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Introduction
During the last RAN4#94-bis-e meeting, good progress was made on the topic of NR Rel-16 HST BS demodulation PUSCH requirements [1]. 
Some remaining issues are captured in the corresponding WF [2].
In this contribution we will express our views on the captured open issues and open new discussions, if necessary.


Discussion on PUSCH open issues

PUSCH implicit test passing applicability rule
In RAN4#94-bis-e, it was agreed to allow implicit test passing for PUSCH [2]:
	· High speed implicit test passing
Agreement 2nd round (online session):
Allow implicit test passing.
A BS that declares to support 500kph, and passes the tests for 500kph, can also consider the tests for 350kph as passed.



This agreement now requires a corresponding applicability rule, which we propose to be captured in TS 38.141-1 and TS38.141-2, as:
	[bookmark: _Toc21100094][bookmark: _Toc29809892][bookmark: _Toc36645277]8.1.2.1.X	Applicability of requirements for high speed train
Unless otherwise stated, a BS that declares to support 500kph (see D.XXX in table 4.6-1), and passes the tests for 500kph, can also consider the tests for 350kph as passed.



RAN4 to capture the following applicability rule in test specifications: “Unless otherwise stated, a BS that declares to support 500kph (see D.XXX in table 4.6-1), and passes the tests for 500kph, can also consider the tests for 350kph as passed.”


PUSCH high speed support declaration for HST
In RAN4#94-bis-e, it was not agreed what categories companies can declare to support, how such categories would impact the test applicability and what choices each category should offer [2]:
	· High speed support declaration for HST PUSCH
· Option 1: 
Declare category of supported maximum speed. This can be either 350 or 500kph (or no HST support).
Which tests need to be passed, if 500kph is declared, is discussed separately under “High speed implicit test passing”
· Option 2:
Declare category of supported design target speed(s). This can be 350 or 500 or 350&500kph (or no HST support). 
Only the corresponding requirements are tested (only 350&500kph tests both).
Proposed WF
Companies are encouraged to bring specific manufacturer declaration proposals in a form that could be included in the manufacturer declaration table, i.e., all declaration groups, all choices per group, and explanation of each choice.



The main point of disagreement being the inclusion of a category “350&500kph”.
In Nokia’s opinion the declaration of supported speeds should consider the product deployment scenario first and foremost. Products are created and deployed with a certain scenario in mind, i.e., 350kph trains, 500kph train, or both mixed. The configuration and algorithms used in a 500kph and 350&500kph deployed cell will differ. For example, a 500kph cell will fix the DM-RS 1+1+1 pattern, while a 350&500kph cell will try to allocate DM-RS 1+1 to 350kph UEs, whenever feasible, to increase throughput. Though, such configuration optimisation does not apply from a RAN4 testing perspective, as the configuration is fixed.
However, algorithmic optimisations such as, for example, the averaging filter coefficients of the frequency offset compensation (FOC) state machine (taking into account previous FOE states and new measurements) will be different between 500 only (high weight for new FOE), and 350/500 kph mixed (lower weight for new FOE). There are more algorithmic optimisations to be done for BSs deployed in 500 only or 350&500 scenarios, and each company is encouraged to talk to their algorithm departments about this.
Furthermore, explicitly declaring 350&500 would show the manufacturers intent to not rely on implicit test passing, i.e., a commitment to pass 350kph tests even though 500kph was already passed.
[bookmark: _Hlk39919266]There are algorithmic differences between a BS deployed in “500kph only” scenarios and “350/500kph mixed” scenarios.
RAN4 to allow the distinction between “500kph only” scenarios and “350/500kph mixed” scenarios in manufacturer declarations.

To make tangible proposals on how such manufacturer declarations can look like and what they would require for testing, we give a particular proposal in the following. It is representative of our intentions, but the specific text can be aligned and modified.
Table 1: Proposal for declaration of PUSCH high speed train supported target speeds.
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H

	D.10X
	PUSCH high speed train supported target speeds
	Declaration of the supported high speed train target speeds, i.e., not declared (no high speed train support), 350km/h, 500km/h, or 350km/h and 500km/h.
	x
	x



Hence, there is one declaration/category with four different choices.
Each choice has the following impact on which tests are applicable; the agreement on implicit test passing and optionality of HST, has an impact on this.
Table 2: PUSCH declarations vs. tests matrix.
	
