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Introduction
All previously known open issues on the topic of NR Rel-16 HST BS demodulation PUSCH requirements have been resolved at the RAN4#96e meeting. Results are captured in the email discussion summary [1], WF [2], and the meeting minutes (some agreements from the last go-to-webinar).
For ease of reading and referencing, the agreements from the last GtW are captured hereunder:
	· Specification drafting of multi-path fading requirements
· Introduce multi-path fading channel requirements with high Doppler value in a separate table under section “8.2.4 Requirements for PUSCH for high speed train” 
· This requirement only applicable for wide-area, medium-range BS which supporting HST 



Since the last meeting, we have identified the following topics that still need discussion:
· Simulation results misalignment (span too large) in [3].
· Multi-path carrier frequency.
· Applicability rules not implemented in spec.

In this contribution we will express our views on the above issues.
Additionally, we include the results of our remaining simulation campaigns (multi-path fading channel under high Doppler) directly in this Tdoc.


Discussion on open issues
Here we discuss open issues, left over from the last meeting.

Simulation results misalignment
We noticed the following uncertain result in the summary excel of 350kph PUSCH [3]:
[image: ]
Figure 1: Simulation alignment issue.

One company’s impairment result is better than the corresponding ideal one for 30kHz/10MHz, 2334Hz, 1T8R, MCS16. This causes a -102 error (span too large).
In case the identified cases in the simulation summary excel are not updated in this meeting, remove them from the requirement calculation and move ahead with replacing TBDs in the CRs.


Multi-path carrier frequency
In discussions about PUSCH multi-path fading channel models with high Doppler values, it was neglected to discuss the centre/carrier frequencies to be used for simulations with the respective fading scenarios.
We have used the following values for our evaluations:
Table 1: Used carrier frequencies
	Propagation condition
	fc (GHz)
	SCS
	CBW

	TDLC300-600 FO=0Hz
	2.1
	15KHz
	5MHz

	TDLC300-1200 FO=0Hz
	3.6
	30KHz
	10MHz



If required for simulation alignment, RAN4 to consider fc=2.1GHz for TDLC300-600 FO=0Hz (15kHz), and fc=3.6GHz for TDLC300-1200 FO=0Hz (30kHz).


Applicability rules not implemented in spec
While verifying the CR implementation status of the latest specifications, we have noticed that some previously agreed PUSCH applicability rules have not been included.
In particular the agreements from RAN4#95e [R4-2008821] seem to be missing from TS 38.141-1 and TS 38.141-2:
	· PUSCH implicit test passing applicability rule
· Capture the following applicability rule in test specifications: 
· “Unless otherwise stated, a BS that declares to support 500km/h (see D.1XX in table 4.6-1) and passes the tests for 500km/h, can also consider the tests for 350km/h as passed.”
· PUSCH 1T1R applicability rule
· Applicability rule:
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), if the BS supports 1RX, the tests with low MIMO correlation level shall apply only for either one connector or the second lowest number of supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration. 
If the BS doesn’t support 1RX, 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.
· Remark on the applicability rule:
The highest number of connectors can simultaneously be second lowest number.




The implicit test passing and 1T1R applicability rules from RAN4#95e have yet to be included in TS 38.141-1 and TS 38.141-2.
The companies responsible for PUSCH HST CRs to TS 38.141-1 and TS 38.141-2, are requested to include the implicit test passing and 1T1R applicability rules in this meeting.



Simulation results
In RAN4#96-e the propagation conditions for “multi-path fading channel under high Doppler” have been clarified [2]: 
	· Multi-path fading scenarios under consideration
· The following models are under consideration:
· TDLC300-600 FO=0Hz
TDLC300-1200 FO=0Hz
· Specification of multi-path fading channel under high Doppler
· Introduce PUSCH requirements for HST multi-path fading channel under high Doppler, with configuration
· TDLC300-600 FO=0Hz (15kHz), TDLC300-1200 FO=0Hz (30kHz)
· MCS: 2
· Waveform: CP-OFDM
· DM-RS: 1+1+1
· Antenna: 1T2R
· Bandwidth: 5MHz for 15kHz SCS, 10MHz for 30kHz SCS




Following this we update the previously delivered simulation results.


