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Introduction
In the last RAN4#94e meeting, several agreements were made concerning HST uplink timing alignment (UL TA) BS demodulation performance requirements and tests, which are captured in the WF [1] and email discussion summary [2].
Though also many UL TA related issues remain open. In particular:
· [bookmark: _Hlk37003625]High speed support declaration for HST UL TA.
· Test metric.
· High speed support implicit test passing.
· Relationship between TDD and FDD requirements.
Additionally, we have identified the need to start new discussions on the following topics:
· Items deferred to after March 2020 [3]
· Further scenarios (in addition to “scenario Y”).
· Organisation of high-speed train requirement sections for UL TA 500kph in specifications.

In this contribution, we will express our views on the above listed issues. It is our understanding that all other parameters pertaining to UL TA 350kph requirements have been agreed in the last meetings.


Discussion of open issues
Here we discuss open issues, that were previously deliberated in the last meeting.

High speed support declaration for HST UL TA
It was also discussion in RAN4#94e [2], to define what UL TA high speed support can be declared and what the declarations mean exactly. Finally, the following options were captured [1]:
	· High speed support declaration for UL TA
· 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 test scenarios with 350kph. 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 scenarios with 500kph, can also consider the tests for scenarios with 350kph 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 scenarios with both 350kph and 500kph (i.e., no skipping).
· Other options not precluded.



In the UL TA case, the discussion was less heated than in PUSCH and PRACH, as 500kph was not yet a big topic in UL TA. With the proposed introduction of a 500kph test case (“scenario Z”), this UL TA declaration will become a more pressing issue.
When declaring BS support for certain speeds in UL TA 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







Assuming the scenario nomenclature from [3]:
	· Candidate scenarios on table:
[image: ]




This would me in detail:
Table 2: Declaration vs. test matrix in more detail.
	SCS
	Velocity
	Scenario
	Tested vs. declaration
(assuming both 15 and 30 kHz declared supported)

	
	
	
	350
	500
	both

	15kHz
	120km/h
	Scenario X
	yes
	yes
	yes

	
	350km/h
	Scenario Y
	yes
	
	yes

	
	500km/h
	Scenario Z
	
	yes
	yes

	30kHz
	120km/h
	Scenario X
	yes
	yes
	yes

	
	350km/h
	Scenario Y
	yes
	
	yes

	
	500km/h
	Scenario Z
	
	yes
	yes



For PUSCH and PRACH, 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.
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 UL TA and PUSCH high speed declaration possibilities match, then they should be shared between UL TA and PUSCH
I.e., not have a separate declaration for PUSCH and UL TA.


Test metric
In the last meeting Nokia reported the observation [5]:
Synthetic UL TA implementation errors are not detected with 70% TPUT requirements. A value of >90% is required.
In short, the test metric of 70%TPUT is too lenient to spot any implementation issues, as the SNR value barely changes between correct and incorrect implementations.
Judging from the UL TA simulation results delivered by various companies at the last meeting [6], we infer from the small SNR changes between different configurations, that the same behaviour is observed by other companies:
Table 2: UL TA simulation results delivered in RAN4#94-e. l0=2, MCS=16, DM-RS=1+1+!
	Tx/Rx
	A
	Δω
	PUSCH mapping type
	Nokia
	Company B
	Company C

	
	
	
	
	Ideal
	Impairment
	Ideal
	Impairment
	Ideal
	Impairment

	1T2R
	10us
	0.13s-1
	Type A
	5.74
	8.24
	5.88
	7.88
	 
	 

	1T2R
	10us
	0.13s-1
	Type B
	5.74
	8.24
	6.08
	8.08
	 
	 

	1T2R
	10us
	0.13s-1
	Type A
	5.74
	8.24
	5.88
	7.88
	6
	8.3

	1T2R
	10us
	0.13s-1
	Type B
	5.74
	8.24
	6.08
	8.08
	6
	8.2

	1T2R
	10us
	0.13s-1
	Type A
	5.71
	8.21
	5.87
	7.87
	 
	 

	1T2R
	10us
	0.13s-1
	Type B
	5.71
	8.21
	6.08
	8.08
	 
	 

	1T2R
	10us
	0.13s-1
	Type A
	5.71
	8.21
	6.01
	8.01
	6
	8.3

	1T2R
	10us
	0.13s-1
	Type B
	5.71
	8.21
	6.25
	8.25
	6
	8.2

	1T2R
	5us
	0.26s-1
	Type A
	5.7
	8.2
	 
	 
	 