	
	PUSCH high speed train supported target speeds
(D.10X)

	
	
	none
	350
	500
	350&
500

	Needs
to test
	350
	no
	Yes
	no
	Yes

	
	500
	no
	no
	Yes
	Yes




1T1R requirements for the tunnel scenario - Applicability rule
In RAN4#94-bis-e, it was agreed to introduce 1T1R requirements, with the exact applicability rule FFS [2]:
	· Introduce 1T1R requirements for the tunnel scenario
Previous applicability rule wording options (Informative):
· Option 3 : Define test applicability rule in the section 8.1.2.0 of TS 38.141-1 as:
· Unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
· Option 4: Define test applicability rule in the section 8.1.2.0 of TS 38.141-1 as:
· “In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest number or two supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.”

Agreement 2nd round (online session)
RAN4 will introduce 1T1R for the tunnel scenario requirements only for conducted requirements, FFS for the test applicability rule



Previously (in Rel-15) RAN4 took the decision, to only require testing of the lowest and highest numbers of supported connectors, e.g., a BS declaring to support 2R, 4R, and 8R, only needs to test 2R and 8R for requirements, where all three connector numbers have associated tests.
With the upcoming inclusion of 1T1R requirements for tunnel scenarios, and the reluctance of some impacted parties to test 1T1R, we propose the compromise of being able to freely choose between the 1R and 2R as the lowest numbers of connectors.
I.e., a BS declaring support for 1R, 2R, 4R and 8R, could freely chose to test either 1R and 8R, or 2R and 8R.
A BS declaring to support 4R and 8R is not impacted, and still is required to test both 4R and 8R.
RAN4 to allow foregoing testing for 1T1R, when 1T2R is tested. This to be captured in applicability rule by changing previous rule as follows:
“In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest number or two supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.”


1T1R requirements for the tunnel scenario - Configuration
In RAN4#94-bis-e, it was agreed to introduce 1T1R requirements, but not for OTA testing, and with configurations TBD [2]:
	· Agreements from 1st round
· If 1T1R requirement is introduced: 1T1R requirement configuration
· Re-use the 1T2R requirement configuration.
· Slot allocation
· Only capture to use TDD pattern according to the previous WF agreement [R4-1915886]:
Reuse the existing TDD configurations.
15 kHz SCS: 3D1S1U, S=10D:2G:2U
30 kHz SCS: 7D1S2U, S=6D:4G:4U
· If 1T1R requirement is introduced: MCS configuration
· Option 1: If 1T1R requirement is introduced, only have MCS 2 requirements.
· Option 2: If 1T1R requirement is introduced, have MCS 2 and MCS16 requirements.
Proposed WF:
TBD after 1T1R introduction agreed. 
· If 1T1R requirement is introduced with OTA testing: 1T1R requirement configuration
Agreement 2nd round:
Do not introduce OTA testing.




The configurations themselves have been agreed to follow “the 1T2R requirement configuration”.
The only remaining issue being the limitation to MCS2 only, or to included MCS16 as well.
Considering that the 1T1R constraint comes from the leaky cable antennas in the tunnel scenario, we expect the observed SNR values to be quite high. Hence higher MCS values can be used to make up for the loss of one polarization and uphold satisfactory performance in the tunnel.
RAN4 to have requirements for both MCS2 and MCS16.



DFT-s-OFDM waveform
In RAN4#94-bis-e, it was not agreed whether to introduce DFT-s-OFDM or not [2]:
	· Dft-s-OFDM waveform
· Option 1: Introduce PUSCH HST requirements for DFT-s-OFDM.
· Option 2: Do not introduce PUSCH HST requirements for DFT-s-OFDM
· Option 3: Define DFT-s-OFDM only for 350km/h scenario, 1T2R and minimum channel bandwidth
Proposed WF:
Discuss in next meeting.
Clarify how/if implicit test passing is still applicable.



