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Introduction
[bookmark: _Hlk36653606]In the last RAN4#94e meeting, several agreements were made concerning HST PUSCH BS demodulation performance requirements and tests, which are captured in the WF [1] and email discussion summary [2].
Though also many PUSCH related issues remain open. In particular:
· Organisation of high-speed train requirement sections for PUSCH 500kph in specifications.
· High speed support declaration for HST PUSCH.
· High speed support implicit test passing.
· Relationship between TDD and FDD requirements.
· Introduction 1T1R requirements for the tunnel scenario.
· Yes/no decision and eventual configuration.
Additionally, we have identified the need to start new discussions on the following topics:
· Items deferred to after March 2020 [3]
· Dft-s-OFDM
· Multi-path fading channel under high Doppler value
· Additional CBWs
· Formalization of “l0=2 or l0=3” notes in 38.104 specification

In this contribution, we will express our views on the above listed issues. It is our understanding that all other parameters pertaining to PUSCH 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 PUSCH 500kph in specifications
In RAN4#94e, there was a lively discussion [2] on how to best capture HST PUSCH requirements in the specificaitons. Finally, an agreement was reached for 350kph and 500kph was left open [1]:
	· Organisation of high-speed train requirement sections for PUSCH in specifications
· 350kph
· Current section for non-HST 
· No change
· New section for HST (350kph only in this meeting)
· One new table for 350kph
· 500kph 
· Option 1:
· non-HST section
· No change
·  HST section used for 350kph
· One new table for 500kph
· Option 2:
· non-HST section
· No change
·  HST section used for 350kph
· Merge 500kph with table for 350kph
· Option 3:
· non-HST section
· No change
·  New HST section 500kph
· One new table for 500kph
· Other options not precluded



Nokia was contributing to this discussion under the assumption that it would ultimately be possible to declare support for PUSCH 500kph requirements, independently of supporting PUSCH 350kph requirements.
Building on this assumption, 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 (option 1) or using a different section for 500kph (option 3). It is our preference to have a separate section.
The approach of LTE (mixing of 350kph and 500kph 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 350kph and 500kph 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, preferably use option 3 (new section for PUSCH 500kph requirements), or less-preferably use option 1 (new table for PUSCH 500kph requirements).


High speed support declaration for HST PUSCH
It was also a lively discussion in RAN4#94e [2], to define what PUSCH 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 PUSCH
· 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 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 500kph, can also consider the tests for 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  both 500kph and 350kph (i.e., no skipping).
· Other options not precluded.



When declaring BS support for certain speeds in PUSCH 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
	Yes
	no
	Yes

	
	500
	no
	Yes
	Yes



Where 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.
Similar to our argumentation in the previous section, we want to account for algorithmic optimizations in BSs that only support 350kph; 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.
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.


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 example, looking at the following two test cases:
PUSCH 350kph
	Propagation condition
	Carrier frequency (GHz)
	SCS
	CBW
	Maximum Doppler shift
	Tx/Rx
	PUSCH mapping type
	DMRS
	l0
	MCS

	Tunnel
	3.6
	30KHz
	40MHz
	2334Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2

	
	
	30KHz
	40MHz
	2334Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	16

	
	
	30KHz
	40MHz
	2334Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	2

	
	
	30KHz
	40MHz
	2334Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	16



PUSCH 500kph
	Propagation condition
	Carrier frequency (GHz)
	SCS
	CBW
	Maximum Doppler shift
	Tx/Rx
	PUSCH mapping type
	DMRS
	l0
	MCS

	
	
	
	
	
	
	
	
	
	

	Tunnel
	3.6
	30KHz
	40MHz
	3334Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2

	
	
	30KHz
	40MHz
	3334Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	16

	
	
	30KHz
	40MHz
	3334Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	2

	
	
	30KHz
	40MHz
	3334Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	16



In this case it is clear, that a BS that passes the test case for 500kph should have an easier time to pass 350kph since not a single test configuration changes except for the speed/doppler.
However, we would argue that 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. In such a case, allowing implicitly test passing would hide performance insufficiencies at lower speeds.
Thus, we propose to not allow implicit test passing; a BS must test all the requirements, even if they are less demanding than the support level declared.
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 same configuration in 500kph.


Relationship between TDD and FDD requirements
This topic was already implicitly decided in RAN4#94e due to the acceptance of the PUSCH CRs. But we want to formalize the agreement of “the same requirements apply to all TDD patterns and FDD” here.
The 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.



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.