Parameters
Unless otherwise stated in the following (or the above multi-path clarifications), the simulation setup follows the HST PUSCH baseline as captured in the WF [2]:
Table 1: PUSCH HST baseline configuration
	Parameter
	Value

	
	v = 350km/h
	v = 500km/h

	Transform precoding
	Disabled
FFS: Enabled
	Disabled
FFS: Enabled

	Number of Tx
	1
	1

	Number of Rx
	Tunnel: 2, 1
Open space: 2, 8
	Tunnel: 2, 1
Open space: 2, 8

	Number of layers
	1
	1

	SCS
	15kHz, 30kHz
	15kHz, 30kHz

	Reference signal
	DMRS type 1 with 1+1+1
	DMRS type 1 with 1+1+1

	 l0 
	l0 = 2 or 3
	l0 = 2 or 3

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	Full applicable test bandwidth

	MCS index
	Tunnel: MCS 2 and MCS 16
Open space: MCS 2 and MCS 16
MCS2 and [16] for 1T1R
	Tunnel: MCS 2 and MCS 16
Open space: MCS 2 and MCS 16
MCS2 and [16] for 1T1R

	Maximum Doppler shift
	15kHz SCS: 1340Hz
	30kHz SCS: 2334Hz
	15kHz SCS: 1740Hz
	30kHz SCS: 3334Hz

	Carrier frequency (GHz)
	15kHz SCS: 2.1GHz
30kHz SCS: 3.6GHz
	15kHz SCS: 1.8GHz (Band n3)
30kHz SCS: 3.6GHz

	Propagation condition
	HST single-tap channel model:
Tunnel: Ds=300m, Dmin=2m
Open space: Ds=700m, Dmin=150m
FFS: Multi-path fading channel under high Doppler value 
15kHz: [600]Hz; 30kHz: [1200]Hz

	SCS and BW
	15kHz: 10MHz/5MHz; 30kHz: 40MHz/10MHz

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @70% of maximum throughput
	SNR @70% of maximum throughput




Multipath with high Doppler
Here are our simulation results for the multi-path fading channel model with high Doppler values:

Table 4: PUSCH, CP-OFDM, Multi-path, Type A TDRA: simulation setup and results summary
	Propagation condition
	fc (GHz)
	SCS
	CBW
	Tx/Rx
	PUSCH mapping type
	DMRS
	l0
	MCS
	SNR (dB)

	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	TDLC300-600 FO=0Hz
	2.1
	15KHz
	5MHz
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-4.61
	-2.11

	TDLC300-1200 FO=0Hz
	3.6
	30KHz
	10MHz
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-4.63
	-2.13





Conclusion
In this contribution we have provided our views on various open PUSCH HST issues. In particular, simulation results misalignment, multi-path carrier frequency, and missing agreed applicability rules in the specifications. Additionally, we have delivered the results of our simulation campaign on multi-path fading channel models with high Doppler values.
We have made the following observations and proposals:
Simulation results misalignment
1. One company’s impairment result is better than the corresponding ideal one for 30kHz/10MHz, 2334Hz, 1T8R, MCS16. This causes a -102 error (span too large).
1. [bookmark: _GoBack]In case the identified cases in the simulation summary excel are not updated in this meeting, remove them from the requirement calculation and move ahead with replacing TBDs in the CRs.

Multi-path carrier frequency
If required for simulation alignment, RAN4 to consider fc=2.1GHz for TDLC300-600 FO=0Hz (15kHz), and fc=3.6GHz for TDLC300-1200 FO=0Hz (30kHz).

Applicability rules not implemented in spec
The implicit test passing and 1T1R applicability rules from RAN4#95e have yet to be included in TS 38.141-1 and TS 38.141-2.
The companies responsible for PUSCH HST CRs to TS 38.141-1 and TS 38.141-2, are requested to include the implicit test passing and 1T1R applicability rules in this meeting.
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