The technical part of the discussion on this issue, was concerning whether DFT-s-OFDM requirements are needed to guarantee re-farming of LTE bands with equal coverage in NR.
We have seen in Rel-15 that the coverage difference between CP-OFDM and DFT-s-OFDM is less than 0.8dB in the worst cases. We have re-run a set of simulations with DFT-s-OFDM (see next subsection) and have made the following observation:
In high speed 70%TPUT requirements, dft-s-OFDM improves coverage by less than 0.4dB in MCS2 and loses coverage (within simulation uncertainty) for MCS16.
Which leads to our proposal:
RAN4 to not add dft-s-OFDM to minimum requirements, since coverage of re-farming LTE bands is not impacted.


DFT-s-OFDM Simulations
Using the same settings as in [6], unless stated otherwise below, have obtained the following results:
Table 3: Coverage difference DFT-s-OFDM vs. CP-OFDM in high speed scenarios.
	Freq/Speed
	Propagation condition
	CBW/SCS
	DM-RS
	MCS
	DFT-S
SNR@70% TPUT
	CP-OFDM
SNR@70% TPUT
	Difference
SNR

	2.1GHz/350kph
	Single Tap-Scen3-1340Hz
	10MHz/15kHz
	1+1+1 l0=2
	2
	-6.33
	-5.93
	0.4

	
	
	
	
	16
	5.79
	5.75
	-0.04

	
	
	
	1+1+1 l0=3
	2
	-6.33
	-5.94
	0.39

	
	
	
	
	16
	5.8
	5.75
	-0.05

	
	Single Tap-Scen1-1340Hz
	10MHz/15kHz
	1+1+1, l0=2
	2
	-6.36
	-6
	0.36

	
	
	
	
	16
	5.75
	5.73
	-0.02

	
	
	
	1+1+1 l0=3
	2
	-6.36
	-6
	0.36

	
	
	
	
	16
	5.75
	5.73
	-0.02

	3.6GHz/350kph
	Single Tap-Scen3-2334Hz
	40MHz/30kHz
	1+1+1 l0=2
	2
	-6.34
	-5.97
	0.37

	
	
	
	
	16
	5.76
	5.74
	-0.02

	
	
	
	1+1+1 l0=3
	2
	-6.34
	-5.97
	0.37

	
	
	
	
	16
	5.76
	5.75
	-0.01

	
	Single Tap-Scen1-2334Hz
	40MHz/30kHz
	1+1+1, l0=2
	2
	-6.36
	-6.01
	0.35

	
	
	
	
	16
	5.74
	5.72
	-0.02

	
	
	
	1+1+1 l0=3
	2
	-6.36
	-6.02
	0.34

	
	
	
	
	16
	5.74
	5.72
	-0.02

	3.6GHz/500kph
	Single Tap-Scen3-3334Hz
	40MHz/30kHz
	1+1+1 l0=2
	2
	-6.31
	-5.91
	0.4

	
	
	
	
	16
	6.07
	5.81
	-0.26

	
	Single Tap-Scen1-3334Hz
	40MHz/30kHz
	1+1+1, l0=2
	2
	-6.35
	-5.98
	0.37

	
	
	
	
	16
	5.78
	5.74
	-0.04




Multi-path fading channel under high Doppler value
In RAN4#94-bis-e, the discussion on multi-path fading channel under high Doppler value was postponed until ARN4#95-e [2]:
	· Multi-path fading channel under high Doppler value
· Option 1: Do not specify requirements for multi-path fading channel models with high Doppler values.
· Option 2: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 1200Hz and 2400Hz for 15kHz SCS and 30kHz SCS, respectively.
· Option 3: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
Proposed WF:
FFS until next meeting.
· Is multi-path fading channel under high Doppler value a common scenario?
· Option 1: Multi-path fading channel is very rare in HST scenarios (open area or tunnel).
· Option 2: Fading channel is also typical condition in the real propagation under high speed.
Proposed WF:
FFS until next meeting.



From the options given in the last meeting, we observe the following:
The highest proposed value (2400Hz) corresponds to 650kph@2.1GHz or 375kph@3.6GHz, which does not correspond to any categories considered up until now. Neither does the proposed lower value of 1200Hz.
Hence, we propose
RAN4 to not consider multi-path fading channels under high Doppler value. The minimum test coverage is already achieved and senseful Doppler values would require extensive further studies.