	 

	1T2R
	5us
	0.26s-1
	Type B
	5.69
	8.19
	 
	 
	 
	 

	1T2R
	5us
	0.26s-1
	Type A
	5.7
	8.2
	 
	 
	6
	8.3

	1T2R
	5us
	0.26s-1
	Type B
	5.69
	8.19
	 
	 
	6
	8.1

	1T2R
	5us
	0.26s-1
	Type A
	5.67
	8.17
	6.04
	8.04
	 
	 

	1T2R
	5us
	0.26s-1
	Type B
	5.67
	8.17
	6.25
	8.25
	 
	 

	1T2R
	5us
	0.26s-1
	Type A
	5.67
	8.17
	6.04
	8.04
	6
	8.3

	1T2R
	5us
	0.26s-1
	Type B
	5.67
	8.17
	6.26
	8.26
	6
	8.1



Our observation has not changed, and we see similar tendencies in the results delivered by other companies, hence we propose:
RAN4 to consider changing the test metric to SNR@95% of maximum throughput for the moving UE.


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.
For the UL TA scenarios “Y/350kph” and “Z/500kph”, it is clear, that the test configurations will be exactly the same, just with different (more challenging) rate of change for 500kph.
We usually make the argument that a BS that supports 500kph might have been algorithmically optimized differently from a BS that only supports 350kph. However, in the case of UL TA with its very insensitive performance metric and quite generous implementation margins, we can agree to the implicit test passing; even if we don’t prefer it.
In the case of UL TA with its very insensitive performance metric and quite generous implementation margins, the impact of 500kph optimization on 350kph performance, is expected to be negligible. We do not have a preference on requiring testing 350kph requirements for a BS that has successfully passed 500kph tests.


Relationship between TDD and FDD requirements
Differently from the PUSCH case, the relationship between TDD and FDD requirements has not been decided implicitly in RAN4#94e. Unlike the PUSCH CRs, the UL TA CRs (e.g., R4-2002538) did not contain a note on the applicability of TDD and FDD patterns.
The general discussion was captured in the WF as [1]:
	· Relationship between TDD and FDD requirements
Discuss in next meeting.
· Option 1: Same requirements applicable for FDD and TDD; only one case simulated for result delivery.
Parameter tables show SRS mapping for FDD and TDD separately.
· Option 2: Both FDD and TDD simulated. Decision of same requirements or different requirements applicable for FDD and TDD taken after simulation.
Parameter tables show SRS mapping for FDD and TDD separately.



Still also for UL TA, Nokia did not find a reason to believe that the same requirements would not be applicable for FDD and TDD during our simulation campaign for this meeting. Unless simulation evidence to the contrary is provided by other companies, we propose option 1.
RAN4 to agree that that the same requirements are applicable for FDD and TDD. The Parameter tables are to show SRS mapping for FDD and TDD separately.


Discussion of new issues
In this section, we discuss issue that had been postponed from the start of NR_HST BS demod or have not been previously discussed at all.

Further scenarios
One topic that has previously been deferred to “after March”, is the inclusion of new UL TA test scenarios; in addition to the 350kph scenario “Y” [3]:
	· Candidate scenarios on table:
[image: ]

· Scenario for requirements
· Scenario Y
· Other scenarios can be discussed after March.



Further valuable insights on new scenarios were already previously captured in [4]:
	· Scenario Y
· 15kHz SCS
· A  = 10us, Δω = 0.13s – 1
· 30kHz SCS 
· A  = 5us, Δω = 0.26s – 1
· Note: Scenario X and Z also need to be scaled for 30kHz SCS if Scenario X and Z are agreed after March discussion



From the candidates previously under consideration, we see it necessary and uncontroversial to include the 500kph scenario “Z”:
Table 1: Proposed UL TA scenario Z.
	Parameter
	Scenario Z

	Channel model
	Stationary UE: AWGN 
Moving UE: AWGN

	UE speed
	500 km/h

	CP length
	Normal

	A
	15 kHz: 10 s
30 kHz: 5 s

	
	15 kHz: 0.18 s-1
30 kHz: 0.36 s-1



RAN4 to consider introducing and testing the 500kph UL TA scenario “Z”, with the following parameters: Channel model: Stationary UE: AWGN, Moving UE: AWGN. UE speed: 500 km/h. A: 15 kHz: 10 us, 30 kHz: 5 us, delta_omega: 15 kHz: 0.18 s-1, 30 kHz: 0.36 s-1.