Introduction 1T1R requirements for the tunnel scenario
Operators have previously repeatedly declared [4] that 1T1R is a common and real deployment tunnels.
In our last contribution [5] we have shown that testing of 1T1R is possible without special measures in conducted testing and, with limited additional effort, OTA testing is also possible.
Still, the question of 1T1R requirements remains open [1]:
	· Introduce 1T1R requirements for the tunnel scenario
· Option 1: Introduce 1T1R requirements for the tunnel scenario.
· Option 2: Do not introduce 1T1R requirements for the tunnel scenario.
· Option 3: Introduce 1T1R requirements for the tunnel scenario, and limit tests to not cover OTA.



We have provided (in separate Tdoc) our demodulation performance in 1T1R and do not see any technical reasons to not set HST requirements for 1T1R, which is an optional requirement in BS demod.
We have provided our demodulation performance in 1T1R and do not see any technical reasons to not set HST requirements for 1T1R, which is an optional requirement in BS demod.
RAN4 to contribute 1T1R requirements for the tunnel scenario, preferably for both conducted and OTA testing, but only conducted tsting is also acceptable.



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.

Dft-s-OFDM waveform
One topic that has previously been deferred to “after March”, is requirements with transform precoding turned on (i.e., dft-s-OFDM waveform) [3]:
	PUSCH
· Waveform
· Focus on CP-OFDM waveform.
· Start on study of PUSCH requirements with DFT-s-OFDM waveform after March, 2020



We think that CP-OFDM provides a sufficient baseline for demodulation performance testing for high speed UEs. Unless clear and substantial advantages of dft-s-OFDM over CP-OFDM can be demonstrated in the high speed/high doppler use case, it seems sufficient to test NRs high speed capabilities with CP-OFDM only.
RAN4 to not consider DFT-s-OFDM waveform for NR_HST requirements.


Multi-path fading channel under high Doppler value
Another topic for “after March” is multi-path fading channel models with high Doppler values [3]:
	Channel Model
· Fading channel
· Focus on the PUSCH requirements with HST scenario firstly
· Start after March on study of PUSCH requirements with multi-path fading channel under high Doppler value



Until now HST demod testing relies largely on the single tap channel model.
As a rare occurrence, Nokia would propose to follow LTE in not adding requirements for multi-path fading channel models with high Doppler values.
RAN4 to follow LTE and not add requirements for multi-path fading channel models with high Doppler values.


Additional CBWs
The last “after March” topic is the introduction of additional CBW requirements [3]:
	PUSCH
· CBW for CP-OFDM
· Focus on 10MHz CBW/15KHz SCS, 40MHz CBW/30KHz SCS
· Start to work on 5MHz CBW/15KHz SCS, 10Mhz CBW/30KHz SCS after March, 2020
· Similar applicability rule of channel bandwidths as existing PUSCH performance requirements will be used for HST



More specifically the addition of the minimum CBWs was supposed to be studied after March.
Assuming the same PUSCH applicability rules as for non-HST are agreed to also be applicable to HST, having requirements for the minimum CBW will allow all BSs to be tested, independently of the manufacturer declaration concerning SCS/BW combinations.
However, the RAN vendors are very likely to support the SCS/BW combinations that have been included in the performance tests already in their products. Hence, the priority of this addition of CBWs is very low and skipping it would not cause issues.
RAN4 to consider introducing requirements for 5MHz CBW/15kHz SCS, 10Mhz CBW/30kHz SCS.


Formalization of “l0=2 or l0=3” notes in TS 38.104 specification
This topic was already implicitly agreed in RAN4#94e due to the acceptance of the PUSCH CRs. But we want to formalize the agreement of how to capture the “l0=2 or l0=3” in the TS 38.104 demodulation performance requirement specification here.
We remark that the demodulation performance test specifications (TS38.141-1 ad TS 38.141-2), have captured the “l0=2 or l0=3” option in a note of the test parameters, as well as, in the FRC notes [6]:
	
Table 8.2.4.4.2-1: Test parameters for testing PUSCH under HST conditions
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	First DM-RS position
	pos 2 or pos 3 (NOTE 2)

	
	Additional DM-RS position
	Pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.
Note 2:     Either pos2 or pos3  may be selected for conformance testing.







The demodulation performance requirement specification does not capture the first DM-RS position in the test parameters [7], and only captures the option in the FRCs.
	
Table: 8.2.4.1-1 Test parameters for testing high speed train PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.