Agreeing on SNR values
In RAN4#94-bis-e the simulation result summary was updated [3]. 
All PUSCH related requirements have enough inputs to arrive at valid SNR numbers, following the standard NR Rel‑15 performance requirements derivation method [4].
Unless new simulation results are received, capture the SNR values summarized in R4-2005573 in the PUSCH CRs.


HST test setup figures and TTs
With the requirement organization and numbers being close to final, RAN4 should verify the additional need for additions for HST in the measurement set-up and test tolerance definition; similar to the draftCRs submitted for HST by CATT in the last meeting.

RAN4 should verify, if further HST PUSCH additions to “Measurement of performance requirements” (TT definitions in TS 38.131-1/2 appendix C.3) and “Measurement system set-up” for “performance requirements” (appendix D) are required; similar to R4-2003272.

We remind at this point the CR work split agreed in RAN4#93 [5]:
	
	Test cases
	CRs
	Company

	PUSCH demodulation requirements introduction

	CR for TS 38.104
	Nokia

	
	CR for TS 38.141-1
	DCM

	
	CR for TS 38.141-2
	Ericsson

	PUSCH demodulation Annex including both FRC and channel model

	CR for TS 38.104
	Nokia

	
	CR for TS 38.141-1
	DCM

	
	CR for TS 38.141-2
	Ericsson

	PUSCH UL timing adjustment introduction

	CR for TS 38.104
	ZTE

	
	CR for TS 38.141-1
	Samsung

	
	CR for TS 38.141-2
	CATT

	PUSCH UL timing adjustment Annex including both FRC and channel model

	CR for TS 38.104
	ZTE

	
	CR for TS 38.141-1
	Samsung

	
	CR for TS 38.141-2
	CATT

	PRACH demodulation requirements (including Annex)

	CR for TS 38.104
	Huawei

	
	CR for TS 38.141-1
	Huawei

	
	CR for TS 38.141-2
	Huawei









Conclusion
In this contribution we have provided our views on various open PUSCH HST issues. In particular we commented on, the applicability rules and declaration categories, the 1T1R requirement configurations, DFT-s-OFDM introduction, and multi-path requirement introduction. 
We have made the following observations and proposals:

PUSCH implicit test passing applicability rule
1. RAN4 to capture the following applicability rule in test specifications: “Unless otherwise stated, a BS that declares to support 500kph (see D.XXX in table 4.6-1), and passes the tests for 500kph, can also consider the tests for 350kph as passed.”

PUSCH high speed support declaration for HST
1. There are algorithmic differences between a BS deployed in “500kph only” scenarios and “350/500kph mixed” scenarios.
RAN4 to allow the distinction between “500kph only” scenarios and “350/500kph mixed” scenarios in manufacturer declarations.

1T1R requirements for the tunnel scenario - Applicability rule
RAN4 to allow foregoing testing for 1T1R, when 1T2R is tested. This to be captured in applicability rule by changing previous rule as follows:
“In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest number or two supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.”

1T1R requirements for the tunnel scenario - Configuration
RAN4 to have requirements for both MCS2 and MCS16.

DFT-s-OFDM waveform
In high speed 70%TPUT requirements, dft-s-OFDM improves coverage by less than 0.4dB in MCS2 and loses coverage (within simulation uncertainty) for MCS16.
RAN4 to not add dft-s-OFDM to minimum requirements, since coverage of re-farming LTE bands is not impacted.

Multi-path fading channel under high Doppler value
The highest proposed value (2400Hz) corresponds to 650kph@2.1GHz or 375kph@3.6GHz, which does not correspond to any categories considered up until now. Neither does the proposed lower value of 1200Hz.
RAN4 to not consider multi-path fading channels under high Doppler value. The minimum test coverage is already achieved and senseful Doppler values would require extensive further studies.

Organisation of high-speed train requirement sections for PUSCH 500kph in specifications
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).

Agreeing on SNR values
Unless new simulation results are received, capture the SNR values summarized in R4-2005573 in the PUSCH CRs.

HST test setup figures and TTS
RAN4 should verify, if further HST PUSCH additions to “Measurement of performance requirements” (TT definitions in TS 38.131-1/2 appendix C.3) and “Measurement system set-up” for “performance requirements” (appendix D) are required; similar to R4-2003272.
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