both 350kph and 500kph requirements.
If PRACH and PUSCH high speed declaration possibilities match, then they should be shared between PRACH and PUSCH

High speed support implicit test passing
In PRACH, 350kph and 500kph requirements are defined for a different (and non-overlapping) set of preamble formats. There is no case where one could claim that a BS that passes the test cases for 500kph should implicitly also be able to pass the tests for 350kph, since other preamble formats are involved.
A BS that supports 500kph might have been algorithmically optimized differently from a BS that only supports 350kph. Hence a 500kph-BS might have a worse SNR performance in the 350kph case than a “350kph only” BS.
RAN4 to not allow implicit test passing. A BS claiming to support 350kph must test all the requirements of 350kph, even if it has passed the tests for 500kph.

TDLC300-100 propagation conditions for long preamble formats
Long format PRACH is already tested in the TDLC300-100 FO=400Hz propagation condition. Since the frequency offset is not changed for the proposed high speed test, the demodulation performance is not impacted by the HST use case.
RAN4 to not to introduce TDLC300-100 fading channel with frequency offset of 400Hz requirements for long preamble formats for HST requirements.
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