Organisation of high-speed train requirement sections for UL TA 500kph in specifications
Unlike for PUSCH and PRACH, there was no lively discussion on how to best capture HST UL TA requirements in the specification in RAN4#94e [2]. 
As no UL TA 500kph cases were discussed before March, it was possible to reach an agreement for 350kph only [1]:
	· Organisation of high-speed train requirement sections for UL TA in specifications
· New section for UL TA
· Currently only scenario Y with UE speed 350kph. 
Hence no question for which table to used.




Nokia’s option on the organisation of high-speed train requirement sections for UL TA 500kph in specifications, assumes that it will ultimately be possible to declare support for PUSCH 500kph requirements, independently of supporting PUSCH 350kph requirements. Furthermore, we assume in the following that only test cases for 350kph and 500kph will be defined.
Building on these assumptions, it makes sense to have the requirements for 350kph and 500kph clearly separated in the specification. This separation can be implemented by using different tables for 500kph or using a different section for 500kph. It is our preference to have a separate section.
The approach of LTE (mixing of 120kph and 350kph scenarios in one table in the same section) is seen as confusing and unhelpful in achieving our goal of a clean separation of 350kph capable BS from 500kph capable BSs, via manufacturer declaration. 
It is not recommended to reiterate questionable specification writing choices from LTE (which might have come to be for historical reasons) in NR, just to try and save effort in the short term.
The approach of LTE (mixing of 120kph and 350kph scenarios in one table in the same section) is seen as confusing and unhelpful in achieving our goal of a clean separation of 350kph capable BS from 500kph capable BSs, via manufacturer declaration.
Assuming BSs can declare support for 350kph and 500kph independently, as well as, having two speed categories for UL TA requirements, we propose to have a next section for UL TA 500kph requirements.
Assuming BSs can declare support for 350kph and 500kph independently and having more than two speed categories for UL TA requirements, we propose to have one high speed UL TA section, with differing tables for each speed category. 


Conclusion
In this contribution we have provided our views on various open UL TA HST issues. In particular, the high speed support declaration for HST UL TA, the test metric, high speed support implicit test passing, the relationship between TDD and FDD requirements, introduction of further 500kph scenarios (in addition to “scenario Y”), and the organisation of high-speed train requirement sections for UL TA 500kph in specifications.
We have made the following observations and proposals:

High speed support declaration for HST UL TA.
1. 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.
1. 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 UL TA and PUSCH high speed declaration possibilities match, then they should be shared between UL TA and PUSCH

Test metric.
Synthetic UL TA implementation errors are not detected with 70% TPUT requirements. A value of >90% is required.
RAN4 to consider changing the test metric to SNR@95% of maximum throughput for the moving UE.

High speed support implicit test passing.
In the case of UL TA with its very insensitive performance metric and quite generous implementation margins, the impact of 500kph optimization on 350kph performance, is expected to be negligible. We do not have a preference on requiring testing 350kph requirements for a BS that has successfully passed 500kph tests.

Relationship between TDD and FDD requirements.
RAN4 to agree that that the same requirements are applicable for FDD and TDD. The Parameter tables are to show SRS mapping for FDD and TDD separately.

Further scenarios (in addition to “scenario Y”).
RAN4 to consider introducing and testing the 500kph UL TA scenario “Z”, with the following parameters: Channel model: Stationary UE: AWGN, Moving UE: AWGN. UE speed: 500 km/h. A: 15 kHz: 10 us, 30 kHz: 5 us, delta_omega: 15 kHz: 0.18 s-1, 30 kHz: 0.36 s-1.

Organisation of high-speed train requirement sections for UL TA 500kph in specifications.
The approach of LTE (mixing of 120kph and 350kph scenarios in one table in the same section) is seen as confusing and unhelpful in achieving our goal of a clean separation of 350kph capable BS from 500kph capable BSs, via manufacturer declaration.
Assuming BSs can declare support for 350kph and 500kph independently, as well as, having two speed categories for UL TA requirements, we propose to have a next section for UL TA 500kph requirements.
Assuming BSs can declare support for 350kph and 500kph independently and having more than two speed categories for UL TA requirements, we propose to have one high speed UL TA section, with differing tables for each speed category. 
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