[9]:
	
Table A.3-2A: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, Additional DM-RS position = pos2 and 1 transmission layer (QPSK, R=193/1024)
	Reference channel
	G-FR1-A3-33
	G-FR1-A3-34

	Subcarrier spacing [kHz]
	15
	30

	Allocated resource blocks
	52
	106

	Data bearing CP-OFDM Symbols per slot (Note 1)
	11
	11

	Modulation
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024

	Payload size (bits)
	2600
	5256

	Transport block CRC (bits)
	16
	24

	Code block CRC size (bits)
	-
	24

	Number of code blocks - C
	1
	2

	Code block size including CRC (bits) (Note 2)
	2616
	2664

	Total number of bits per slot
	13728
	27984

	Total resource elements per slot
	6846
	13992

	NOTE 1:	DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos2, and l0= [2 or 3] for PUSCH mapping type A, as per table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:	Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [15].








This version of the test parameter table follows the non-HST case, and the difference in treatment between test and requirement specification follows the email discussions about specification CR alignment from before the last meeting [8]:
	- Capturing of l0 value.
[Nokia]: ERI’s comment relates to this agreement?
R4-1915886: 
•        l0 = 2 (For simulation alignment)
–       If no performance different between l0 = 2 and l0 = 3, define performance requirements based on l0 = 2
–       l0 value for testing is based on BS declaration
In this case, I would agree with ERI that a l0 note is not required for 38.104, but probably for 38.141-1/2.
For 38.104 it is sufficient to capture the l0 value ultimately used for requirement definition in the FRC (which is in any case required in 38.141-1/2).
              [DCM] OK, I added l0 value and corresponding Note into the table of main part of TS38.141-1. But the terminology was changed based on TS38.331.
                   First DM-RS position = {pos2, pos3}
[Eri] OK I aligned to your (DCM) text

[…]

- I cleaned some rows and entries from the test parameter table, which have become unneeded for 1 layer configuration.
              => [DCM]agree
                             [ERI] OK. But I added L0 to this table in my CR along with a note about the testing; please check and let me know your opnion.
[Nokia]: Two comments here:
The note for TDD/FDD pattern should be kept/included (as stated by ERI below :-) ).
The added note for l0 is not required according to Nokia. We will stay with our proposal to only configure l0=2.
(Also, l0 should be called "position of the first DM-RS symbol" following 211 6.4.1.1.3 and, until now, the l0 value was only captured in the FRC tables.)
                                      [DCM]: We have the same view as Nokia.
[Eri] Yes I’ll add the pattern note. For the l0, the note is not needed in the core specification. For us, it would be OK to not have it in the test specification too, but to follow the agreement of last meeting I think it is needed (either in this table or somewhere else appropriate).




Hence, we propose to formally agree to this behaviour.
RAN4 demodulation performance requirement specification (TS 38.104) does not explicitly capture the “l0=2 or l0=3” option in its test parameter tables; it is captured in the FRC descriptions.



Conclusion
In this contribution we have provided our views on various open PUSCH HST issues. In particular, the organisation of high-speed train requirement sections for PUSCH 500kph in specifications, high speed support declaration for HST PUSCH, high speed support implicit test passing, the relationship between TDD and FDD requirements, introduction 1T1R requirements for the tunnel scenario, dft-s-OFDM requirement introduction, multi-path fading channel under high Doppler values, additional CBWs, and the formalization of “l0=2 or l0=3” notes in 38.104 specification.
We have made the following observations and proposals:

Organisation of high-speed train requirement sections for PUSCH 500kph in specifications
1. The approach of LTE (mixing of 350kph and 500kph 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.
1. Assuming BSs can declare support for 350kph and 500kph independently, preferably use option 3 (new section for PUSCH 500kph requirements), or less-preferably use option 1 (new table for PUSCH 500kph requirements).

High speed support declaration for HST PUSCH
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.

High speed implicit test passing
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 same configuration in 500kph.

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.

Introduction 1T1R requirements for the tunnel scenario
We have provided our demodulation performance in 1T1R and do not see any technical reasons to not set HST requirements for 1T1R, which is an optional requirement in BS demod.
RAN4 to contribute 1T1R requirements for the tunnel scenario, preferably for both conducted and OTA testing, but only conducted tsting is also acceptable.

Dft-s-OFDM waveform
RAN4 to not consider DFT-s-OFDM waveform for NR_HST requirements.

Multi-path fading channel under high Doppler value
RAN4 to follow LTE and not add requirements for multi-path fading channel models with high Doppler values.

Additional CBWs
RAN4 to consider introducing requirements for 5MHz CBW/15kHz SCS, 10Mhz CBW/30kHz SCS.

Formalization of “l0=2 or l0=3” notes in TS 38.104 specification
RAN4 demodulation performance requirement specification (TS 38.104) does not explicitly capture the “l0=2 or l0=3” option in its test parameter tables; it is captured in the FRC descriptions.
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